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More than a century has passed since seaweeds were studied 

~r the first time on the Romanian Black Sea coast by SCHAAR

::HMIDT (in KANITZ, 1879-1881). The first works consist only of 

~e identification of marine algae. The period of rigourous 

:ientific study of the Romanian marine algal flora was begun by 

EODORESCU (1907) and carried on by CELAN over a period of five 

~cades between 1935-1983. 

TARNAVSCHI and OLTEAN (1956, 1958) published a review in two 

:trts on terrestrial and marine alga groups identified in Roma

ia. 

Following contributions related to Cyanophyta (GRUIA, 1968) 

~d macrophytes (SKOLKA, 1969), complete lists of benthic marine 

lgae in Romania were compiled by BAVARU, concerning the Cyano

~yta, Chlorophyta, Phaeophyta and Rhodophyta (1977a), and the 

~aeophyta and Rhodophyta with the publication of the second 

llume of the "Treatise on Algology" (1977b). 

Recent contributions on the marine macrophytobenthos have been 

~viewed by BOLOGA (1987). 

several decades ago the algal flora showed a much higher 

.unber of species, subspecies and varieties compared to those 

lund in coastal waters. The most abundant genera are Entero

'rpha, Cystoseira, Ceramium and Laurencia. A continual decrease 

~ algal diversity and biomass becomes evident upon analyses of 

1e literature. This result is most dramatically illustrated by 

1e almost_ complete disappearance of the formerly productive 

~lts of the perennial brown alga Cystoseira barbata (Good. et 

lOd.) J .Ag, which formerly played an important ecological role. 

These taxonomic studies represent the known inventory of 

1rine macrophytes in Romania. They revealed the presence of 

.llllerous new species both along the Romanian coast and in other 

lcations in the Black sea. In addition Gelidiella antipae Celan 

1s identified as a new species. 

Some species were erroneously considered as new taxa. These 

1clude Ectocarpus caliacrae Celan (actually a development stage 

E Desmotrichum undulatum (J.Ag.) Reinke), or Laurencia lacustris 

colka (= I,. ~ A. Zin. et Zaberzh.) . 

According to the present requirements of botanical nomencla

lre (BOUDOURESQUE and PERRET-BOUDOURESQUE, 1987) a synthesis of 

1e inventory of benthic marine algae has been prepared. Compared 

' the total of 36 cyanophyta, 47 Chlorophyta, 2 Xanthophyta, 30 

1aeophyta and 75 Rhodophyta observed along the Romanian shore 

~ginning in 1935, only about 18, 21, 1, 13, and 41, respective

(, remained after 1960. Since 1980 even fewer taxa have been 

'und, although it is possible that, as in the case of marine 

'lluscs, new species may have recently entered the region. 
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Lea donnees existentes en ce sene sont des plus incomplStes, d $ oU 
1 'impossibilite de realiser une delimitation precise de 1 • aire de dispersion de 
certaines es~ces. 

Prenant ..comrne point c;le depart 1a litterature de specia1ite pub1iee par les 
sovietiques, notamment l'ouvrage de A.D. ZINOVA {1967), nous eetimons qu'aux borda 
roumains, la flore d'algues cornporte lea ~lt§,menta suivants: 

1. Lea t§,lE!ments atlantiaues-arctigues-bort§aux infiltr~es par la M9diterran~e le 
long des glaciations, ou apres l•ecroulement du Bosphore. Deux cat~gories y ont le 
dessus: 

a) atlantiaues-bor9ales, des espSces d'eaux tempereea ou froidea, qui dana la 
ME!diterranee touchent leur limite sud: Blidingia margina.ta, Bryopsis plumosa, 
Cladostephus verticillatus, Striaria attenuata 1 Callithamnion corymbosum, 
Lomentaria clavellosa et 

b) atlantiauee-tropicales: Bryopsis hypnoides, Chaetomorpha aerea, Cystoseira 
barbata, Dilophus fasciola, Callithamnion granulat:um, Dasya baillouviana. En 
ce qui concerne la troisiSme categorie: 

c) arctico-boreales, il y en a que nous pouvons considerer comrne des reliques 
arctiques: Urospora penicilliformis, Phyllophora truncata, celle-ci n•etant 
pas presentee dans la Mediterranee, et d'autres, comme Ulothrix flacca, u .. 
pseudoflacca, sent considerees dans la Mediterranee commas dee reliques 
g1aciales (FELDMANN, 1937). Les elements arctiques-boreaux et atlantiques 
bor~aux sont inclus par beaucoup d' auteurs dans une notion plus large -
circumboreal et reapectivement circumtropical. 

2. Lea reliaues sarmatigues: Tout en realisant l~etude de la flare algologique 
de la Mer Caspienne, on peut discuter de la presence de ces 61ements aux borda de la 
mer Noire. Ainsi, par exemple, Laurencia lacustris rencontrt§e par SKOLKA (1961) dana 
l'un dee lacs saumatre du littoral, s•est avere &tre L. caspica (BAVARU, 1977). r1 
paratt aussi que Ceramium fastigiaeum, enregistree par M. CELAN (1959) comme une 
forme de C. elegans, et que nous avons rencontr6e uniquement dans des zones A eau 
radoucie et dans lea lacs du littoral so it toujours une relique ponto-caspienne ( la 
confirmation en serait de la retrouver dans la mer Caspienne}. Moi et M .. CELAN, 

nous consid9rons que la forme curieuse d'Ect:ocarpus siliculosus, rencontr6e dans le 
bassin du port de Mangalia et publiee en 1967 doit &tre rapportee il. E. caspicus. 
Dana l'ouvrage de A.D. ZINOVA (1967) on rencontre une s6rie d'end~mismes caspiennea 
avec 1' appelation apecifiques de "caspicau ou "caspicus" (Polysiphonia caspica, 
Dermalithon caspicum) et que l'on pourrait ctecouvrir dans la mer Noire aussi, 
notamment dans lea eaux peu radoucies de la cOte roumaine des embochures du Danube. 

3. Des elements cosmopolites, repr~sent~s par des esp~cea euryhali nae, 
rencontrees presque dans toutes les mere du globe, comme par exemple: Enteromorpha 
compressa, E. prolifera, Acrochaete viride. 

Scytosiphon lament.aria est une espece cosmpolite bipolaire, se retrouvant dana 
toutes les mers froides et temperees· des deux hemispheres. 

4. Des elements ~, provenant des eaux deuces sont mains nombreux. On 
peut citer Rhizoclonium riparium et Chroodact;ylon ornat.um. 

En Synthese, nous presentons lea trois diagrammes du spectre chorologiques dea 
algues macrophytes du littoral roumain de la mer Noire . 
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Trace Metals in Adriatic Seaweeds from the lstrian Coast 
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The northern Adriatic is heavily polluted by both domestic sewage and 
industrial discharges. Increased concentrations of heavy metals in coastal waters 
were reported {Branica, 1978). 

Due to high accumulation factors and ability of strong binding of metals 
seaweeds are valuable indicators in metal pollution studies .. Metals present in algae 
are, however, related to the problem of water pollution monitoring. 

In this study the concentrations of Mn, Zn, Cd, Cu and Ph were determined by 
atomic absorption spectrometry (AA 6 Techtron varian). Samples were collected in the 
rocky eulittoral and sublittorally at Piran and Rovinj. Both seasonal and perennial 
species from differently polluted sitl;!!s were studied. Differences in accumulation 
capacity between species and genera were considered as well as seasonal and habitat
conditioned variations in trace metal content. Five to ten paralleles were taken for 
each species during sampling. Results are means of three replicates and are 
expressed as ug.g of dry weight. 

The trace metal content in the surface water at Piran during spring (April) 
was: 60 ug.l of Zn, 6 ug.l-l of Mn, > 0.5 ug.l-l of Cd, > 2 ug.l-l of Cu and > 1.5 
u.g.l-1 of Pb. In spite of the fact that the concentration of Zn in seawater was 
notably higher than that of Mn, the concentration of the latter was two to three 
times higher that that of Zn, in some cases even more. The toxic metals Cd, Cu and 
Pb were found in low concentrations in the investigated material, with few 
exceptions. Looking at the algal material as a whole, results indicated that Mn 
concentrations in the tissue were the main distinguishing characteristic between the 
taxonomic groups as well as in seasonal and habitat-.Conditioned variations. 
Variations in the Zn content were lese pronounced and did not always follow the same 
trend as the Mn content. The toxic metals showed no definite trends of variations 
and tended to be elevated in some taxonomic groups (representatives of the 
Scytosiphonales,. Dictyotalee Gelidiales and in some crustose corallines). 

Among the brown algae the perennial Fucus virsoides exhibited a relatively high 
Mn content (ranging from 97 to 475 ug.g-1 for the Piran material and from 28 to 44 
ug.g-1 for that from Rovinj). It increased from winter towards summer, with a peak 
in August and subsequent decline in autumn~ Seasonal variations in Zn content were 
less pronounced (ranges from 40 to 74 ug.g- 1 ). In the Rovinj material 
the Mn content was lower than in that from Piran. Differences were less conspicuous 
regarding the Zn content. Among other fucoid species belonging to the genus 
Cys-toseira a high Mn content was found in the eulittoral cys-toseira compressa, 
whereas in the sublittoral fucoids it was notably lower. It seems, however, likely 
that the eulittoral fucoids accumulate more Mn and also Zn that the sublittoral 
ones. The Cd content in· the fucoid species varied between 0.3 and 0.7 ug.g-1 , that 
of Cu between 2 and 10 ug.g-l and of Pb between 2 and 6 ug.g-1 . In representatives 
of the Sphacelarialee (Halop-teris sc;oparia} and Dictyotales (Dictyota dicho-toma, 
Dictyopteris membranacea, Padina pavonica} a high Mn content was notable, especially 
in Padina. ~ Also in these samples both Mn and Zn concentrations were lower in the 
Rovinj material than in that from Piran .. Elevated concentrations of toxic metals in 

~:;:es5en~:ti1v;s u~~ g :¥:. D~::i:t~~=~ w:fre :s:a:b~!~~=e~n 3th:n~b ;o:~~~:.l.wh!chh:g~ng;~ 
concentration was also found in Halopteris scoparia. Of the Scytosiphonales, 
Scytosiphon lomen-taria and Colpomenia sinuosa were collected -in rather polluted 
sites. It was obvious that the accumulation of Mn and Zn increases towards the end 
of the vegetative period in Scytosiphon and that the Mn content was again higher in 
the Piran than in the Rovinj material. The oposite was true for the Zn content .. 
Exceptionally high values for Pb and Cu were found in the Scytosiphonales from 
Rovinj (22 to 69 ug.g-l Pb and 9 to 22 ug.g-1 Cu). They are possibly related to an 
intensified pollution at the immediate sampling sites. 

Among the red algae pronounced differences in metal concentrations between the 
taxonomic groups were obvious. In Porphyra leucost;icta from a brackish habitat (Lim) 
low Zn and Mn concentrations were obvious (23 and 15 ug.g-1 respectively) and the Cu 
content was slightly elevated. In the rest of the red algae both Zn and Mn 
concentrations were higher than in Porphyra. In Jania rubens and Corallina. 
officina.lis the Mn content was high and exceeded the Zn content by two to four 
times. Also in Cora.llina the Mn content in the Rovinj sample was lower than in that 
from Piran, whereas the Zn content was on the same level. The Pb content of both 
species was elevated in sununer (8 and 11 ug .. g-1 ) ~ Among representatives of the 
Gelidiales, Gelidium pusillum and Pterocladia capillacea, even higher concentrations 
of Mn and Zn were observed (214 and 217 ug.g-l of Mn and 60 and 73 ug.g-1 of Zn). In 
both species the Pb content was elevated to lSug.g-1 , whereas the Cu content was 
high only 'in the eulittoral Gelidium pusillum (15 ug.g-l). Both species were 
collected at different seasons and littoral levels. Similarities in their trace 
metal content might suggest that taxonomic -relationships might be of primary 
importance for the affinities of seaweeds to dissolved metals. A similarity in metal 
levels was also observed among representatives of the Ceramiales, Ceramium ciliatum 
and Laurencia obtusa. The Mn and Zn concentrations in both species were similar ( 75 
and 85 ug.g-1 of Mn and 23 and 17 ug.g-1 of Zn), hence lower than in the rest of the 
red algae investigat~d.. Similarities between the two related species were also 
obvious in their contents of toxic metals, which were low. All the red algae 
observed exhibited a low Cd and relatively high Pb content~ Like in the brown algae, 
it became obvious that the Mn content was the main distinguishing characteristic 
between the taxonomic groups and that among the Gelidiales and the coralline algae, 
also the elevated Pb content was outstanding. 

Only a few samples of green algae were included in our study .. Mixed samples of 
diverse Enteromorpha species were collected eulittorally where they form continuous 
mats. They occur in several subsequent generations during the year, which is 
reflected in their metal levels. The Mn content was highest in surruner and again 
lower in the Rovinj than in the Piran samples. Slightly elevated Pb values in spring 
and autumn are noteworthy (8 and 9 l.lg.g-1 ). Samples of Cladophora dalmatica and Ulva 
rigida from Rovinj exhibited similar Zn, Mn and Pb contents, but were collected 
during different seasons of the year. As a contradiction of the above statment that 
taxonomic relationships are outstanding in the ability for trace metal accumulation, 
the two Codium species, Codium vermillara and Codium effusum, were totally 
different. This relates to the Mn and Zn contents (36 and 82 ug.g-1 Mn in the former 
349 ug.g-1 Mn in the latter). 

In spite of several experimental studies on trace metal accumulation in 
seaweeds (e.g. Munda, 1979,1982 etc.) this contribution yields information on their 
metal content under unstable field conditions, reflecting metal pollution in the 
North Adriatic shelf area. 
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Resultats de Missions Algologiques en Mediterranee Orientale 
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La vegetation marine benthique des cotes de Ia MEiditerram)e en Turquie est peu cc 

Les travaux algologiques sur cette region ne sont pas nombreux (CIRIK, 1986, UYSAL 

1980, ZEYBEK, 1969). Cette region pourtant contient un grand nombre d'especes interes 

aussi bien du point de vue systematique que phytogeographique. 

En 1978 et 1979 nous avons etudie, d'une maniere saisonniere, en formant une , 

scientifique, les divers aspects biologiques (y compris Ia !lore marine) et sedimentolo 

de Ia baie d'Akkuyu pres de Mersin (UNSAL .!ll...a[ 1980). Depuis cette periode jusqu'; 

jours, nous avons fait des recoltes soit par dragage soit par plongee, d'une m; 

sporadique, sur les cotes de Ia Mediterranee en Turquie. Nos stations de recoltes (st.1· 

st. 2-Ta§ucu, st. 3-Akkuyu st. 4-Aianya, st. 5-Kemer, st. 6-Fethiye, st.7-Knidos) vont 

trontiere syrienne jusqu'a Ia mer Egee. 

La region d'etude presente toutes les caracteristiques du climat mediterraneen. L 

grande partie des cotes sont rocheuses, en calcaire, favorisant les developpements d'< 

Les phanerogames marines sont developpees dans les zones sableuses. 

Les especes marines de cette cote et leur repartition sont influencees par les 

chaudes de Ia Mediterranee Sud. Les especes tropicales, comme Liagora farjnosa, .L.....:.1: 
Galaxama oblonaata, Digenea simplex. Sargassum vulgare. Acetabqlarja acetal 

8.o.aQv.Q.m.e.n ~. sont assez abondantes. De plus certainement a cause du canal de S• 

voit de plus en plus dans plusieurs stations, certaines especes comme Halophila s!lpula• 

Caulema racemosa qui sont originaires de !'Ocean lndien, et absentes en Medite1 

occidentale. 

Dans ce travail, nous avons donne un brei aper<;u de Ia repartition des especes ve• 

que l'on peut rencontrer au niveau supralittoral, mediolittoral, et a !'horizon superie 

l'infralittoral. 

Au cours de nos missions algologiques nous avons recolte et determine 186 es 

d'algues et 4 phanerogames marines. Parmi ces plantes, 123 especes de Rhodophyce 

especes de Phaeophycees, 22 especes de Chlorophycees et 5 especes de Cyanopt 

constituent respectivement 66,13%, 19,35%, 11,83% et 02,69% du nombre total d'es 

determinees. 

La repartition verticale des especes et des peuplements dans nos stations se rap] 

beaucoup de celle observee sur les cotes egeenne et sur les c&tes syriennes (CIRIK, · 

MAYHOUB, 1976). Comme nous l'avons deja indique plus haut, les especes a affinite c 

sont assez abondantes dans les differents etages. 
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>sence of Sieve Plates in Cystoseira (Fucales, Fucophyceae) 

Amelia GOMEZ GARRET A and M. Antonia RIBERA 

Laboratorio Botanica, Facultad Farmacia, Universidad Barcelona (Spain) 

The presence of sieve plates in the cells of Fucophyceae 
been observed by a number of authors, in particular in Lami

iales (PARKER & HUBER, 1965; SCHMITZ & SRIVASTAVA, 1974, 
5, 1976; SIDEMAN & SCHEIRER, 1977l and Fucales (BISALPUTRA, 
6, FULCHER & McCULLY, 1968; MOSS, 1983; FIELDING et al. 1987). 
latter works deal principally with diferent species of the 

...1~ Fucus but, on the other hand, no des.c1iption of these 
Jctures have been found in species of the genus Cystoseira. 
only data for Cystoseira ar-e two photographs of the sieve 

tes in C. stricta (pictures by L. and t-1.. Pellegrini) shown by 
ARDY-HALOS et al • ( 1984 l • 

This study deals with the description of sieve plates in 
aediterranea. The samples were collected in Blanes (Gerena, NE 
in} in February 1990. In the preparation for TEM a number of 
:es from the middle zone of the cauloid of this species were 
3.rated and fixed in 4% paraformaldehyde and 4% glute1aldehyde 
J.l M sodium cacodylate buffer in sea water for 2 hours~ The 
Jles were washed four times in the buffer and post-fixed 
:Jsmium tetroxide <lY.> in the same buffer for 1 hour. The 
: imens were dehydrated tht-ough a g1-aded acetone series and 
~dded in Spurr ·s resin. Cut sections were then post-stained in 
,yl acetate and lead citJ·-ate, and examined with a Phillips 301 
.. The sieve plates were observed in the cells of the inner 
tex .. 

The thickness of the sieve plates ·is about 0 .. 41 um (0 .. 33--
1 um). This value is slightly higher than the values found b-y 
~r authors in othet- species of Fucales and Laminariales (0 .. 2 
FIELDING et al., 1987 for F. vesiculosus, F. s.,rratus and F. 

·alis; 0.3 um: FULCHER & McCULLY, 1971 for F. vesiculosus; 0.2 
SCHMITZ & SRIVASTAVA, 1975 for Alaria marginata; 0.2-0.4 um: 
~MAN & SCHEIRER for Laminaria saccharina). The pores have a 
neter of aproxi·mately 0.11 um <0.10-0.12 uml. This value is 
1er than the estimates values measured by other authors in 
~s spp. (0.037 um: BISALPUTRA, 1966 for F. ..vanescens; 0.04 
FIELDING· et al., 19B7 for F. vesiculosus, F. serratus and F. 

-alis; 0.05 um: FULCHER & McCULLY, 1971 for F. vesiculosusl 
lower than the values found in Laminariales (0.11-0.30 urn: 

1ITZ & SRIVASTAVA, .1975 for A. marginata; 0.70 um: SIDEMAN & 
olRER, 1977 for L. saccharina; 2.40-6.00 um: PARKER & HUBER, 
5 for l'lacrocystis pyriferal. 

MOSS ( 1983l considered the pattern of pores in the sieve 
tes of F .. vesiculosus to be irregularly distributed while 
_DING et al. (1987) suggest that the pores have an even dis

:Jution across the plate. Our observations tend to agree with 
se of the former author, as the pores in the plates of C ... 
iterranea appear much more irregularly and infrequently dis
)Uted than those of F. vesiculosus <FIELDING et al., 1987), a 
t which can also be readily seen in one of the photographs of 
se plates in C. stricta (L'HARDY-HALOS et al., 1984). 

Studies of the part of the cell wall where the sieve 
tes are located are currently being undertaken. We can state, 
~ver, that the plasmalemma fibres, which pass through the 
~s, connect with the inner layers of the cell wall_ and pene
te them. The same observation has been reported by FIELDING et 

( 1987) for Fucus spp. 
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B-I6 
The Posidonia oceanica (L) Delile Meadows of Egyptian Waters 

Preliminary Survey 

H.-M. MOSTAFA, Y. HALIM, M ATIA and A-N. KHALIL 

Oceanography Department: Faculty of Science, Alexandria University, Moharram Bay, Alexandria (Egypt) 

A survey of the Posidonia oceanica beds along the Egyptian coast has been 

carried out since 1986. The work is focussed on the growth dynam.ic.s of the plant and 

on its associated fauna and flora. Preliminary results are reported. Posidonia 
oceanica communt.ties represent the most productive of all marine ecosystems in the 
south eastern Mediterranean waters along the Egyptian coast from the Lybian deaert 

in the west to El Ariah in the east (Fig~ 1), as well in the north west 

Mediterranean (Molinier and Picard, 1952). 

The western desert coast is characterized by large meadows of Posidonia exposed 

to open sea, to waves and water currents. The leaves are healthy, long, green all 

over and with only a slight epiphytic cover .. The animal associations are also poor~ 

Dead mattes of old Posidonia meadows are found covered with sand near green meadows 

in shallow areas {3-6 meters depth)~ The green meadows of Posidonia at shallow 

depths ( S-8 meters) are patchy and scattered while the deeper meadows cover more 

extensive areas. Aleem (1955) mentioned the presence of two parallel belts of 

Posidonia in the western area off El Agami, the first, a shallow bed at 8-10 meters 
depth was interspersed with Cymodocea, while the second at 20 meters depth was 

occupied mainly by Posidonia. The present survey showed the existence of both belts 

but the second at 26 meters. Aleem {1955) also reported that Posidonia beds were 

most abundant at Burg El Arab, 50 km west of Alexandria, where the sediment is of 

coarse calcareous sand completely devoid of fixed algae.. Thelin et: al.. ( 1985) 1 

located and studied Posidonia near the El Dabba area, west from El Alamein, at 

depths down to 27 meters. They gave some data about extens-ion, leaf biometery, 

flowering and leaf epiphytes. Meadows are also extensive in Mersa-Matrouh harbour, 

where the Red Sea eel-grass Halophil a sp~ is also recorded (Aleem, 1955). Shallow 

Posidonia meadows were also located at Sidi Abd El Rahman, west of El Alamein. 

The Posidonia meadows in front of Alexandria are formed in scattered patches 

located in the ~emi-closed bays specially at Miami, El Asafra and Montazah, (Fig. 

1} • The patches are found at depths ranging between 5-7 meters and are in most 

cases protected by rocks but subjected to the eastward flowing current.. They are 

also subjected to direct and indirect organic pollution from city effluents .. Adults 

leaves are heavily covered with epiphytes and are yellow-green to brown-green in 

colour. Heavy associations of animal groups inhabit the meadows~ Some of these 

associations are reported elsewhere in. this volume (Amphipoda, Polychaeta),. Aleem 

(1955}, reported the area between Rosetta and Damietta (delta coast) to be acarse in 

Posidonia meadows, Cymodocea being more frequent.. From Port-Said to El-Ariah, 

Posidonia meadows are abundant, located at the few rocky places between the two 

Ports .. 

E GYP T 
SINAl 

ALEXANDRIA 

Fig. 1 - Showing Different Locations Along The Egyptian Coast. 
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Evaluation of Posidonia oceanica Primary Production using 
Lepidochronological Analysis : preliminary results 

Gerard PERGENT 

LBMEB, FacultB des Sciences de Luminy, 13288 Marseille CBdex 09 (France) 

When Posidonia oceanica (L.) Delile leaves die, only the blade falls away, the sheatting base 
remains attached to the rhizome and is then called a "scale" (PERGENT, 1987; PERGENTet al., 
1989). These scales shown cyclic variations in their thickness and anatomy along the rhizome, 
each cycle corresponds to a one year period. The study of these chronological cycles is termed 
lepidochronology (PERGENT, 1987). 

The presence of morphometrical correlations between scale and blade parameters (MOSSE, 1985; 
PERGENT, 1987) makes it of interest to test the possibility of establishing a method to give 
rough estimates of primary production based upon lepidochronological data. A method of this 
kind should be much less time consuming than classic methods (e.g. 14C, ZIEMAN's leaf 
marking). 

A s~dy is ac~ally in progress in ~ee sites around Ischia Island (gulf of Napoly). The objective 
of this work 1s to make a compmson between results obtained by lepidochronological analysis 
and by the leaf marking method. 

The length of blades which have lived above a given scale (sheating base) is established using the 
significant correlation existing between leaf length (L) and sheath lenght (SH) (MOSSE, 1985; 
PERGENT, 1987). In this way, a linear regression is determined, using phenological data, for 
each site L = f(SH). 

The leaf density (weight par surface unit) shows variations according to age and birth period 
(TIIELIN et GIORGI, 1985). The parameter to be taken into consideration is fmal density, just 
before shedding. The mean. leaf density is measured over a one year period. 

By using the leaf renewal cycle, determined by lepidochronology, it is possible to identify the 
number and length scales formed during a given period of the year (PERGENT, 1987; PER GENT 
and PERGENT-MARTINI, in press). 

For a given year and shoot, it is possible to evaluate the primary production of leaves from the 
following parameters : 

N = mean number of leaves formed during a one year period. 
SC = mean length of scales during a one year period. 
L :=mean length of previous leaves (L = f(SC)). 
D =mean aged leaf density. 

In addition, rhizome production, which is generally low (3% of total production in PER GENT, 
1987), can be determined by weighting the rhizome section corresponding to the determinate one 
year period. 

For leaf production (PL), the formula is : PL=NxLxD 

The leaf primary production is evaluate in three sites of Ischia island (Tab. I). 

Mean Number Scale Regression Leaf Leaf Leaf Shoot Leaf 
Depth of leaves length line length density production density production 
(m) per year SC (mm) L=f(SH) L (mm) D (mg/cm) (g dw/shoot) (m') (gdw/m') 

Site LAOS -5 7.1 39.9 y=30.6x-794 426.7 4.9 1.48 473 702.2 
SlteLAlO -10 5.3 41.9 y=21.2x466 422.2 4.5 1.01 351 353.4 
SlteLA20 -20 6.6 40.7 y=l6.2x-323 336.0 4.1 0.91 253 230.1 

Table I : Evaluation of primary production (in g dry weigth per shoot and per m2) in Ischia, using 
lepidochronological analysis. 

Our results are consistant with the values obtained in previous works using leaf marking method : 
-In the same site (Ischia, -4 m depth) WITTMANN and OTT (1982) found a net leaf 

production of 1.2 g dry weight per shoot (our results are 1.48 g dry weight per shoot), and 
WITTMANN (1984) found a net leaf production of 667 g dry weight per m2 (our results are 702 
g dry weight per m2). • 

-In Port-Cros Bay, France (-1 to-2m depth), THELIN and GIORGI (1984) found a net 
leaf production ranges from 1.2 and 1.8 g dry weight per shoot. 

Evaluation of primary production from lepidochronological data appears to be a feasible target. It 
should be possible to evaluate very quickly primary production of Posidonia oceanica meadow in 
a given site and perhaps to follow its variation over a given period of time (previous years). 
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Utilisation de Ia technique du Krigeage en cartographie benthique 

interet et limites 

Gerard PERGENT 

LBMEB, Faculte des Sciences de Luminy, 13288 Marseille CBdex 09 (France) 

Le krigeage est une methode d'interpolation stochastique de donnees reellement observees sur le ten 
permettant de tracer des !ignes d'egale intensire d'un parametre (MA'IHERON, 1969). Cette meth1 
utilisee dans le domaine terrestre en geologie (KRIGE, 1966) en hydrologic (GAMBOLATI & VOl 
1979) et en ecologie (TIIIOULOUSE et al., 1985), permet d'optimiser le traitement cartographiqu< 
minimisant d'une part les penes d'informations et d'autre part !'effort d'echantilionnage. 

A ce jour cette technique a ete utilisee, avec sucres, en ecologic marine pour suivre Ia distributior 
parametres, presentant une repartition continue (peuplement ichtyologique in FRANCOUR 
MARCHADOUR, 1989). Au niveau benthique, Ia densire des faisceaux de Posidonia oceanica 
Delile et leur recouvrement ont ere representes par krigeage : des cartes d'isodensite ou d'isorecouvren 
de l'herbier ont ainsi ere realisees (SCARDI et al., 1989; FRANCOUR & MARCHADOUR, 1989). 

La tentation d'utiliser une telle technique, qui apparait tres rentable (effort d'echantillonnage reduit, re 
cartographique immediat, methode d'interpolation statistique et non empirique), est grande, surtout f 
!'apparition sur le rnarche de logiciels "pres a l'emp1oi" qui ne necessitent aucune connaissance statisti 
prealable mais n'apportent aucune precision quant a l'erreur d'interpo1ation engendree (e.g. Surfer e 
par Golden Software, ou Ie variograrnme ne peut etre visualise). 

Or, l'emploi de cette technique necessite un certain nombre de precautions et elle apparait inadaptee ( 
plusieurs domaines, tout particulierement pour l'etablissement de cartes biocenotiques : 

- Du fait de !a discontinuite des peuplements, !'interpolation par !a methode du krigeage induit 
"effets de ceintures" qui modifient de fa~on importante Ia surface des peuplements consi~: 
intercalent des biocenoses inexistantes (Figure 1). En effet, il n'existe pas de successions ordonn6:s ( 
Ia repartition des biocenoses en milieu marin (PERES & PICARD, 1964; BOUDOURESQUI 
MEINESZ, 1982). Si dans un secteur, nous observons Ia succession des peuplements suivants: (i) 811 

(ii) matte morte de Posidonia oceanica, (iii) herbier degrade a Posidonia oceanica et (iv) herbier con 
a Posidonia oceanica, que !'on peut coder respectivement 0, 1, 2 et 3, dans un secteur voisin, l'her 
continu (code 3) peut etre en contact avec une zone de sable (code 0); !'interpolation par krigt 
intercalera, entre ces deux peuplements, une ceinture de matte morte (code 1) et une ceinture d'her 
degrade (code 2) qui n'existent pas, et qui reduiront d'autant la surface des peuplement reellen 
presents (Figure 1). 

- Pour un meme secteur, le resultat de !'interpolation sera different en fonction de !a g 
d'echantillonnage (Figure 1). La reproductibilire de !a methode n'est done pas assuree, et un suiv 
revolution des peuplements cartographies n'est pas envisageable. 

~ 
~ 

HERBIER APOSIDO 
OCEANICA DENS! 

HERBIER APOSilJG 
OCEANICA DEGRA 

MAITE MORTE I 
POSIDONIA OCEAN 

s 

Figure 1 : Interpolation par Ia methode de krigeage d'une carte theorique (A). La grille d'echantillonnag€ 
permet d'obtenir deux interpretations C ( •) et D (0). 

- La surface sur laquelle se fait !'interpolation, notamment tors de !'utilisation de ces logiciel: 
correspond pas a ]a surface reellement etudiee mais generalement a un rectangle, dont une p: 
correspond ala terre, ce qui biaise !'interpolation ("effet debord"). L'emploi d'un "c!!che" sur les surf 
ou !'interpolation ne doit pas avoir lieu (partie emergee) ne resout pas ce probleme, et permet uniquer 
de ne pas faire figurer de peuplements marins sur Ia terre fenne. 
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Standard Procedure for the study of Posidonia oceanica Leaf Litter 

Christine PERGENT-MARTINt• • Gerard PERGENT• and Javier ROMERO•• 

•LBMEB, Faculte des Sciences de Luminy, 13288 Marseille Cedex 09 (France) 
••Departamento de Ecologia, Facultad de Biologia, Universidad de Barcelona, 08028 Barcelona (Espana) 

Vhile leaf litter is recognized as one of the key compartments in the dynamics of terrestrial ecosystems 
)LSON, 1963; KARKANIS, 1975), for the Posidonia oceanica bed it has only been studied sporadically 
NIITMANN et al., 1981; FRANCOUR, 1990). 
.s part of a general survey of the functioning of the Posidonia oceanica ecosystem ("A functional 
pproach to the Posidonia oceanica ecosystem of the Mediterranean"), a standard procedure has been 
•orked out for determining the structure, chemical composition and fragmentation and degradation 
techanisms of Posidonia leaf litter. 

ampling is carried out by scuba diving, using a suction device. A quadrat 35 em square is set up in a 
:>mOgeneous area that is representative of the Posidonia bed under investigation. Within this quadrat, the 
ving leaves are cut off at a height of 3 to 5 em from the base and removed, and the shoots are counted. 
he leaf litter is collected in bags (1 mm mesh). Sampling is repeated three times for each station. The 
unples are transpotted from the sampling site to the laboratory in damp medium. 

t each sample, non-litter elements (eg. living leaves, shell debris, algae, animals etc) are removed by 
md. Dead rhizomes, with or without scales, and whole scales are separated from the litter, and constitute 
lC RHIZOME PRACI'ION. Sorting by gravity is carried out to separate the litter from the sediment, which is 
·.scarded. Two sieves of different mesh size are used to sort the litter into a COARSE PRACI'ION Oeaves 
cger than 8 mm) and a FINE PRACI'ION Oeaf debris of between 1 mm and 8 mm). 
be three fractions obtained for each sample are placed in the dryer at a temperature of 70"C, until a 
>nstant weight is obtained (usually 48 hours). After drying, the samples are weighed on precision scales 
mg). 

eaf fragmentation experiments are carried out in situ. Aged adult leaves, that are still in place in the 
toots, are collected and brought back to the laboratory. They are weighed (sub-samples of 30 +/- 0.5 g) 
Ki placed in bags (1 mm mesh) sealed with strips of Velcro. The bags are returned to the environment 
:neath the leaf cover in series of three. The series of bags are collected after a predetermined period of 
llC (1, 2, 3, 4, 8, 12, 16 and 24 weeks). The samples collected are separated into three size classes : 
aves with a length of> 5 em (LARGE LEAVES); leaves with a length of between 5 em and 8 mm (BROKEN 
!AVES), and leaf debris of between 8 mm and 1 mm (DEBRIS). Each fraction is dried in the dryer at 70"C 
onstant weight), then weighed. 

be totality of the samples is powdered (pulveriser) and sieved (0.63 um mesh). The CHN content (Micro 
HN Determinator, CHN 800), the percentage of ash (Thermolyne Sybron tYPe 2000, 8 hours at 550"C) 
Ki the Phosphorus con~nt (Induction Coupling Plasma, after acid digestion according to DELGADO, 
)86) are measured for each fnu:tion. 

ur preliminary results (ROMERO et al., sous-presse) would appear to suggest that the distribution 
ltterllS of leaf litter are subject to considerable variation according to the depth, time and site of 

mpling. At Ischia (Italy), leaf litter maxima (coarse fraction + fine fraction) are found at intermediate 
:pths (Figure 1). 

UTTER BIOMASS 

gure I : Mean litter biomass (in mg dry weight per quadmt) at Ischia (Italy), at various depths according to sampling date. 

n investigation of degradation in situ, at -5 m and-20m, has shown that depth does not appear to have 
•Y influence on the rate of degradation. On the other hand, the rate of degradation does depend on the 
ne of year of the investigation (higher degradation rate in July). The curve of decline is of the 
;ponential type : 

y = expHl.0066x+ 1.63):- 5 m- October 1988 experiment. 
y =exp(-0.0087x+ 1.78):- 20m- July 1988 experiment. 

·Jrngw!edgemenl!i : This study was made possible by fmancial support from the European Communities Commission and 
taluable assistance from the staff of the Ischia laboratay (Italy}. 
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The Regression of Posidonia oceanica Meadows in El CampeUo (Spain) 

J.-L. SANCHEZ LIZASO • J.-E. GUILLEN NIETO and A.-A. RAMOS ESPLA' 

lnstitut d'Ecologia Literal, Ctra. Benimagrell sin. 03560 El Campello. Alicante (Espana) 

ABSTRACT 
The regression of Posidonia oceanica m'eadowa has been studied along a 7 km 

coastal sector on the El Campello littoral~ Changes of shallow Posidonia beds in the 
last 30 years are described. Deep Posidonia meadow is badly damaged due to illegal 
trawling. The first symptoms of trawling are detected at 13 m depth. But the deeper 
we go, the more degraded the meadow gets, reaching densities under 1 sh/m2 . Dead 
Posidonia is seen even suggest at 29 m depth. In order to protect the deep meadow, 
we suggest as a feasible solution the installation of artificial reefs. 

INTRODUCTION 
Posidonia oceanica meadow regression has been studied by a great number of 

scientists (see PERES, 1984). Studies on the effects of illegal trawling in 
Posidonia beds have been carried out in the Tyrrhenian Sea (ARDIZZONE & MIGLIUOLO, 
1982; ARDIZZONE & PELUSI, 1983, 1984). 

If we concentrate on Spain's situation, we can state that trawling has been 
forbidden since 1962 at less than 50 m for the whole year (Orden de 7 de julio de 
1962, Reglamento de la pesca de arrasere a remolque. B.O.E. N° 16). In eununer 
trawling is even forbidden at less than 130m depth (Orden de 30 de julio de 1975 
sabre pesca de arrast:re en el Mediterraneo. B.O.E. N° 193). However, trawling ships 
often work on P. oceanica meadow at lese depth. 

MATERIAL AND WORKING METHODOLOGY 
This piece of research was conducted on a 7 km coastal sector at El Campello 

(Alicante, SE of Spain). In order to complete this study we carried out nine 
perpendicular transects to the coastline from the upper level of the P. oceanica 
meadows to a depth of 29m and, in addition, several precise dives~ The obtained 
points were positioned by means of a sextant and enfilades to the coast (RAMOS, 
1984}. The reconstruction of the Posidonia~ s upper level was made with the aid of 
aerial photographs taken in the years 1956, 1978 and 1987. 

RESULTS 
Two little breakwaters have been built in the area of research, between 1956 

and 1987. If we compare the aerial photographs, we can clearly see that shallow 
Posidonia meadows have moved back. The greatest regression appears in the north of 
Cala Baeza and La Coveta, between 1978 and 1987 ~ At the same period the little port 
of Cala Baeza was filled up, and now boats cannot tie up in this port. 

Deep Posidonia oceanica meadow is destroyed due to illegal otter trawling. The 
depth at which the first trawling symptoms appear increases gradually from north to 
south. In the northern part of the studied area, which is off Carritxal beach, the 
first degradation symptoms were observed at 13 m depth; in the intermediate sector, 
at Cala Baeza, they appear at either 15 or 16 m; finally, in the southern part, 
Barranc drAigues-Morro Blanc, at 17 m depth~ At this depth 0~5 m wide channels 
parallel to the coast line are detected as well as pulled up rhizomes on account of 
the mechanical effect of trawl boards. 

As we go deeper, channels become more frequent and wider; there seem to be more 
pulled up rhizomes and the proportion of dead matte increases. Posidonia meadow 
density decreases quickly until it reaches values under 1 sh/m2 • From 22 m depth, 
the sea bottom presents a desolating sight; there are very few Posidonia spots and a 
great mass of dead matte frequently covered with light layers of sediments. 
Posidonia oceanica remains have been detected at 25 m depth at Carritxal and even at 
29 m depth between Barranc d'Aigues and Morro Blanc. 

CONCLUSIONS 
Regression in a shallow Posidonia oceanica meadow due to coastal line 

modifications is seen. More serious seems to be the regression due to illegal 
trawling. 

It is believed that along 7 km of coast, 290 Has of Posidonia meadow have been 
destroyed due to otter trawling. Unfortunately all the province of Alicante seems to 
be threatened by the same de~astating problem. 

Moreover several unpublished issues point out that the Posidonia meadow at 
Tabarca' s island, La Vila Joiosa and El Campello is largely altered or destroyed at 
a depth which may fluctuate between 13 and 24 m. Likewise, according to some 
fishermen, the same thing is happening at other ports in the province of Alicante. 

Vigilance committees have clearly proved to be inadequate and insufficient in 
the battle against illegal trawling and its ravaging effect on Posidonia oceanica. 
In our view, the only feasible solution to this problem is to install artificial 
antitrawling reefs, like those installed in Tabarca' a Marine Reserve ·(Ramos et al., 
in press). 
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Leaf Biomass and Production of P. oceanica at Spanish Eastern Coast 

J.-l. ESTEBAN, 1.-M. GINER, V. BENEDITO, J. TORRES, R. CAPACCIONI and A.-M. GARCIA-CARRASCOSA 

Invertebrates and Marine Biology Laboratory, Department of Animal and Cellular Biology and Parasitology. 
Faculty of Biological Sciences, Valencia University, 46100 Burjasot, Valencia (Spain) 

~ .~isthemostimportantphaneroqaaintheMediterraneanSea.Itsroleasptimaryprorlucer andasec-o 
.oq1cal _ systea has been repeatedly enhance:d. Measures of leaf production allovs to discern 1ts real ~moortance Hl the 

~~:~ie~~c i~~o;:::~ c:~~i~y.shallov coastal system, and qives a patall!ter to evaluate lts conservatio~ st:~ge as a re-

MATERIALA!IOI!RTHOOS 

This pape: gives leaf bio~ss and production values of orthotropic shoots, at five ~~~eadovs with d~ffere 11 t structu
re, vhose particular charactensticsarebtieflypointed out: 

l.-~meadovoveraixedsubstrataonsandand?tavelcoast,·3::CA8AHES. 
Study area: Upper liait area. Terrace and deeper mat betveen rock Oi.oas. J to 5 m 
depth. 560 sht•• density. Noappauntdlterations. 
2.-~aefatexposed.ueasatVIRLU 
Study area: Externll front area, 0.5 to 1.5:. depth, 1200 sh/ttl' density. Altention 
bywaterpollutionandtouristicuse. 
l. -~bedoverrocksubstratuaatSAHAHTONIOCAPE. 
Study area: Ho.oqeneous bed over a rock floor, 5 to 6 11 depth. 479 sh/!1' density. Mo 
apparentalterationbutsoddenincreaseofsedillentationratesinear1vsummer. 
4. -stable~•adowonrokycoastatAL'r!A. · 
Study area: Elevated terrace 2 11 depth and bottoa 111r1ts 4 as depth. Complicated mor
pholoqicalstructurebutnoalterations. 

3 S. -~reefatshelteredareasatS,\HTAPOLAbay. 
Studyarea: lxternalfrontandcentralarea,l.Sto2.5~~:depth.400sh/ll•density. 
Alterations Clued by reqeneration of the beach with fine sediments, dnd intense 
toatistlcuse. 

Jforedetalleddescriptionofthe.eadowsin(Sl. 

ortbotrop!c shoots wre oaried bl.,nthly at 
each place. A hole were Mdt tbrODCJh all leaves 
in a shoot with a hypoderaic needle. 15 shoots 
wereana.lped for each period. Leaves were sepa
rated and nuobered followlnq tbe GI!WID 111 clas
sification. tach leaf. was cut into thz:ee parts: 
The Booal part 181, situated down the oriqinal 
01rt level. Tilt Ntv part IAl Is the elonqatioa of 
the led, sitaated between_the actual position of 
theholeandthe orlq!nolleve!. Alldthedlatal 
partlll,thotistherestofthelealblide. 

lplpllytes wre cleaned with a razor blade 
and lenqth and vidtb wre •asured_for each part, 
and wlqhted after dryinq at 60 IIC, 21 h. 

"'"' 
uuo 

H llll 

, ::: n ~-~ ::: l;;; 

fiblt 1. Led bioliln nd. prod1ctioa ut:tH susoul valGu 

,Blomassvascalculatedforeacfl.teafpait. 
Production vas calculatedbyZI£KAH aett1od li4J 

as the mean dry veight of the nev parts U.l per 
shoot,andreestimate:dtaltinqinaccountranqechanqes 
and variations in density following the BEDROHH£ tl 
U.. oetbod Ill. 

CO!ICLUSIO!SA!IOOISCUSSION 

-Leaf bioaassandproductionof Posidonia oceanig at 
Eastern Spanisb coast ar~ included 1nto the range ot 
values reported ftoa other places of the Mediterranean 
!Tab.!). 
-Annualvariationotleat Plomass follovs thesame 
pattern at tbt five localitiesstudied,increasing 
froa Autua to Sa.er. Low biomass values of B 
!Basal parts witb liqulesl and l !leaf blade of old 
leaveslreflectshiqb leaf fall in autumn. Atthe 
opposite, durinq suaer, fotaation of ligules is acti
ve and B bio.ass is hiqh. 

Piglft 1. Lut biouu fldU n.4 prodlttioa uttt lrigUI ptr sloot il 
Cdma 111. ftr!d Ill, Su btOJio Ill, lltt1 !41 nd lnto Poll (S). 

-Leaf production always exists. Minimal values are in 
Suiiiiii!I, and hiqb values are reached in Spring and Au
tuan.InAutulll'liiOSt ofthl!! productionis causedoy 
leaf elonqation as suqqest lov differences nt:t...een 
values obtained by both 11ethod~ 13,14). in Sprlnq 
chanqes in density of leaves are important and these 
differencesareqreater. 

-At cabines, biqb autum production rates could be related to optillill stage. of conservation of this meadow. Its stable 
structure vlth a developed rhizae systea allows a qre.at capacity of storaqe 4f reserve substances ( lll that supports 
leaf qrovtb when disfavourable condition are present (lov teaperatures and light intensity), adopting an adaptation 
strateq!esforcOIIpetitlonvlthltseplpllytesm. 
• At Alte~:, there •st be siailu conditlou, bat a bard vinter stora caused strong daaage to the ~~~eadov structure, 
teuinq out Mny leaves and caplete shoots and rhlloaes (Only six shoots could be restored in this tiael. !his fact 
produced lost of alive lelf •terialalld rblzo• reserves, shovlnq lov bioaass and productions values in winter. 
- At Santa Pola, thue is 1 hiqh level of llter.atlon and the ae:adov is in a constant deqradation·reqeneration process, 
and even though there are iaportant production rates, tbe qrovth pattern !lUSt be mstly requlated by environantal 
conditlonslliqhtondteoperaturo). 
-At Sin Antonio cape., .a suddta lDCre•Dt of aedilent rates could alter tbe growth cycle of shoots 141, appearing as 
intetoediite bet .. en both kind of oeadow. 
• At Verqd, intense hydrodynaaic condltlona •Y be the co~use of lov leaf bioaass and prodaction. ttost of its growth 
enerqy aut bt directed to shoot division. [D this wythe barrier red .aintain a hiqh :shoot density (1200 sh/•'1 to 
reailttbeconstlntwave•ction. 
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Distribution and Preliminary Evaluation of the State of the Posidonia 
oceanica ·on the Coasts of the Gulf of Valencia (Spain, Western 

Mediterranean) 

V. BENEDITO. J. TORRES, 1.-M. GINER, J.-L. ESTEBAN, R. CAPACCIONI and A.-M. GARCIA·CARRASCOSA 

Invertebrates and Marine Biology Laboratory, Department of Animal and Cellular Biology and Parasitology, 
Faculty of Biological Sciences, Valencia University, 46100 Burjasot, Valencia (Spain) 

The studied sector of shoreline corresponds to all the coasts from 
Vinaroz (in the south of Ebro's Delta) to San Antonio cape (Alicante). 
There are several works about this area (1, 2). 

This study has been realized during two years and it is based on the 
realization of perpendicular transects to the coasts in scuba-diving with a 
one-man h}<:lroplane. There was an average of 3 Km distance between the tran
sects, from level 0 to 20 m depth. This precisely allows us to estimate the 
state of the meadows, and to observe the substitution facies distribution. 

The substitution facies are almost exclusively those of Cymodocea 
nodosa, cauleroa prolifera ( 5), Dvctiopteris mernbranacea and those of pho
tophilic algae in sheltered areas biocoenosis ( 3, 4). 

Four sectors can be diferentiated on this coast: 
- Vinaroz-Torrenostra sector. There is a significative influence of 

the Ebro river in all this zone, because of the long-shore transport ca
rries the materials fron the river towards the south. 

A general lack of E· oceanica can be observed. Only small enclaves of 
it remain in Alcocebre. 

- Torrenostra-Mijares river sector. On this strip of the coast, E. 
oceanica meadows are continuous and their represenldtion is good althoug 
there is a general regression. This regresion is especially important in 
the superior limits, where substitution facies of Q. prolifera can be nor
mally settled. This alga together with Q. mernbranacea forms large recove
rings up to 9 m depth in the shallow zones of meadows in castell6n. 

- Mijares river-Valencia sector. There are very degradated meadows in 
this sector. And in their inferior limits a great proliferation on concre
tionated masses of Lithotharnniaceae onto dead rhizome terraces can be ob
served. 

- Valencia-San Antonio cape sector. This shoreline zone is under the 
influence of great fresh-water flows because it is a coast of lagoons. 
Moreover, big amounts of sediments are also poured here through the great 
number of rivers that run into it. E- oceanica meadows are completely lost; 
sometimes buried by sediments and some others due to hard tempests. And 
concretionated masses of Lithotharnniaceae can be also found onto dead te
rraces in deep areas. In the far south of this sector (Vergel-Denia sector) 
E. oceanica meadows are found and also form barrier-reffs whicb go parallel 
along 2 Km of the coast approximately. And they are in a state of clear 
regression. 

hClH 

0 1 -c .. t. 
RttrHIIOII···· 

!StRSCQLU~BRETES~ 

TdEIIESG 

PontiiRUI~HidOIISTJPOlD!iY 
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stribution and Preliminary Evaluation of the State of the Posidonia 

oceanica Meadows on the Coasts of Alicante (Spain, Western 
Mediterranean) 

. TORRES, 1.-M. GINER, V. BENEDITO, J.-L. ESTEBAN, R. CAPACCIONI and A.-M. GARCIA-CARRASCOSA 

eriebrates and Marina Biology Laboratory, Department of Animal and Cellular Biology and Parasitology 
Faculty of Biological Sciences, Valencia University, 46100 Burjasot, Valencia (Spain) 

The -=tlldied are-a H:ci~toes tne ,;;:.ast: ,Jt r:tl ~.:a.nte oetw..:,.er- San ~ntun1o C:..ut:
c soutr~ ot F.o1g Cope. 

The E._. ocean1~a meadows are w1del, n:=presenteo along tr\1 = coast. ana t!"iet-e 
e alsG sever;o;l works about tt"1e1t- d1str1but1Cm and state. Some of 'tt"1ese vmr~.s 

E -focused on certa1n espec1t1c places •.7! ,:8) and some ot.hers are more e;;tensl
~,:;,~, With th1s won we try t:o g1·le mor-e recent lnformat1or1 aOOLtt the meadows 

Uu 5 area~ that can also be useful to show what the evolution is 1 n the last 
w :{ears. 

The work 1n the sea was developed dur1ng last two '.fEars. It consisted of the 
c.l1:atian ;:;;t perpendicular transect: to the coast 1n scut.a-div'lng with an one
n nydroplane from the level 0 to ::1) m depth. In cliff area:;. :: m appro'umatel 1 

n be somet1mes reached. 
Along tr~e coast of All cante the meadows are broal::il y di str i bL\ted :and t!"":ere 

e man\' places where thls l:liocoenos1s reaches 1ts clurea;-: st:.te. Th1s ag,....ees -vnth 
calit1es that not only have less density of human popul~tlo bLt also f:a·re a. 
all industrial activit/ or even none. The Mar1ne F:eser·n:· of Taoarce.. Nearo 
pe-Calpe sector and south of Benldwrm-Camoello can be po1nted out. -

In general, tne super1 Or 11 mi ts of the meadows start near 1·~· 1 n tr-~e :horel i
. In this way~ 1mportant E.· ~ recover1ngs can be alread':' Tound 1n tt"H? 

rst meters of the 1nfrali tor;:s:l zone on sandy and rocv1, coast:; of = smooth 
ope. These shallow :ones of the meadows are the most degradated~ and sub:st1 tu
or~ tac1es cor"respondlng. to photophilic algae :.n sheltered areas. facu?s of 
ct1opteris membranacea (4) (5}, cf Caulerpa pr-olifera aDd of C"y"modocea nodo;a 
) are settled on them. ~· prol i fer a and ~. membr.;macea form very den:se an;:; 
rge recover1ngs 1n Arener.les ~1 5Gl and south of Santa Fula. Apart from these 
terat1ons of the upper l1mits, these meadows are in ··/er·, guod conditions 1r. 
eper areas. In the plung1ng type cliffs this phanerogam gr::~ws from the bases of 
e rocky wall itself. 

The places where the lower 1 im1 ts of the meadows are 3bove :o m depth are 
st a few. Although the coverings w1th mud from this deptl"'"1 1s ver/ common~ and 
·adows are more deteriorated. 

E:~cept certain .local i t1es, several symthoms of al teratiuns can be obser•;ed 
1 along the coasta Whe,.-eas in many places these alterations are local. in ct
•rs they are gettlng quite generalized like in the Alicante-Arenales del So! 
~ctor for example. 

It is ilnportant to mention that meadows form bar"rier-reefs (5) 1n some pla
!S of this coast, although they all are in clear regt~ess1on. 

:) 
I COSTA.~.: 5ARWCmASC05A, A.ft,; !OMZO.f.:PERIS,J. Ill 

~.: SHJBIH6, 6.; VALERO, E., 1 q94, Fubllco~c~ontt Otl E.ttiO. t5l 
A,ttrJ. Cnullon dt !a Plini. :19pp. 

I 6ARC!ACARF!ASCOSA 1 A. 111. 1 !988. En: 6ui•dt libturileUdt lCJ 
liCOtuntd,tC'Ialtnc:ini.:l!-:48 pp. So~nctus llol!, E.J. 
fEd. l. Stu!C!O dt pWilltiCionu dtl !r.stttut 'liltnci~ d'Es~ Hl 
tudtSIInvrst1QiCl0.6tntriliU.t'Jiltnt!ilnl..b64pp, 

'6ARCIACARRASCOSA,ft.;SOLER, J.;BORONAT, J.;SA6UAR,J.; 181 
ESTEBAN, J. l.; &IllER,!. ft., !988,1nfarHProyteto Jnm
ttqictGn, InshtucH Viltncuni 4'Es.tudu 1 !nvtstlgluo, 
&tntriltht Viltncuno~. 
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Posidonia oceanica Barrier-Reefs at Spanish Eastern Coasts. 

Preliminary Data 

J. TORRES, A.-M. GARCIA-CARRASCOSA, V. BENEDITO, J.-L. ESTEBAN, 1.-M. GINER and R. CAPACCIONI 

lnvertabralas and Marine Biology Laboratory, Department of Animal and Cellular Biology and Parasitology, 
Faculty of Biological Sciences, Valencia University, 46100 Burjasot, Valencia (Spain) 

INTRODUCTION, 
~ ~ meadows form,. at shallov vaters, some formations 

knmm as barrier-reefs, vhich are described by several authors from diver-

~~~a~96~~. t~~co~~~~e~~a= :~~~I~er! ~!C:~' thi~52~i~L;~I:~~~i~~ 
at the spanish mediterranean coasts, although RAMOS (1983) denoted the 
existence of one barrier-reef in the south of Huertas cape. 

Hovever, in recent explorations, five of these formations have been 
de~ected in the coast of Alicante (Vergel, Portet de Moraira, Albufereta de 
Allcante, Santa Pola and Roig cape-Pilar de la Horadada). Also has been 

Aprox. Scale, 1: Z.Z50.000 

confirmed their absence in the coasts of the 
Gulf of Valencia. 

The characteristics considered by us to 
recognize this barrier-reefs are the follo
ving: 
- The rhizome stratum at the upper limit of 
e_. ~meadow rises up from the sedimen
tary substrate, reaching to ::;uch a level that 
the leaves of e_. oceanica are close to the 
water surface . 
- These elevated terraces form the reef front 
vith a parallel disposition to the coast, arrl 
located at some distance from shoreline (50-
100m). 
- The reef front acts as a breakwater, lea
ving behind it a sheltered area rather like a 
lagoon. This lagoon is characterizated by a 
high mud and sarrly-mud deposition rate, arrl 
(usually are present) by the frecuent exis
tence of cauleroo prolifera and~ 
nodosa recoverings. 

RESULTS. 
VERGEL.- At this locality, the barrier

reef forms a continuous bar parallel to sho~ 
reline along 5-6 Km, from Punta de los Moli
nos to the east of the harbour of Denia. The 
breakwaters of this harbour are located onto 
the same reef front, breacking its structure. 

The reef front is 100 m far from shoreline. The rhizome terraces reach 
3 m height and are crossed by channels of different dimensions. 

This barrier-reef shows a general regression process due to pollution, 
intensive touristic pressure and recent beach regeneration works. In most 
of its extension only remain disperse high density patches of alive shoots 
(1200 sh/m•), prevailing substitution facies of cauleroo prolifera arrl 
photophilic algae populations recovering the dead rhizomes. However the 
high developement of the rhizome terraces of the front maintains the ba
rrier-reef structure. 

In some areas the lagoon reaches 4 m depth and there are some dense 
CVmodocea nodosa meadows. Recently the sedimentation rate has been incr .. a-
3ed by the beach regeneration vorks, producing an important mud deposition. 

The most important feature of this barrier-reef is its location at an 
open coast with high hydrodynamic conditions, by its direct exposure to the 
prevalent (east) and strongest (north, northeast) winds. 

PORTET DE MORAIRA.- This small bay is lightly closed by a width exten
sion of shallow rhizome terraces of less than l m height, that form a low 
defined reef front. In this barrier-reef. the sedimentary· channels runs 
through both sides of the bay. The lagoon is very shallow arrl does not pre
sent vegetal recovering. This bay is used as a natural harbour and the 
anchorage of sportive boats damages the E.._~ barrier-reef. 

SANTA POLA.- The barrier-reef forms a continuous banner of 50 m vidth 
and 3 km length, parallel to shore. The prerecifal lagoon has been arti
ficially filled vith fine sediments to improve turistic use of the beach 
causing a serious damage to the structure. Most of the lagoon populations 
have been directly burroved under the sediment arrl the abundant mud frac
tion is easily carried out by water movement producing a high water turbi
dity that limites photosythetic activity of e_. oceanica. Moreover deposi
tion of mud burrows the alive shoots at the reef front. 

At the inner part of the reef the dead rhizome are recovered by cau
illm prolifera, photophilic algae_arrl disperse CVmodocea nodosa patches. 
At the reef front there are several sedimentary pot-holes, with important 
mud deposits in the bottom (up to 70 em) arrl dense patches of Cauleroo 
prolifera recovering the rhizome walls. 

ALBUF'ERETA DE ALICANTE.- This barrier-reef was exterrled from the south 
of Huertas cape to the Albufereta beach, forming a bar parallel to the 
coast (RAMOS, ~). Nowadays it is very regressioned, only remaining 
some dead rizome terraces near the Albufereta sportive harbour, and a small 
front at the western part of the Huertas cape. 

The construction of the harbour and the enlargement of the Almadraba 
beach have contributed to the regression of the e_. oceanica barrier reef, 
due to they have been realized onto the reef front. 

ROIG CAPE-PILAR DE LA HORADADA.- At this .area the barrier-reef is 
formed by rhizome terraces of 3 m heigth vith abundant sedimentary pot
holes and channels. At the north sector there are areas of alive shoots 
between width extensions of dead rhizome terraces which are recovered by 
photophilic algae, and by CVmodocea nodosa arrl cauleroo prolifera. The 
latter is very frequent in the pot-holes. Towards south the terraces form a 
continuous front parallel to the coast, vith less amount of dead rhizome on 
which is settled the recovering mentioned above. 

At the lagoon exists an important mud deposition arrl a ~ nodo
llil. and Cauleroo prolifera cover. This barrier-reef shows a good conserva
tion stage, although nowadays the regression symptoms are very apparent due 
to the increase of urban pressure. 
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Etude Lepidochronologique de Posidonia oceanica dans Ia region 

d' Alger (Algerie) : Donnees Preliminaires 

Rachid SEMROUD", Souad MEZEGRANE"" et Latifa SOLTANE"" 

"LB.M.E.B., Facult& des Sciences de Luminy, 13288 Marseille C&dex 9 (France) 
""I.S.N., Universit& des Sciences et de Ia Technologie H.B., BP.39, El Alia, Bab-Ezzouar, Alger (Algerie) 

Dans le cadre d'une etude generale de l'ecosysteme a Posidonia oceanica de Ia region d'Alger, nous nous 
sommes appliques a mettre en oeuvre une nouvelle methode d'investigation des herbiers : Ia 
lepidochronologie. Cette technique, basee sur les variations d'epaisseur des ecailles, presentes le long des 
rhizomes (PER GENT et al., 1989), permet d'apprehender Ia structure et Ia dynamique actuelles et passees 
de l'herbier (nombre de feuilles produites par an, vitesse de croissance et production de rhizome, 
paleofloraison ... ). 

Les prelevements ont ete effectues dans deux stations (farnentefoust et Marsa), situees a !'Est de !a baie 
d'Alger, de part et d'autre du cap Matifou. En Avril 1989, 10 rhizomes orthotropes ont ete recoltes, a 
chaque station, en scaphandre autonome, a 2 et 8 metres de profondeur. 
L'etude lepidochronologique de ces rhizomes est realisee selon le protocole decrit par PERGENT (1987). 

Les principaux parametres etudies sont (i) l'epaisseur moyenne des cycles (amplitude); (ii) le nombre 
d'ecailles par cycle (periode); (iii) Ia date d'inversion des cycles; (iv) Ia vitesse de croissance et Ia 
production de rhizome (fableau n. 

Deasili de l'herbier (faiso:/m') 
Epliaaeur des cycles (pm) 

Nombre d'laliDes par cycle 
Vitesse de croissance des Rhizomes (min) 
Production de Rhizome (mg psI Rh • an) 
Production de Rhizome (g psI m' , an ,) 

StationMarsa 
(-2m) (-8m) 

476.0 172.0 
573.6 666.4 

9.2 9.8 
7.2 12.7 

63.3 123.2 
30.1 21.2 

Station Tamentroust 
(-2m) (-8m) 

275.0 114.0 
594.0 707.3 

8.7 9.0 
6.8 7.0 

88.8 72.3 
24.4 8.2 

Tableau I: Principaux parametres Mpidochronologiques de l'herbier a Posidonia oceanica de Ia region d'Alger. 

Les resultats que nous obtenons sont comparables a ceux releves dans Ia litterature (fableau II), pour des 
stations situees a des profondeurs equivalentes. 

Toutefois, l'epliisseur moyenne des ecailles semble plus importante que pour les autres Iocalites etudiees. 
Le nombre d'6cailles par cycle, que nous ·observons, est toujours plus important, que Ies valeurs avancees 
par les autres auteilrs, ce qui a pour consequence une production de rhizome beaucoup plus elevee (123 
me de poids sec par rhizome et par an a Ia stanon Marsa - 8 m). 

BOUDOURESQUE PERGENT PERG~ 

eta!., 1983 1987 etal., 1988 
Galeria Port-Cros Port-Cros Banyuls lzmir Kerkennab Marseille 
(-8m) (-2m) (-2ml-llm) (-2m/-12m) (·2m) (-2m) (·8m) 

Dellllli de l'berbler (faiso:Jm') 470 640 6451317 1163/335 510 600 550 
Epalloeur des cydea (pm) 530/508 492/600 616.0 613.0 
Nombre d'laliDes par cycle 7.9/7.1 7.6 7.0 7.8 8.1 
Vitesse de croissance des Rhizomes (mm) 6.7/7.6 8.6/6.4 7.5 H.9 
Prodactioade rhizome (mg psi Rb. an) 76 43 59.4/80.2 51.3157.8 
Production de rhizome (g pal m" • an) 42 28 38.3125.4 59.7/30.9 

Tableau II : Diffbents parametres (densit6 de l'herbier, nombre d'&:ailles par cycle, epaisseur moyenne, vitesse de croissance 
et production de rhizomes) de l'berbier ll Posidonia oceanica; relev~ dans Ia Iitll!rature, pour diff6renres locali~ et 

profondelllll. 

Remerciemcnts : Nous remercions Christine et Gerard PERGENT pour leur participation a Ia mise en 
forme de cc document. 
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Phenologie de Posidonia oceanica dans Ia region d'Aiger (Algerie) 
Donnees Preliminaires sur Ia Biometrie Foliaire 

Rachid SEMROUD" , Na'ima BENKORTEBY"" et Fatima-Zohra TAMOUZA'' 

"L.B.M.E.B., Faculte des Sciences de Luminy, 13288 Marseille Cedex 9 (France) 
""I.S.N .. Universit& des Sciences et de Ia Technologie H.B., BP.39, El Alia. Bab-Ezzouar, Alger (Algerie: 

La phenologie des herbiers a Posidonia oceanica est bien connue dans le bassin Nord de Ia Meditcmu 
(GIRAUD et al., 1977; ROMERO-MARTINENGO, 1985; PANA YOTIDIS, 1986; CALTAGIRm 
1986; PERGENT et PERGENT-MARTINI, 1988). En revanche, Ies donnees concernant les cf>tes No 
Africaines sont fragmentaires ou tres anciennes (MOLINIER et PICARD, 1953; FARGHAL Y 
DENIZOT, 1984; PERGENTetPERGENT-MARTINI, 1988). 
L'analyse de Ia phenologie des herbiers a Posidonia oceanica, que nous avons entrepris sur le Jitto 
algerien, est une premiere approche qui s'inscrit dans un programme plus vaste d'etude 
fonctionnement de cet ecosysteme si Iargement represente sur nos cotes. 

Les deux stations etudiees sont situees a !'Est de Ia baie d' Alger de part et d'autre du cap Matifou : 
La station de Tamentefoust (ex La Perouse) a l'interieur de Ia baie correspond a une zone calme 

bien protegee. 
La station de Marsa (ex Gembart) a !'Est du cap est situee dans une zone ll fort hydrodynamism 

Pour chaque site, les prelevements sont r6alises, en plongee en scaphandre autonome, A deux profondel 
(2 et 8 metres). Chaque recolte est constituee de 5 replicats de 15 rhizomes orthotropes, termines par 
faisceau vivant, et distants d'1 metre Jes uns des autres. 75 faisceaux ont ainsi ete recoltes, tollS les 11'1 
mois, entre A vril1988 et Juillet 1989: 
L'etude phenologique de ces faisceaux est realisee selon le protocole decrit par GIRAUD (1977). 

Les principaux parametres etudies sont (i) le nombre de feuilles adultes et intermediaires; (ii) Ia biomet 
foliaire (longueur, largeur, longueur de Ia base); (iii) le coefficient A(% de feuilles ayant perdu leur ape 
in GIRAUD, 1977); (iv) le Leaf Area Index (fableau I). 

StationMarsa Station Tamentroust 
(-2m) (-8m) (-2111) (-8m) 

Densite (Nombre de faiS<:eaux _IJ_ar m') 476 172 275 114 
Nbre moyen de Feuilles par Faisceaux 5.8 6.3 5.9 5.8 
Longueur moyenne des Feuilles (en mm) 

Feuillesadultes 176.0 391.6 217.0 287.9 
Feuilles interm&liaires 173.0 276.2 173.0 197.2 

Largeur moyenne des Feuilles (en mm) 10.8 11.2 11.0 10.3 
Longueur moyenne de Ia Base (en mm) 27.3 41.7 33.3 32.3 
Coefficient "A" moyen (en%) 

Feuilles Adultes 98.7 96.9 99.9 91.0 
Feuilles interm&liaires 51.1 34.5 38.3 26.7 
Global (Ad. +Int.) 76.5 67.7 70,4 59.7 

Leaf Area Index moyen/ Faisceaux (en em') 108.2 238.9 122.5 150.2 
Leaf Area Index moyen/ m' (m'/m') 5.2 4.1 3.4 1.7 

Tableau I : Principaux parametres phtnologiques de l'herbier 11 Posidonia oceanica de Ia region d' Alger. 

Dans !'ensemble, nos resultats sont comparables aux donnees de Ia litterature pour des stations s.itueel 
des profondeurs equivalentes (fableau rn. Toutefois, il faut noter que Ia largeur des fcuillc-s c 
generalement plus elevee que dans les autres localites (fableau II) avec des feuilles pouvant atteindre 
mm de large a Marsa.et 13 mm a Tamentfoust. 

OIRAUDetal., BAY, CALTAGIRONE, PERGilNT et PERGilNT-MARTINl, 
1977 1978 1986 1988 

Corse Cassis Corse Italic Tmquie Port-Cros B8ll}'llls Bit= 
(-!Om) i (-!Om) (-!Om) (-2m) (-!Om) (-2m) (-2m) 1(-llm) (-2m) [(-12m) 

Nbre Feuilles/ Paise. 6.0 5.2 7.7 8.0 6.4 5.8 5.4 5.1 5.4 
Long. Feuilles (mm) 

F.adultes 406.4 670.5 355.0 401.0 395.0 115.0 303.0 
F. interm6liaires 239.0 306.0 258.0 111.0 201.0 

I Larg. Feuilles (mm) 9.6 10.0 9.7 9.8 10.4 8.3 9.8 
Long. Base (mm) 32.9 38.0 28.2 32.9 34.9 17.1 27.0 
Coef. "A"(%) 

F.Adultes 74.0 64.6 27.5 94.9 56.8 
F. intermtdiaires 11.2 27.0 3.8 41.7 14.4 
Global (Ad. + Int.) 48.1 51.2 19.2 79.4 44.4 

L.A. J:/Faisc. (em') 469.2 410.8 298.6 510.0 130.0 153.0 133.0 37.0 72.0 
L.A.I./m'/m' 51.6 18.6 11.8 14.5 20.7 6.1 9.9 4.2 4.3 3.9 

Tableau II : Caracteristiques pMnologiques (Nbre de feuilles/faisceaux, biomttrie, Coefficient "A", et L.AJ.) relevtes dans 
litt6rature, pour difftrentes localit~ et profondeurs. 
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Live Posidonia oceanica in a Corraligenous Algal Bank at Sulana Bay, 

Corsica 

Charles F. BOUOOURESOUE•, Charles H. BIANCONI .. and Alexandre MEINESZ' .. 

·LB.M.E.B., Facult9 des Sciences de Luminy, 13288 Marseille C&dex 9 (France) 
.. Pare Natural Regional de Ia Corse, Galeria, Haute Corse (France) 

•••Environnement Marin Littoral, Universite de Nice, 06034 Nice Cedex (France) 

The depth of Posidonia oceanica (L.) Delile prairie lower limits seems to be 
more constant than previOusly thought, at least in the western Mediterranean 
basin : 34-36(38)m around Port-Cros Island, France (HARMELIN and LABOREL 
1976), 30-32(39)m around Ischia Island, Italy (COLAN TONI et al. 1982), and 
35-37 m in Elbu Bay. Corsica. --

At Sulana Bay (South of Elbu Bay), beneath the lower limit of the P. oceanica 
prairie, scattered P. oceanica shoots were discovered living within a corallige
nous algal bank of Pseudolithophyllum cs.biochae Boudouresque et Vcrlaque 
(Rhodophyta, Corallinaceae), 43-44 m depth : 20-30 shoots/100m 2 ; some of 
them were collected in July, 1984. They consist of a live rhizome (pink on 
section) 10-20 em long with a single (rarely 2-3) leaf bundle, tightly wedged 
into coralligenous crevices, but not definitely attached or rooted. Leaves are 
rather short (40-50 em) and 9-10 mm width. A lepidochronological analysis 
of rhizome scales (leaf sheaths remaining on rhizomes after limb shedding) was 
performed ; a sharp decline of the rhizome growth rate occurs in 1976 for rhi
zome Nr 1 (Table I) ; this decline is gradual (1974 to 1976) for rhizome Nr 2 ; 
the rhizome Nr 3 is of special interest because of its shape (Fig. 1) : the part 
corresponding to years 1971 to 1978 is horizontal ; nevertheless, the scale ar
rangement, together with the number of scales per year, clearly indicate that 
this part of the rhizome was not creeping but vertical, at the time when leaves 
corresponding to present scales were alive ; beneath the bend (year 1979), 
scale arrangement and number of scales per year are in accordance with the in 
situ vertical position of the rhizome. -

Fig. 1 : Posidonia oceanica shoot (Nr 3) living within a 
coralligenous algal hank at Sulana Bay, Corsica, The 
rhizome is partitioned according to annual growth, from 
1971 to 1983 ; 1984 is the on-going year. 

1980 

It is hypothesized that the material studied corresponds to drifting rhizomes 
uprooted during storms in shallow prairies ; the sharp or gradual decline in 
growth rate (associated ·or not with bending of the rhizome) could indicate the 
year of arrival : 1974 (rhizome Nr 2), 1976 (Nr 1) and 1979 (Nr 3). The par
tial recovery of the growth, together with the successful setting of new 
branchs, which occurs in 1982 and 1983 (Nr 1 and 2) seem to mean that the 
transplantation stress is over. 

Rhizome Nr 

Year 

1983 8 6* 10 10" 5 4 
1982 10 5 10 9" 6 5 
1981 6 2 8 5* 6 5 
1980 8 2 6 4* 4 3 
1979 8 3 6 6 10 10 
1978 6 2 9 8 9 
1977 8 2 7 6 7 
1976 8 4 9 8 8 

Table I : Lepidoc.hronologicsl ana
lisis of P. oceanic.a rhizomes (Nr 
1, 2 and 3). The on-going year 
(1984) is removed. S ~ number of 
scales per year. L ~ lenghening of 
the rhizome (mm/yr). * ~ occurren
ce of a dead branch.. o = occurren
ce of a Jiving branch, At the. lo
wer part of rhizomes, scales were 
in bad condition : their number, 
which may prove to be inaccurate, 
is omitted. 

1975 8 12 15 
1974 7 13 20 The survival of drift shoots for 
1973 8 23 12 up to 10 years, several meters 
1972 8 28 13 below the lower limit of genuine 
1971 6 23 15 prairies, is not inconsistent with 
1970 6 23 the generally accepted opi-
1969 6 26 nion that this lower liMit corres-
1968 7 ponds to the seagrass compensa-
1967 6 tion depth ; dealing with a spe-
1966 7 cies in which growth is excee-
1965 7 ding1y slow and life span covers 
1964 9 several centuries, even millenia, 
1963 7 compensation depth must be esti-
----------------------------------------- mated over long periods. A 

shower of rooted shoots probably 
lands nearly everywhere after storms ; the coralligneous banks offer them the 
opportunity of being wedged into crevices ; although it is clear that they do 
not develop even small beds, they are able to survive and to grow, but they 
probably do not survive unfavorable periods (e.g. years with poor light ba
lance). As a result, the presence of scattered P. oceanica shoots within coral
Jigenous banks of Sulana is not to be regarded as a downward spreading of 
the P. oceanica prairie, or as relics left by the upward retreat of this prai
rie ; HARTOG's (1977) hypothesis, which suggests that the slow upward 
spreading of coralligenous banks after the last glacial period and the rise of 
the sea level is not completely over, is not supported by our results. 

ACKNOWLEDGEMENTS : This work was supported by the French Ministere de 1' Envi
ronnement, the Pare Naturel Regional de la Corse, the EEC "Functional approach 
to the Posidonia ecosystem of the Mediterranean" programme and GIS POSIDONIE. 
The authors are endebted to Jean Robert LEFEVRE for diving assistance and to 
Anthony McKENNA for checking of the English text. 
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Le Reseau de Surveillance des Herbiers de Posidonies mis en place en 

Region de Provence-Alpes-Cote d'Azur (France) 
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Les herbiers a Posidonia oceanica (Linnaeus) Delile constituent l'un des ecosystemes 
les plus importants de Mediterrs.nee pour l'economie generale de ses espaces litto
raux : (i) production primaire considerable, exportation d'une grande partie de 
cctte production (sons forme de detritus) vers d'autres ecosystemes ; (ii) abri, site 
d'alimentation, frayere ou nurserie pour de nombreuses cspeces ; (iii) stabilisation 
des fonds sableux et controle du profil d'equilibre des rivages sableux (BOUDOU
RESQUE et MEINESZ, 1982 ; MAZZELLA et al., 1986 ; etc). Un peu partout en Me
diterranee, et principalement au voisinage des grands centres industrialo-portuai
res, les her biers a P. oceanica ant regresse, dans des pt·oportions parfois conside
rables ; les causes en sont la pollution, Jes amenagements littoraux, la trap forte 
pression d'ancrage ou de chalutage, la modification des flux sedimentaires et le 
desequilibre du fonctionnement de l'ecosysteme (BOURCIER, 1982 ; ARDIZZONE et 
PELUSI, 1983 ; MEINESZ et al., 1985 ; etc). 

Au cours de la derniere decennie, d'importants efforts ont ete accomplis le long du 
littoral PACA (Provence-Alpes-Cote d'Azur), dans le cadre du PAL (Plan d'assainis
sement du littoral) : limitation des rejets de polluants, stations d'epuration, rejets 
en profondeur (MEINESZ et al., 1985). Il est apparu necessaire de surveiller !'evo
lution des herbiers a P. oceanica et de leurs limites pour savoir si leur regression 
se poursuit. En considerant l'herbier comme un indicateur biologique de la qualite 
globale des eaux, cette surveillance permet en outre de veritier l'efficacite dca 
efforts accomplis. 

C'est la raison pour laquelle le Conseil Regional PACA a mis en place, a partir de 
1984, le "Reseau de Surveillance Posidonie". Celui-ci s'appuie sur une collaboration 
originale entre (i) les elus (Conseil Regional, Conseil General des Alpes-Maritimes), 
(ii) les services de l'Etat (Services Maritimes et DDE des Bouches-du-Rhone, du 

50km 

Fig • 1 Emplacement des sites surveilles par ie 
Reseau de Surveillance Posidonies. 

Toulon 

Var et des Alpes-Maritimes) et (iii) les Umversnes de 1a region. La mattrise 
d'ouvrage est sssuree par Ie GIS Posidonie. 

La mise en place du Reseau de Surveillance Posidonie est maintenant terminee. 11 
comporte (Fig. 1) 12 balisages profonds et 12 sites superficiels de surveillance par 
photogrs.phies aeriennes ; d'Ouest en Est : Csrry-le-Rouet, Prado (Marseille), La 
Ciotat, Le Bruse, Giens, Porquerolles, Saint-Aygulf, Bormes, Cap Lardier, Gri
maud, Cannes, Iles de Le:t:ins, Golfe-Juan, Bacon et Villefranche-sur-Mer. Les bali
sages sont installes en profondeur, a la limite inferieure de l'herbier ; cheque 
balisuge est constitue psr une serie de 12 baliscs en beton (50 kg), a 5 m d'inter
valle ; elles sont photographiees selon un processus rigoureusement standardise 
(Fig. 2) ; elles servent en outre de reperes pour des observations et des preleve
ments complementaires (granulometrie du sediment, densite des faisceaux, biometrie, 
lepidochronologie, biomasse des epiphytes, etc). En ce qui concerne la limite supe
rieure de l'herbier, des photos aeriennes sont prises selon un processus standardise 
(altitude, objectif, heure, etc) ; elles sont ensuite traitees pour corriger lea 
deformations dues a la para1axe (ortho-photoplsns) ; sur chaque site, des verites
mer permettent de selectionner une dizaine de structures et d'en identifier la nature 
(intermattes, sable, matte morte, tombants de matte) et la position. Le :retour sur 
chaque site (balisages profonds et sites superficiels) s'effectue avec un pas de 
temps de trois ans. 
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Reproductive cycle of Posidonia oceanica 

lucia MAZZELLA and Maria Cristina BUtA 

laboratorio di Ecologia del Benthos, Stazione Zoologica di Napoli, 80077 Ischia (Italy) 

studies on the reproductive cycle of Posidonia oceanica were 
conducted in situ in a meadow off Lacco Ameno, Ischia (Gulf of Naples) 
along a depth transect from 1m to 32m for several years. Occurrence of 
both flowering and fruiting were recorded over a long temporal scale. 
simultaneous measurements of leaf biomass and production were performed 
in different stands of the same meadow. 

P. oceanica flowering had occurred almost every year since 1979. 
Fruiting was not always recorded, and dead inflorescemces at an initial 
fruiting stage were often found. Between shallow (up to 15m) and deep 
stands (from 15m to 28m) P. oceanica showed a persistent phase
difference, whereby there was a flowering delay of about two months in 
the deep meadows, always following the summer maximum te~perature. In 
shallow beds the f~rst flowers were usually recorded 1n September, 
occasionally at the beginning of October. In the deep meadows this 
stage was observed in November or beginning of December. Fruit 
developed from December to March-April in shallow stands, and from 
February to May-June, sometimes to July, in deep stands (Fig. 1) . After 
fruit maturation, this floats on the water surface transported by 
water movements and once opened, the seed might germinate in areas far 
from the mother meadows. Germination was studied only once at 
environment light and temperature. This phenomenon seems to be 
succesfull and almost 70% of collected fruits germinated. At the time 
of collection (end of May) the seeds already beared the cotyledon, very 
young leaves and a primitive root. This finding excludes seed dormancy. 
After one month the seedlings had an average of 5 leaves and 2 roots 
per shoot. The maximum leaf number (11) in seedlings kept in an 
aquarium was found after 3 months (August) following germination (BUIA 
& MAZZELLA, in press). 

In situ, production of new leaves on mature plants occurs almost 
continuosly. However the maximum leaf appearence was recorded from 
August to October in shallow stands and from October to November in 
deep stands. The leaf growth also showed a persistent phase-difference 
between stands at different depths. Two peaks in leaf production have 
been found at 5m, one in October-November and one in March-April for 
the shallow plants, while for the deep plants only one peak has been 
recorded in April-June. The lowest growth rate was found to be in 
summer at shallow stands and in autumn for deep ones. In shallow 
meadows the highest leaf biomass was consequently found from March to 
June reaching 965mg per shoot, while at deep stands the maximum was 
reached from April-May to July-August with 899 mg per shoot. The lowest 
values of biomass were found from September to November in shallow 
waters, after the period coinciding with maximum leaf shedding and 
after the minimum growth rate, and from November to February in the 
deep stations, preceeding the maximum growth period (Fig. 2a, 2b). 
These minimum biomass values seem to coincide with the appearence of 
flowers. The epiphyte biomass trends reflected those of the leaves, but 
in following years great differences in values were found in both 
stations (Fig. 2a, 2b) (BUIA et al., in press). 

Rhizome growth, followed in a shallow stand of the same prairie, 
differed according to rhizome type. The plagiotrope rhizome had a 
9rowth of 4. 1cm per year while the orthotrope showed an elongation of 
1.5-l.Scm per year (PIRC, 1983). In the same stand, similar findings 
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were recorded by WITTMANN (1984): yearly production of 274mg per shoot 
for plagiotrope rhizomes and 30mg for the orthotropes. 

Temperature and quantum irradiance changes during one year seem to 
regulate the reproductive cycle of P. oceanica. Moreover, sedimentation 
rate can be of fundamental importance for growth processes. 
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B-I2o 
A Compared Phenology between the Mar Menor (Murcia, S.E. Spain) 

seaweeds and the Mediterranean ones 

1.-M. PEREZ-RUZAFA 

Departamento de 8io!og1a Vegetal I, Facultad de Biologia. Universidad Complutense de Mad:rd (Espana} 

Mar Menor is a coastal-lagoon placed in the South East of 
Spain. Its area is about 135 km2 and its deepest profundity is 6.5 m. 
The salinity varies between 42Y.. and 49%. along the year. Its water is 
oligotrophic and the temperature varies between 92C minimum and 312C 
maxi mum ( PEREZ-RUZAFA, 1989 l • 

A research on 75 benthic macrophytes species has been carried 
out in the period 1985-1987. They were taken from 124 samples: 40 in 
Spring <March-November), 46 in Summer <June-August), 18 in Autumn 
<September-November} and 20 in Winter (December-February). The patterns 
carried out by CORMACr ;;:!;_ <!_!_,._ ( 1984l in their study about the 
reproduction in East Sicily Ceramiales has been followed. The 
comparation has been made with the phenology data given by FELDMANN 
(1937-42), RrBERA <1983>, BARCELO <!987) and SDTO (1987l. 

Summer has been the season with the highest number of species 
(60 taxa) present in the zone, followed by Spring (54 ta><a), Winter (45 
ta><a> and Autumn <38 taxa). Only 26 of the 75 studied taxa fit to the 
vital-cycles described for the Mediterranean sea~ All the rest choose 
different strategies in order to adapt themselves to the notable 
seasonal dynamism of the lagoon. 

During the warmest mounths the number of taxa with a tropical 

affinity increases <~s~.:t~2~1~.r:..i~ .!;~]Y.S!:I1.!::!2, .9l?.i9.i~p fQI~lll.!:~!!.'' 
.§py.r.i.Q.i~ f.il~!!Jg.!:!Q.§~, etc). The presence of Boreal taxa, however, 
hasn't been observed during the> Winter period. 

Other taxa have been only observed in the lagoon when they are 
more frecuent in the Mediterranean sea. We are talking about hJ!:.~.!)ggl_t~ 

Q.§'.!:i.Sill!?.!:~' 8I:!.i!b.§~!:l.9."!) fi:!J.!;.i2.:!:.~p' .§.!YQ.Q£~~12!:1 2f.QQ~!:.i.!::'!P' !?lf!Y.2.!~ 
2ifb.9!.Q!!l~, ~.Q.§.!:St~·.?~.!:.i§'115 fr:.Y!..i.£~12.§~ and !;§lli!bE!ll!l.iS'."O ~Q!:Y.P.9.9.?!:!!TI· 
During the co I d mounths E~Q.i!:l.§ Q~~.e.!:lf!?, Bl.?l.sl..!!:::l£!1 fQ!..§llli:!:!ID, 
~.Y.?!2.§.§'.i!:!? fQ!!YE~.~.§.§~ and f.!. .§.!:fggg~J..Sl...! disappear from the J ago on. 

Species that are fertile during the whole year in the 
Mediterranean sea tend to be unfet·tile or just disappear in the lagoon 
during Autumn-Winter. That is the behaviour of fg.?liE?-11.<! f!?!:i!!.9~.§!, 

~bQD!::!.!:i~ !E'D.kll.§2i.P.§, !jgi.E2§..!2bQ!J.!~ .§g£~.!!.2~, 1..!!~.!:22~!:~~ llJ:Qr~lg and 
£:b.Y].Q!;].§.QiE .!'§>L~i.sill!!!~ · 

In other cases the species usually loose some parts of their 
thallus during Autumn and Winter. This is the strategy of .§Qb~.sgl~I.i~ 

r.igi.£!~12, .§..! !r:_LQ.Y1.9i2E>E, §~ll.9l!:!!!i .S!:.i!:.§l§> Y ~1~22Eb.9r.~ spp · 
~1.§.2.9!?b2£.9Q.§i.§ !!IQQQ.!]§'".!:\.?12' ft.!;§'!.§Qhl1.§£.t~ ~.S§'!~Q!:!l.!::!!!t y 

.?.iP.b.QDfl.Sl~.Q~.§ Q~-2111~2 are fertile during the warm season in the 
Mediterranean sea. In the 1 agoon they have a precocious development 
CFebruary-f\1.arch}, related to the swift rissing of the temperature of 
the lagoon. 

~S.i2.~~'C~~~ ~i!J .. ~'=!.!..I?..~I:!~' an opportunist species appears in Mar 
Menor in Autumn and Spring, when the pioneer communities settle the 
lagoon. 

In the Mediterranean sea (Figure 1) the presence of the taxa 
is almost stabilized (77-86%) along the year. In the lagoon a deep 
seasonal fluctuation apoears <79-89% in Spring-Summer to 54-56~ in 
Autumn-Winter}. 

14 1 ight decrease of tile ma>:imum ferti 1 i ty can tJe obsE-1-ved 
this Jugoon comparing it with the f'leditl?rr·anedn SE'il (55/. the 
MediterJanean sea and 47% in f"lar· Menor). The presence and feT-tility 
tlF~>.tP a simi la1- behaviour, we mean that lrr the f"IE?diter rane-an sea the 
fer·tility index is stabilized <55-4f-t%} and in Mar Menor l-.tE? see a 
clear seasonality <47-49Y. in Spring-Summer and a 20-17'l. Autumn-
Winter). 

The plants that settle these environments modify their 
phenologic behaviour from the one that they have in the close 
Mediterranean sea. In Mar Menor we can seE" a clear unfavorable period 
during Autumn-Winter specially in Rhodophyceae, they are reduced to a 
24"/. i>1 the cold mounths. In the Mediterranean sea the ma><imum decrease 
is in Autumn <68X}. 

The percentage of annual ta><a against the perennial ones is, 
here, higher than in the Mediterranean sea. MATHIESON & PENNIMAN <1986l 
observed the same in the stuary of New Hampshire (USA}. 
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Figu,-e 1. PercentagC?s of taxa p1·esent in each ( la1·gt:• circlr.) ,"Jnd 

percentage of fertile taxa in eac:h se-ason (small cir·cle) the 
f"ledi teranean sea <A) and Mar· t'lenor (8). 
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3-121 
Cycle de Bioaccumulation du Cu, Cd et Cr dans les ecailles de 

Posidonia oceanica 

P. PANAYOTIDIS, P. MAKRIS et V.-A. CATSIKI 

Centra National de Recherche de Ia Mer, 16604 Agios Kosmas, Athanas (Grace) 

L' existence de variations cycl iques de l' epaisseur des 

ecai lles du rhizome de P. oceanica, decri tes par Per gent et aL 

(1983) sous le terme de lepidochronologie, nous a conduit a la 

redaction d' un proto cole experimental (Panayotidis & Makris, 

1989), permettant 1' etude du cycle annuel de bioaccumulation de 

metaux lourds par la plante. 

Nous presentons ici les premiers resultats de bioaccumula-

t ion du Cu, Cd & Cr dans les ecai lles dont l' age a ete determine 

a l 'aide de l' analyse lepidochronologique. 

Des rhizomes orthotropes de P. oceanica ant ete recol tes a 
Agios Kosmas (Saronikos, Grece), vers 3 m de profondeur. Les re

coltes ant ete effectuees en plongee le 28/4/88. 

Nous avons numerate dix ecailles (de 1 a 1 0) en fonction de 

leur position sur le rhizome. L' ecaille se trouvant juste en 

dessous de la premiere feuille porte le rang n°l. tes eeaii"les du 

meme rang ant ete par la suite regroupees en dix lots pour le 

dosage des metaux lourds (UNEP, 1982). 

FIGURE 1 
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La Figure 1 montre la comparaison du cycle lepidochronolo

gique avec les cycles de bioaccumulation du Cu, Cd & Cr. Les 

concentrations des metaux Cu & Cr dans les ecailles presentent 

une corelation negative significative avec 1' epaisseur des 

ecailles. En ce qui cone erne le Cd, le cycle annuel de bioaccu

mulation presente le meme aspect general, mais la correlation 

de la concentration avec 1, epaisseur des ecailles n' est pas 

significative. 

Nous pouvons done cone lure que 1' etude de bioaccumulation 

du Cu, Cd & Cr dans les ecailles du rhizome de P. oceanica, dont 

1' age a ete determine a 1' aide d' une lepidochronologique, 

soutienne 1' hypothese d' un cycle annuel de bioaccumulation de 

ces metaux lourds par la plante. 

PANAYOTIDIS P. & MAKRIS P., 1989. The technique of lepido

chronology of Posidonia oceanica as a posible way to identify 

heavy metal and radioelement pollution. Posidonia Newsletter, 2 

(1): 51. 
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cycliques dans les ecailles des rhizomes de Posidonia oceanica. 
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UNEP, 1982. Determination of total Cd, Zn, Pd & Cu in 

selected marine organisms by atomic absorption spectrometry. 

Reference methods for Marine Polution Studies, n°11:1-21. 
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Bioaccumulation of Heavy Metals in Posidonia oceanica (L.) Delile and 

Cymodocea nodosa (Ucria) Aschers. at an uncontamited site in the 
East Coast of Spain 

C. SANCHIZ", V. BENEDITO", A. PASTOR .. and A.-M. GARCIA-CARRASCOSA" 

"Department of Animal Biology, Zoology (Invertebrates) and Marine Biology, Faculty of Biology,Burjassot, 
Valencia (Spain) 

.. Department of Analytical Chemistry, Faculty of Chemistry, Burjassot, Valencia (Spain) 

Introduction and methodology. 
The scarce bibliographic references to heavy metal content in medite

rranean seagrasses g1ve data on mercury (AUgier et al., 1975, 1977, 
etc.) and other metals (CatslKi et a!., 1957). Despite the fact that 1n 
these worKs heavy metal concentrat1ons are compared in dlfferent sea
grass species and different fractions of the plants, Knowledge 1n this 
fJ.eld is still 1ncomp1ete, s1nce there are no data on some important 
elements, l1Ke Pb or Zn. 

In the present study, we compare Hs. Cd, Pb and Zn concentratJ.ons 111 
sed1ment, detached dead leaves and several anatom1c parts of Posidonia 
oceanica and Cymodocea nodosa collected at an unconta~mnated s1te 
(Punta dels Molins, Den1a, Alacant, Spaln) in November 1959. 

Plants were fractionated at the laboratory 1nto roots, r1zomes, young 
leaves and old leaves for Cymodocea nodosa and rizomes, young leaves, 
basal parts of old leaves and apical parts of old leaves for Pos1don1a 
oceanica. All the leaves (inc 1 uded detached dead ones) were scraped 
to remove eplphytes and r1nsed with ultrapure water. Analysis was ca
rrled out with PerKin Elmer AAS equ1pment on the <250 l)m fract1on of 
lyophilised sedlments and on lyophllised plant mater1a1 after warm 
digestion Wlth concentrated nltric acld. 

Results and discussion. 
Values obtalned for sediment are comparable to levels found at uncon

ta~mnated zones of the Mediterranean (Hernandez et al. , 1955). All the 
metals except lead were more concentrated ln the plant organs than J.n 
the sediment. The metal concentration 1n the different parts of the 
Plant, 1n both spec 1es, increased general! y in the order: rizomes < 
roots <= young leaves <= old leaves (in P. oceanica, basal parts < dis
tal parts) < dead leaves; as was also foun-j bY Augler et al., 1976, 
1977; CatslKl et al., 1957; Lyngby & Br1x. 1989; etc. Values for both 
species were qu1.te simll ar, but with some dl fference. wt,ereas concen
tratl.on of Cd 1n c. nodosa is much ):usher in dead leaves than 1n old 
leaves, the oppos1te is the case in P. oceanica. Thls can be due to the 
fact that a cons1derable amount of cadnnum, unliKe other metals, is 
conta1ned 1n the soluble fract1on of the leaves (Fabrls et el., 1982), 
and lost during thelr senescence (Lyngby & Br1x, 1959), while a new 
cadnuum could be adsorbed by the empty walls of decomposing cells. 
Spec1f1c dlfferences in the amount of cadnuum conta1ned l.n that soluble 
fraction and in chemical characteristics of detritus could explain the 
differences observed. 

Values of Hg and Cd content in the two species can generally be con
sidered sim11ar to those found by other authors, ment1oned above, at 
unconta.m~nated zones of the Medlterranean. 

Pb and Zn levels are comparable to the ones found 1n other seagrass 
species in other geographic regions Wlth a low degree of contamlnau.on 
(Ward, 1989; NlenhUlS, 1956). 
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B-Ill 

Facteurs agissant sur Ia germination de Cymodocea nodosa 

Gilberta CAYE et Alexandra MEINESZ 

Laboratoira d'Environnamant marin littoral, Pare Valrosa, Univarsite da Nice, 06034 Nice Cedex (France) 

Sur le littoral du Sud-Est de Ia France, a Port-Cros, a Golfe Juan, dans Ia Baie des Anges a 
Nice, les graines de C. nodosa (Ucria) Ascherson persistent en abondance toute l'annee dans le 
sed!ment des herbiers. L'abondance des graines dans le sediment est lie a Ia densite des herbiers, 
vanant de 220 graines par rn2 dans l'herbier dense de Golfe-Juan a moins de 100 graines par rn2 dans 
les autres sites (CA YE et MEINESZ, 1985). 

Cependant, en depit de cette relative abondance des graines en reserve dans le sediment, les 
observations concernant Ia germination de cette espece in situ sur le littoral fran~tais sont 
exceptionnelles. Au contraire, a Ischia (Italie du sud), des germinations abondantes de C. nodosa in 
situ ont ere signalees (PIRC et al., 1983). 

Les resultats d'un ensemble d'experiences menees en aquarium et in vitro sur les facteurs 
agissant sur Ia germination de C. nodosa sont ·exposes dans cet article. 

1 - Longevite des graines. 
Dans les herbiers, les graines de C. nodosa de l'annee precedente sont encore abondantes a 

l'auto~e ce qui montre qu'elles ont peu ou pas germe et qu'elles peuvent survivre dans le sediment 
au moms un an. 

En aquarium, cinq experiences realisees de 1983 a 1986 ont montre une survie maximum de 16 
a 1~ mois apres la date de maturation des graines en novembre. Pendant toute cette periode, les 
grames sont capables de germer si les conditions sont favorables. 

2 - Effet de Ia salinite. 
Dans l'ea.u de mer, a la.sal~nite normale (37 a 38%0

), le pourcentage de germination de C. 
nodosa est fatble et Ia germmatton est tres lente (1,24% en 1 an), soit 2 graines par rn2 dans un 
herbier dense et moins d'une graine par rn2 dans les autres sites du littoral franyais. 

Dans l'eau ~aumatre, el! ~onction de Ia salinite, Ia germination est plus ou moins Iente, 
ech~lonnee et parue~e: a Ia salmtte de 27%0

, les premieres germinations apparaissent le 22eme jour et 
~~==~~~~ maximum proche de 30% en 50 jours, par Ia suite les plantules se developpent 

Dans l'eau douce, les graines de C. nodosa germent massivement et tres rapidement (100% en 
4 jours) mais les plantules depenssent rapidernent. 

3 - Ejfet de Ia teTTiptrature 
La germination de C. nodosa est d'autant plus rapide et importante a faible salinite (10%0

) que 
Ia temp~rature est elevee. Cependant, seules les temperatures comprises entre 17 et 24°C sont 
compatibles avec un bon developpement des plantules. A des temperatures plus froides, le 
developpement est retarde ou arrete, il reprend eventuellement si Ia temperature augmente. A des 
temperature tres .elevees (superieures a 25°C), les plantules depenssent (CA YE et MEINESZ, 1986). 

4 - Ejfet du sediment 
A Ischia, des experiences de germination a Ia salinite de l'eau de mer ont montre que le sediment 

~9J'~).bier etait plus favorable a Ia germination de C. nodosa que le sable quartzeux (PIRC et a!., 

.. Une e~perience a ete realisee a Nice avec des graines provenant d'Ischia et de Golfe Juan, a Ia 
sali~te de I eau de mer, dans des pots vides et dans des pots con tenant du sediment provenant d'un 
herbter de Cymodocee. Pour les graines de Golfe Juan Ia germination en 2 mois fut nulle pour les 
deux traitements; pour les graines d'Ischia sans sediment Ia germination fut nulle, mais dans le 
sediment Ia germination atteignit 12% en 2 mois. 

5 -Role de Ia variabilite genetique 
Les Cymodocees sont diolques, Ia pollinisation est done croisee et Ia reproduction de type 

heterogarnique. En principe, ce type de reproduction favorise Ia vigueur (heterosis) et accroit Ia 
variabilite genetique. Effectivement, Ia vigueur de cette espece se manifeste dans Ia croissance des 
axes plagiotropes qui est parfois tres rapide atteignant plus d'un metre par an (CA YE et MEINESZ, 
1985). 

Differentes observations dans Ia morphologie et les modalites de germination des graines de C. 
nodosa indiquent !'existence d'une large variabilite genetique. Dans l'herbier dense de Golfe Juan, 
les graines presentent une grande variabilite de leur forme generale (ovale ou circulaire) et du 
developpement des cretes. Dans des conditions non optimales de salinite et de temperature, Ia 
germination est echelonnee et ne conceme qu'une partie des graines, un certain nombre d'entre elles 
ne germant pas. Ces resultats signifient qu'il existe des differences individuelles dans !'aptitude des 
graines a germer. 

Ces differences de comportement des graines a Ia germination apparaissent de fa~ton encore 
plus evidente si on compare Ia germination de deux lots de graines preleves dans des peuplements 
eloignes geographiquement. A Ischia les graines de C. nodosa german! frequemment in situ, germent 
egalernent en laboratoire a Ia salinite de l'eau de mer avec un pourcentage optimal de 54% (PIRC et 
al., 1983). Les graines de Golfe Juan germent apparemment peu in situ; en laboratoire, le 
pourcentage de germination a Ia salinite de 38%0 est egalement faible (l% en 1 an). Une experience 
comparative sur Ia germination des graines de Golfe Juan et d'Ischia menee en aquarium a Ia salinite 
de 10%0

, a Ia temperature de 20°C, a montre que les graines d'Ischia germent avec un pourcentage de 
53% et celles de Golfe Juan avec un pourcentage de 97% en 14 jours. Ainsi, l'abaissement de Ia 
salinite declenche Ia germination des graines de C. nodosa prelevees dans l'herbier de Golfe Juan, 
mais cet effet n'est pas prouve pour les graines de l'herbier de C. nodosa d'Ischia. 

Le nombre de graines parvenant a gerrner dans un peuplement de C. nodosa varie en fonction 
de nombreux facteurs : Ia densite du peuplement, Ia saison (role de Ia temperature), Ia salinite, le 
sediment et surtout Ia variabilite genetique, particulierement large chez cette espece diolque et 
concernant a Ia fois Ia morphologie et Ia physiologie de Ia graine. 
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Departamento de Ecologia, Facultad de Biologia, Universidad de Barcelona, Diagonal 645, 08028 Barcelona (SpE 

I.!ltc::g<:l<es.UQG 
Belowground biomass accounts for a significative part of total biomass and 
production in seagrass stands (ZIEMAN ~< WETZEL, 19BOl. The decay of this 
biomass occurs within the sediment, leading to a necromass accumulation. This 
accumulation can be relevant to the nutrient cycling and/or trophic structure 
of the ecosystem. Nevertheless, data on this topic are relatively scarce <PIRC, 
1983; FRANCOUR, 1990; ROMERO gj; i!L·, in pressl. The aim of this paper is to 
make a quantitative approach of these aspects in the (;y!!!Q<:I.QS.~i! QQQQ~i! ecosystem 
focussing on three items: (i) the evaluation of the dead organic matter stock 
from both roots and rhizomes; (i i) the estimation of its turnover and 
decomposition rates and (iii)- the assessment of the variability of these 
parameters depending on nutrient availability and stand age. 

t!~tbgf!glggy 
The work wa5 · conducted at the Alfacs Bay (Ebro river Delta, NE Spaj.n l, a 
shallow bay with freshwater inputs. Sampling was performed in summer (Agust
Septemberl using a hand-held corer with a 200 cm2 base, pushed into the 
sediment to a depth of 30 em. After collection, the samples were rinsed i!l 
~ith!, and sorted into living rhizomes, dead rhizomes, living roots and dead 
roots. Weight of each fraction is expressed as dry weight. 
Samples were taken in <al a continuous meadow in a nutrient poor zone; (b) 
patches of different ages in a nutrient poor zone and (c) a continuous meadow 
in a nutt-ient rich ::one. The agE of the patches was estimated usina bot;l Crl.YE ~ 
MEINESZ (1985) criteria and plastochrone interval <PEREZ & ROMERO; in press). 
This method allows also to estimate root and rhizome production (PEREZ ~' 

ROMERO, in press). 

Table I. Stocks of 
biomass and necromass 

Rhizomes 
Zone Living Dead 

(a) 256 127 

(b) 96 19 

(c) 125 78 

belowground 
(g/m2l. 

Roots 
Living Dead 

105 104 

4B 44 

3B 

1 

50 
Pr-:•ductt•n 

0 

0 

,A a 
Db 
t:,.c 

100 

Fig. 1. Root production (x-axis) 
against root necromass (y-axis). 
(g/m2/year and g/m2.) 

Results and discussion 
Th;;;--d;;t;;:-;;r;;;-;;-;:;;;;;;;;;;::i;;-ed in table I. The main contribution to the belowground 
biomass corresponds to the living rhizomes. In general, dead stocks are in the 
same order of the living biomass; its variability depends on the different 
accumulation rates. The following model for root/rhizome litter accumulation is 
proposed: 

dl/dt= P - kl (eq. 1) 

where L is the necromass <litter) stock, P the annual production (gdW.m-2.y
ll and k the decomposition rate <years-1l. 
The steady-state (dl/dt=Ol is characterized-by L=llktP. That is, the plotting 
of the 1 i tter stock of a given compartment against its production rate must 
give a straight line under the steady-state assumption, whith a slope of the 
reClprocal of the decomposition rate. Data for roots are represented in figure 
1. The points corresponding to the old, continuous meadow in the nutrient-poor 
zone fits the linear model (r={l.95, n=8l, giving an estimation of k={l.34 y-1 
<half-decomposition time= 2 years). Points from the continuous meadow of the 
nutrient-rich zone follows a different equation with a lower goodness of fit 
<r=0.55, n=6l, giving an estimation of k=3.03 y-1 (half-decomposition time=0.2 
years), which agrees with the general acceptance of the fact that high 
nutrient levels enhances decay. Finally, the data from the younger patches do 
not fit a linear model. 
From eq. 1, the necromass for a given yearly production (assurr.ing no 
interannual fluctuations) in the steady state is P/k. If k<l, this 
"equilibrium necromass" is reached in more than one year. This can be modelled 
in a quite simple way: 

L<il=P+(1-klL<i-1l where L(i), Ui-ll are the litter 
stocks at time i and i-1, respectively. 
For k=0.34 y-1, the running of the model shows that the steady-state is 
reached after 4-5 years, so for the younger patches, we expect dead root stocks. 
w~ll below the values predicted by the linear model (fig. ll. Conver"sely, if 
k->1, the steady state can be reached in less than one year. This implies that 
one year is an unadequate time basis for the description of this phenomenon, 
and that seasonal van at ions can severely affect the results. In the nutrient
rich zone, the fact that root necromass is in all the cases below root 
producction gives support for a decomposition rate k>l, but the proposed 
estimation of k=3.03 must be contemplated with caution. 
For the rhizomes, only the data from the continuos meadow in the nutrient poor 
zone conform to the linear model, but with low correlation vales (r=060, n=8l, 
that can be explained by a decay rate (k=2. 43) higher than one. 
Althought the data presented are preliminary, some provisional conclusions can 
be drawn. In the nutrient-poor areas, the decomposition rate of belowground 
material of the (;Y!!!QQQS.~!! stands under study are low relatively to the ones 
estimated for the aboveground parts (leaves; see HARRISON, 19B9l. This results 
1n an accumulation of organic matter in the sediment, mostly in the form of 
dead roots. In more eutrophic areas, the root decay is greatly enhanced, 
lead1ng to a lower dead matter accumulation and thus a higher recycling rate. 
In the necromass compartment, equilibrium is reached when inouts (from the 
death of living parts of the plant) balances outputs (from deco;..,osition). This 
equilibrium can be shifted by nutrient levels, as stated, but it also takes 
some time to be achieved. Necromass development to an steady-state value can be 
interpreted as a succesional process within the plant stand development. 
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g-Term Changes in the Northern Adriatic Marine Phanerogam Beds 

Nevenka ZAVODNIK and Andrej JAKLIN 

"Ruder Boskovic" Institute, Center for Marine Research, 52210 Rovinj {Yugoslavia) 

In the Adriatic Sea, due to a lack of comparable iriformation on distribution 
abundance of species population, long-term fluctuations in benthic communities 
d seldom be appropriately explained. The previous thorough research of Benacchio 
8) and our recent studies have made possible an evaluation of the changes in 
ributional patterns . of northern Adriatic marine phanerogam species which have 
rred in this area over a half century span .. 

Research was done alonf the Iatrian coast, and i.n a part of the Quarner 
ipelago, i.e. around the Cree, Losinj, Susak and Unije islands. At more than a 
red coastal transects and some peculiar stations skin and SCUBA diving methods 
employed. In addition, the material sampled by dredge was also considered. 
Sufficient comparable data are available only for the following three 

2rogam species: Posidonia oceanica {L.) Del., Cymodocea nodosa {Ucr.) Aech., and 
9ra nolt:.ii Hornem. 
Fifty years ago Posidonia oceanica was a conunon species of many localities at 
area explored (Fig. 1). Nowadays, the western Istria Posidonia beds have 

:!ly been made extinct, except for poor remains in the environs of Umag and 
1.j. Around the south Istrian promontory and islands studied the beds are still 
ly well developed although local decrease processes have been noted. 
Cymodocea nodosa is at present well distributed in the entire area, except in 
steep sloping bottom of the Quarner area. The plants are growing well, 
::ially at sites characterized by oozy sand and enlarged input of particulate 
:-ials. 
Zost:era nolt:ii is at present limited only to a few sheltered and shallow areas 

1cterized by sandy-oozy sediment and lower salinity conditions. Its beds are 
~ly not dense, and in some places, during the low tide, are exposed to 
:cation. 
In comparison with the old data of Benacchio ( 1938) it becomes evident that 
the past 50 years Posidonia oceanica beds have drastically declined in Istrian 

.-s, and Zost:era marina has been largely made extinct. on the other hand, Zostera 
:i beds have mostly remained unaffected, while the area of cymodocea nodosa has 
.y extended. At some sites, this species has definitely occupied areas long ago 
.ated by Posidonia oceanica (Zavodnik, 1983). 
The reasons for the alterations described are no doubt manifold: direct 
•tion effects, however, could be attributed only locally. A more important 
m lies perhaps in an increased siltation, and changed light conditions affected 
1 enlarged water turbidity as suggested by Ghirardelli et a.l. ( 1973). 

~"'"" 
Q Posidonia· oceanica 

0 Cymodocea nodosa 

A Zostera no1tti 

ig. 1. Occurrences of marine phanerogams. 
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B-III1 
Amphipods and Molluscs of the circalittoral enclaves onto dead 

terraces of degradated Posidonia oceanica Meadows on the Coast of 
Alboraya (Spain, Gulf of Valencia, Western Mediterranean) 

1.-M. GINER, A. MARTI, V. BENEDITO, J.-L. ESTEBAN, J. TORRES, A.-M. GARCIA-CARRASCOSA and R. 
CAPACCIONI 

Invertebrates and Marine Biology Laboratory, Department of Animal and Cellular Biology and Parasitology, 
Faculty of Biological Sciences, Valencia University, 46100 Burjasot, Valencia {Spain) 

The epigraph of circalittoral enclaves refers to those structures originated by 
sciaphilic biogenous accretion onto soft substrate rhizomes or P.oceanica rhizomes 
remains. 

On the coast of Alboraya, and in general in the Gulf of Valencia, the ascension of 
circalittoral biocoenosis towards shallower waters can be observed .. This ascension is due 
to water turbidity levels, rising as a result of high anthecold pressure that this zone 
presents (urban, industrial, turistic and agricultural activities).ln the studied area these 
concretionated masses use dead terraces of degradated P. oceanica meadows for their 
instaliment and the lower limit of their bathymetric range oscillates between -10 and-12m. 

The installation of these structures on P. ceanica meadows occurs, as is described 
by (18), in those deep meadows with medium leaf density or in shallow ones with high leaf 
density, where sciaphilic environments can be found. However the P. oceanica meadows, 
in Alboraya, presents a high regression degree with a very low shoot density (1-2 
shoots/m2 at-10m) and is therefore unable to create sciaphilic biotopes on its own. Then 
the reason why these concretionated masses appear at shallow levels is because of the 
turbidity conditions of the sea-water. In fact, in shallower areas (2-3 m depth) Secchi disk 
disappears at 1m depth and in even offshore deeper areas (around -17 m) it does at 6-7 
m . 

These structures rise 30-40 em from the bottom, and they are more frequent on the 
corniches that delimit the pot-holes and channels. Concretionated masses are built by the 
action of calcareous algae (Pseudolithophy/lum expansum, Lithophyllum mamillosum and 
Mesophyllum lichenoides) and by hard structures of porifera and bryozoans, which 
include shell remains, sediment of diverse texture. P. oceanica rhizoma fibril remains, etc .. 
They are covered by an important sciaphilic flora (Peyssonnelia sp., Udotea petiolata, 
Halimeda tuna, Codium bursa, Sphaerococcus coronopifolius, etc.) and fauna (Eunicel/a 
cavolinii, Pentapora fascia/is, Myriapora truncata, Halocynthia papillosa, etc.). 

Amphipod fauna, studied by (13), shows a first stock which is formed by the 
species lphimedia serratipes, Lysianassa pilicornis and Pseudoprotella phasma that have 
been previously mentioned from coralligenous bottoms 9, 11, 19. The second stock is 
constituted by Microdeutopus algicola a species with affinity to hard substrates with 
vegetal coverage. The third one is represented by species with wide ecological 
distribution: Gam mare /Ia fucico/a (1) (5) (6) (1 0) (11) (14), and Corophium sextonae, 
which is presented in the whole biocoenoses at the studied zone except in SGCF. 
Leucothoe richiardii and Atylus massiliensis form a stock of species that come from 
biotopes around. The former comes from rhizome terraces of P. oceanica (3) (8), and the 
latter from sandy biocoenoses (2). The last stock is constituted by a form of Maera sp. 
whose peculiar features don't allow us to assign it to any of the nine species known 
from the Mediterranean (7). In the studied area, Maera sp. appears exclusively with an 
important density on these enclaves. 

Refering to molluscan fauna, described by (4), there is a first group formed by 
Clanculus cruciatus, Diodora graeca, Raphitoma echinata, Turbona cimex, Co/umbel/a 
rustica, Chauvetia minima, Chama gryphoides and Muricopsis cristata previously 
mentioned in the Coralligenous (18) (20) (15) (16). The second stock is formed by greater 
numerous species distributed fauna (Trico/ia pu/lus, Rissoa violacea, Jujubinus 
exasperatus, Clanculus jussieui, Venerupis pullastra, Glans trapezia, etc .. ) characteristic 
of P. oceanica meadows. The third stock shows a faunistic group characterized by species 
with affinity to hard substrates (Area noae, Musculus costulatus, Gastrochaena dubia and 
Lithophaga lithophaga). 

The colonization of circalittoral populations in less deep zones is demostrated by 
the localization of these shallow circalittoral biogenous enclaves, and by the unusual 
existence between -6 and -11.5 m at the studied area, of important populations of the 
amphipod Lembos angularis species characteristic of deeper muddy bottoms (8) (3). 

In the present study the lower limit of P. oceanica meadows, located at -25 m 
fifteen years ago, have been found at 17-18 m depth. This ascension of the lower limit is 
probably due to the increment of the turbidity conditions mentioned above. These higher 
sciaphilic conditions and the existence of dead terraces of P. oceanica rhizomes, have 
conditioned the gradual rising of Coralligenous towards shallower depths. In fact, wide 
zones with coralligenous blocks of about 2 m height, forming continous strings, are found 
up to the -20 m isobat. 
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B-III2 
Amphipods and benthic biocoenosis on the Coasts of 

Alboraya-Aibuixech (Spain, Gulf of Valencia, Western Mediterranean) 

A. MARTI, 1.-M. GINER and A.-M. GARCIA-CARRASCOSA 

Invertebrates and Marine Biology, Laboratory, Department of Animal and Cellular Biology and Parasitology. 
Faculty of Biology, University of Valencia, 46100 Burjassot, Valencia (Spain) 

The studied zone, north of Valencia city, corresponds to a typical 
sandy coast ecosystem of 5 km length. This area is suffering an important 
anthropic pressure (residual waters flows, fisheries, and urban, indus
trial, touristic and agricultural activities) which originates a general 
regression. Harbours and breakwaters, are the hard substrates that can be 
found there. 

GINER (1989) studied the infralittoral biocoenosis distribution based 
on the molluscan fauna, and MARTI (1989) using information from amphipod 
fauna contributes to a better characterization of these biocoenosis in the 
area. 

Different methods have been used to take samples of the different 
types of biocoenosis such as scoop net, Aberdeen double side anchor dredge, 
Agassiz trawl and scraped surfaces 25x25 em, from 21 stations (15 from soft 
substrates and 6 from hard ones). The location of these stations were cho
sen on purpose to define the whole conditions of the studied area. 

RESULTS. 

SUPRALITORAL ZONE. 
* LDL biocoenosis: 

It can be found along the shoreline. The sediment is formed by a mix
ture of pebbles and fine sarx:l, on which masses of several types of organic 
debris and Posidonia oceanica rhizome fibrils are located. This biocoenosis 
is characterized by the existence of high density populations of Orchestia 
platensis together with sporadic specimens of Talorchestia deshavesii. 

MEDIOLITORAL ZONE. 
* AP biocoenosis: 

Species mentioned by LEDOYER (1968), BELLAN-SANTINI & LEOOYER (1973) 
from shallov algae populations arx:l from high polluted areas as Jassa marmo
rata, Coroohium acutum, !;;;. insidiosum, Caprella aauilibra and Elasmopus 
~ have been located on artificial rocky substrates at the study area. 
Among all of them, the last species characterizes the Mvtilus galloprovin
cialis and Corallina elongata facies, and it is ouly found in those facies 
at the studied area. 

INFRALITTORAL ZONE. 
* SFHN biocoenosis: 

It has a very slow specific richness, vith only dispersed individuals 
from nearby biocoenosis, Corophium sextonae, Harpinia ~, Siphono
coetes sabatieri and Urothoe poseidonis can be found. It may be due to the 
sensitiveness of this group to highly polluted waters, pointed out by DAVIN 
(1981), and to the artificial structures settled --harbours, breakwaters, 
urban effluents-- which also alter the hidrological arx:l sedimentary fac
tors. 

* . SFBC biocoenosis: 
It reaches 9-10 m depth "'here the upper limit of the £. oceanica mea

dolls is settled. The existence of Perioculodes longimanus, Pariambus .t.:z:I!i:: 
£ill<, ~sea brevicornis, Leucothoe incisa, Microprotopus maculatus and 

~ ~ helps to the precise characterization of this biocoeno·· 
sis. 

High densities of Siphonocoetes sabatier! arx:l ~ crinicornis, 
typical species from lo"' salinity environments, are found in some ·sectors 
of this biocoenosis under the influence of fresh-waters flovs. Fluctuations 
in the populations of these species can be observed, arx:l there is a substi
tution from ~. ~ to Q. qinicornis in vinter probably due to the 
variability of the hidrological arx:l sedimentary factors arx:l to the opportu
nist nature of them. 

* ~ ~ meadovs: 
It shows a high regression degree (1 or 2 shoots/m2 to -10 ml buried 

by sandy sediment where dense Caulerpa prolifera patches are c'leveloped. 
This biocoenosis is characterized in the sampled area by Ericthonius ~ 
~~ ~ inaeauipes, Orchomene humilis and by Leucothoe richiardii 
which are found in the meadov and in the enclaves of biological sciaphilic 
concretionated algae and porifera. All these species have been already 
mentioned in the rhizome terraces of E· oceanica (CHEIIREUX, 1910; HARME
LIN, 1964; LEDOYER, 1962; LEOOYER, 1968). 

* SGCF biocoenosis: 
It is found in big· pot-holes and channels in the £. oceanica meadows. 

The existence of Monoculodes carinatus. Pontocrates arenarius, Ceradocus 
semiserratyg, Guernea ~ y Socarnes erythrophtalmus, characterizes 
this biocoenosis perfectly. 

* Enclaves of circalitoral biological concretionated masses: 
They are developed on the dead rhizome terraces of £. oceanica. These 

enclaves are identified by the presence of Iphimedia serratipes, Lvsianas
§51 pllicornis and Pseudoprotella phasma, typical species of circalittoral 
zone arx:l coralligenous bottoms, and also by the exclusive localization of 
an unidentified species of ~. 

Map of the studied zone 
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B-III3 
The food web of Posidonia oceanica beds around the Island of Ischia 

(Gulf of Naples -Italy) : a new trophic index 

Valerio ZUPO 

Stazione Zoologica di Napoli - Laboratorio di Ecologia del Benthos - Punta S. Pietro, 1, 80077 Ischia (ltalia) 

The Posidonia oceanica system, characterized by high productiv 
and biomass partly exported to ot~er coastal systems.' suppo~ts a V• 

complex food web (Chessa et al., 1982). Many troph1c stud1es can 
need to define the energy flow through the system: gut cont. 
analysis, calorific measurements, weight data, trophic groups analys 
etc (ref. Kikuchi et Peres, 1977). The trophic behaviour of mac 
zoobenthic species sampled by a bottom trawl in different prairies · 
analyzed and a new index is proposed as a feeding behaviour descript 
The use of such an index allows for a precise description of 
feeding habits of a species and is useful in direct spat 
representations and multivariate analysis techniques. 
Twelve samples were obtained in different Posidonia prairies around 
island of Ischia: the first 6 in winter, the others in summ 
collected at depths ranging from 15 to 25 meters with a bottom tr 
with a 2 em mesh, deep frozen and then fixed in 70% alcohol. The 
contents of each species in each sample were identified, quantified 
means of an arbitrary code ranging from o to 4 (O=absent; 4=v 
abundant) and recorded in a matrix "species; food items". A multivari 
analysis was performed on such data to define the principal compone 
of the trophic model in the studied prairies (fig.l). It is a fact t 
generally, in such analysis, the observation points are ordered mal 
on the first two axes, one of which can be mainly related to prey si 
while on the second the food items are ordered according to type -pl 
or animal- of prey. If the principal components of such trophic mod 
are these, it is possible to redescribe the species on the basis 
these factors. The species were coded on the basis of a two di 
parameter calculated as follows: 
- the first digit represents the feeding habit -vegetarian 
carnivorous- of the species and is calculated by the formula: 

first digit=CE v - I: C)/:E M wheJ 
V=abundance of vegetal items; C= abundance of carnivorous ite 
M=abundance of each considered item. In such a way we can distingu 
omnivorous organisms (first digit close to 0), pure carnivores (fi 
digit close to -1), pure herbivores {first digit close to I). 
- The second digit represents the size scale of the prey and 
calculated by the formula: 

second digit= ln ( E (PSi x Nil/EM) wheJ 
PSt= mean prey size (size measured in mm or in mg) of prey "i"; Ni= 
abundance; M= as defined previously. The use of logarithmic sc 
allows to discriminate microphagous organisms, eating prey items 1 
than 1 mm (second digit negative) from macrophagous ones (second di 
with positive values) . 
A total of 76 species were collected, while 26 food items w 
identified in the gut contents. A matrix was then compiled on the ba 
of the trophic code and it is possible to see that, plotting 
different species on a x-y system using the two digits of the code 
descriptors, a model very close to the multivariate one is obtained. 
particular we observe that the principal clusters showed by a P.C 
are reproduced in the new code based trophic model {fig. 1 and 
Species can be then grouped into trophic categories as shown in fig 
to be analyzed by common mathematical methods and such groups are 
far better descriptors then those generally defined only on an empi 
basis. As one can observe, the two representations -using the l 
items and trophic index plotted- directly provide a single model of 
prairie, in which the importance of vegetarian and detritivol 
organisms is assessed. Predators are represented only by . a fe"f spec 
of fishes plotted in the second quadrant. The model obta1ned 1s usc 
to classify the 96 considered species into calculated ~ro} 
categories as far as the trophic index calculated for each si?ec1es 
be considered relatively constant of any ecosystem, wh1le tl 
position in a multi variate analysis model depends on the contribu1 
of other observations considered. 
The trophic index described can be considered a valid solution 
compare data resulting from diffe~ent invest~gations a.nd may be usee 
define the differences observed 1n the feed1ng behav1our of a spec 
studied on different temporal or spatial scales. The use of this ~~ 
allows to get over the first ordination model, given that food 11 
are generally ordered on the basis of size and qualitative compone1 
our research can thus be directed in the definition of measurable 
comparable trophic groups and food web models. 

P.C.A. 
Fig. 1 

Classification by two digits co 

Fig 

-1 -0.8-0.6-0.4 -0.2 0 0.2 0 4 0 6 0 8 

Digit 1 
Carnivorous -- Vegetarian 
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Relationships between Trophic Structure and Diel Migrations of 

lsopods and Amphipods in a Posidonia oceanica Bed of the Island of 
Ischia (Gulf of Naples -Italy) 

Maurizio LORENTI and Maria Beatrice SCIPIONE 

Stazione Zoologica di Napoli · Laboratorio di Ecologia del Benthos · Punta S. Pietro, 1, 80077 Ischia (ltalia) 

'l'he ~omplexity of trophic webs in highly productive seagrass systems is related 
to the multiplicity of the available microhabitats. Diel migrations of seagrass 
animals along the plant vertical axis represent a microhabitat shift that is a 
response to both biotic and abiotic factors (Ledoyer, 1962; Greening & Livingston, 
1982); feeding requirements versus hiding are one explanation for such shifts 
(Kitting, 1986). 

Isopods and Amphipods are among the major components of Posidonia oceanica vagile 
fauna (Scipione et al., 1983; Mazzella et al., 1989) and play a fundamental role in 
trophic webs , both as consumers (Scipione, 1989; Gambi et al. , in prep. ) and as food 
for predators (Chessa et al., 1982; Khoury, 1984; Sparla, 1989). Species of these two 
taxa are also responsible for important diel migrations. Therefore relationships 
between migrations and feeding habits warrant investigation. 

In this framework, research on different taxa of P.oceanica vagile fauna were 
undertaken, of which the present study is ·a part. Sampl~llected by hand net 
along a depth gradient ( 1, 3, 10, 15 and 25m) in Lacco Arne no prairie (Island of 
Ischia), both daytime and nighttime, in July 1981 and February 1982. Trophic 
analysis was performed on 9 categories identified according to the literature: 
Deposit Feeders (DF), Deposit- Suspension Feeders (DSF), Deposit Feeders- Carnivores 
(DC), Herbivores (He), Detritus Feeders (DeF), Carnivores (Ca), Herbivores- Deposit 
Feeders (HDF), Omnivores (Om) and Parasites (Fa); species on which information is 
lacking were designated Unidentified (Un). 

Seventeen species of Isopods and 77 of Amphipods were identified. 
Total abundance of Isopods in night ·samples shows increases over day samples from 

80 to 996 ind. in July and from 72 to 547 ind. in February. In July, of the 15 
recorded species, a clear migrant behaviour was shown only by HDF species ( Idotea 
hectica, Zenobiana prismatica, Cymodoce emarginata and ~) and Ca species 
(Jaeropsis dollfusi and Paranthura niqropunctata). In February, of the 16 recorded 
species, only C.emarginata and ~ show defined patterns. On the whole, the 
bulk of migrant Isopods is formed by HDF, strongly dominated by C. hanseni juveniles; 
their quantitative dominance rises from 61% (day) to 86% (night) in July and from 62% 
to 94% in February. Depth- related zonation of migrant species does not appear to 
vary significantly between day and nighti in particular, Cahanseni, which determines 
trends of HDF, shows an increasing pattern with depth. ---

Amphipods reach the highest abundance in night samples both in July (51 species; 
2,378 ind.) and February ~38; 1,534) in comparison with day samples of July (33; 857) 
and February (63; 809). The most represented trophic groups were He (mostly Amphithoe 
helleri, A.ramondi and Hyale schmidti), which are dominant in superficial stations, 
mainly in July (57. 81%), and which show an increase (from 166 to 326 ind. ) from day 
to night; HDF, mostly represented by Aora spinicornis, Apherusa chiereghinii and 
Dexamine spinosa, are present along the whole transect, mainly at intermediate and 
deep stations, and show a massive increase from day to night samples, considering 
both months, from 310 to i ,211 ind., also at lm, where they become dominant in 
February ( 42. 5%). The other trophic grqups are less represented and only DF and DSF 
show an increase in night samples, the latter at shallower stations. Some species, 
as Amphilochus picadurus, Peltocoxa gibbosa and Apherusa vexatrix, which show a deep 
distribution at daytilne, are well represented at night in the shallower stand. 

On the. whole, He and HDF are strongly dominant both at night and day and diel 
migrations are generally undertaken by species belonging to these two groups (Fig. 
1). The increal'e at night of plant feeders may be the result of a migration towards 
food sources located at the upper layers of the canopy, such as epiphytic micro- and 
macroalgae of ·leaf blades. Diel variation in vertical distribution is probably due 
to a number of factors which act equally all along the transect, such as predation, 
and to others which seem to be more lilniting at shallow stands, such as light 
in-tensity and temperature. Based also on observations made for other phanerogams 
(Nagle, 1968), at the level of the leaf stratum HDF seem to play a major role in the 
energy transfer to higher trophic levels, a role that was formerly underestimated. 
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B-Ills 
The Posidonia oceanica (l.) Delile Meadows of Egyptian Waters. 

Amphipods from the Alexandria Meadows 

M. ATIA and Y. HALIM 

Oceanography Department, Faculty of Science. Alexandria University (Egypt) 

Seasonal collections of the Alflphipods of a Posidonia meadow at 

5-7 m depth were carried out in 1987-1988 in Miami llay, Alexandria, the 

samples were collected from 100 cm 2 quadrates using a rectangular fra

The population composition, abundancey richness~ diversity index 

and evenness were determined. 

The Posidonia beds, with their associated communities are of 

considerable importance along the Mediterranean infralittoral zone 

of Alexandria region, but very little information is available about 

their ecosystem. Scellenberg ( 1936) mentioned eleven species associated 

with Posidonia meadows off the coast of Alexandria. Latter, Atta ( 1985) 

identified 14 Gammaridean and 3 caprellidean Amphipods associated with 

the meadows. 

A total of 27 species (Gammarideae and Caprellideae) were identi-

fied from a total of 9570 individual/m
2

. Amphilochus manudens, Amphith

~ rubricata, Aora spinicornis and Lembos ~ are new records for 

Alexandria waters. Maera inaeguipes ranks first in abundance (22%) .in 

the meadows followed by Ericthonius brasiliensis (20%), Jassa marmorata 

(18%), Elasmopus pectenicrus (16%), Corophium acherusicum (5%), Micro

deutopus obtusatus (5%), Amphithoe ramondi (3%), Caprella acanthifera 

(2%), Leucothoe spinicarpa ( 2%), Hyale prevosti ( 1%), Corophium ~

tonae (1%). Several other species occurred regularly but in small num

bers. Schellenberg recorded also Ampelisca unidentata, Tritaeta gibbosa 

and Amphithoe helleri. 

Comparison with other Mediterranean localities shows that 18 

species are common to most Mediterranean Posidonia beds including the 

Alexandria meadows (Scipione and Fresi, 1984; · Scipione and Chessa, 

1986; Krapp-Schickell, 1976; Schellenberg, 1936; Atta, 1985 and present 

records). The relative ·abundance of the species however is variable 

and depends ori the depth and proximity of the meadows from the coast. 

According to Ledoyer ( 1966) the "typical" Posidonia community is the 

deep one. The present study shows "contagion" of the investigated beds 

by intruding Amphipod species from the nearly infralittoral rocky 

communities, in addition to the typical Posidonia species. The numeri

cal abundance and the number of species were significantly much greater 

in Spring than during other seasons, this is reflected also by the 

richness (R). Diversity (H'). however, increases in Winter as shown 

in Table !. 

Table 1. Total number of species and individual/m
2

, diversity index 

(H', Shannon & Weaver), richness (R, Margalef), evenness (J', 

Pielou) at different seasons in Alexandria meadow. 

Season No. of in~~~f~~a~Jm2 H • J. 
species 

Spring 24 3240 !. 93 o. 61 2. 85 

Summer 17 3390 !. 80 0.64 I. 97 

Autumn 15 2220 2. 00 o. 74 l. 82 

Winter 14 720 2. 11 o. 80 1.98 
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The Posidonia oceanica (L.) Delile Meadows of Egyptian Waters. 
Polychaetes from the Alexandria Meadows 

M. ATTA, Y. HALIM and H. MANSOUR 

Oceanography Department, Faculty of Science, Alexandria University (Egypt) 

The Polychaete fauna of a Posidonia stand located at Hiami llci\ 

(Alexandria) have been investigated in the frame of a current proJeCt 

on the study of the Posidonia oceanica ecosystem in Egyptian \>.'aters. 

Samples were collected seasonaly by Scuba diving from a meadow 5-7 m 

deep from 1000cm 2 using a metal frame. The samples yielded a total of 

8080 individuals/m 2 , distributed between 24 species, 16 Errantia and 

8 Sedentaria. Their diversity H'(Shannon-Weaver), richness (Margelef), 

evenness J(Pielou) and relative abundance were calculated (Table 1). 

Thirteen species contributed 95.5% of the population. Dasychone 

lucullana was leading with 31% and in all seasons on the rhizom-

es. It was followed by Platynereis dumerilii (14%) and Euryth~ compla

~ (ll%), Cirratulus cirratus (10%), Nereis laevigata (6%), Syllis 

variegata (6%), Syllis alter nata (5%), Lumbriconereis funchalensis 

(4%), Lepidonotus clava (3%), Staurocephalus rudolphii (2%), Lepidono-

~ sguamatus ( n;), Capitella capi tata ( 1%) and Syllis gracilis ( 1%). 

Eleven other species contribute 1%. 

Ergen ( 1986) found Nereis zonata, Platynereis dumerilii and Nereis 

pelagica to be the most common Polychaetes associated with !'.· oceanica 

meadows of Izmir Bay, while Colognola, Gambi and Chessa ( 1984) showed 

that a "typical"Polychaete community associated with Posidonia oceanica 

leaves could not be identified. All species found are characteristic 

of other different environments most species identified in Alexandria 

meadow differ from those reported from the Gulf of Naples, except 

Platynereis dumerilii which seems to prefer the shallow stands. Althou-

gh some of the genera identified in Alexandria meadows are correspond 

to those of the Gulf of Naples such as' Syllis, Nereis, Leptonereis, 

Hydroides, the species are completely different. 

Table 1. Total number of species and individuals/m
2

, diversity. index, 

evenness, richness at different in Alexandria meadoW'. 

Season No. of 
species ind~~:id~al/m2 H, J f 

Spring 20 l 790 2. 22 0. 74 2. 54 

Summer 19 3220 2. 30 0.78 2.23 

Autumn 12 2000 1. 60 o. 65 1.45 

Winter 10 1070 1. 26 0. 55 1. 29 

Spring and Summer significantly more diversified in species 

than Autumn and Winter, their population was also more even than the 

Winter and Autumn populations. 

The authors wish to thanks Dr. H. Hosny for his cooperation. 
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Polychaete Communities in the Mediolittoral and lnfralittoral zones 
of the Western Mediterranean : two cases of study, the Balearic 

Islands and the Straits of Gibraltar 

Rafael SARDA 

Centre d'Estudis Avanqats de Blanes (C.S.I.C.), Cami de Santa Barbara, 17300 Blanes (Spain) 

Description of the structure of macrobenthic communi ties has been one of 
the major goals in benthic marine studies since the pioneering works. The results of 
macrobenthic community monitoring tipically produce larger groups of species and 
there is a tendency to reduce the datA. to group of few species which can be well 
correlated with those assembleges or communi ties. The fauna of the community can 
also be arranged by functionally similar groups of species {guilds) to give an idea 
of the interaction between the organisms and their habitat. 

A faunistic study of the Benthic Invertebrate Populations of the Balearic 
Islands (Spanish Coast) was carried out in the Zoology Department of the University 
of Barcelona in 1983 and 1984. A similar study was done in the Straits of Gibraltar 
in 1981-198l1. The main aim of these studies was to correlate the different 
assemblages of Annelida Poly chaeta in the ~1edioli ttoral and infrali ttoral zones 
with the surrounding vegetal zonation. Almost 200 samples of 400 cm2 ( 20 em x 20 em) 
were scraped off and quantitatively studied in these works. 

Light is considered as the main factor determining changes in vegetable 
zonation with depth in the rocky sublittoral environment. The structural organization 
in the Straits of Gibraltar was studied :for depths between 0 and 15 m due to the 
strong light attenuation caused by the turbidity of the water. The very clear water 
of the Balearic islands mean that the critical light level is at depth of 40 m, 
photophilic algal species can be found in these islands at a greater depth than their 
homologues in the Iberian peninsula and have a wider sea-belt distributin. 

Recently Abbiatti et al. (1987) and Giangrande (1988) proposed the 
hypothesis that polychaete zonation may be an expression of the biological 
conditioning of the substrata by algae rather than of the direct influence of 
physical factors and suggested a model based on three communi ties in the Rami to 
cliff. This model fitted quite well with the observed model f"or the St~ai ts of 
Gibraltar, Sarda ( 1987). 

The results of these studies demonstrate the existence of six Polychaete 
communi ties associated to hard bottoms in the medioli ttoral and infrali toral zones. 
The six communi ties were defined on the basis of their specific composition, trophic
functional structure, diversity and relative abundance and dominance of the species 
present. 

( 1) The medioli ttoral exposed community.- (Strait of Gibraltar). R~22 .2, H' ~2 ,4. 
The community is dominated by :few sp€cies of well adapted organisms mainly 
herviborous: Eulalia viridis, Syllis arnica, Perinereis cul trifera, P. marionni, 
Platynereis dumerilii and Nainereis laevigat;:--r;r-

( 2) The medioli ttoral community of Lythophyllum tortuosum.- (Balearic Islands). 
R-15, H '-2,6. Fabricia sa bella and Platynereis dumerilii account for more than 
50% of the fauna by number. These two polychaetes are accompanied by a group of 
common species in medioli ttoral environment and the impoverished presence of the 

photophilic group. ( *) 

( 3) The shallow photophilic community.- (Strait of Gibraltar & Balearic Islands). 
R=35, 5, H' =3, 9. The species Sphaerosy llis hystrix, Polyophthalmus pictus, 
Syllis prolifera, Pseudobrania clavata, Janua pseudocorrugata, Exogone naidina, 
Pseudobrania limbata, Amphiglena medi terranea and Platynereis dumerilii dominate 
the community, 70-80% of all organisms belong to those species. The community is 
also characterized by the absence of species favoured by medioli ttoral conditions 
or by the coraligenous s-pecies. ( 'lf-) 

(4) The deeper photophilic community.- (Balearic Islands). R~31,5, H'~2,9. The 
community is defined with four dominant species: Exogone naidina, Pseudobrania 
limbata, Amphiglena medi terranea and Josephella marenzelleri. A reduced and less 
abundant group of the typical infrali ttoral species is :found and a group of 
coraligenous species is normally present. ( *) 

(5) ThP. community oT rhizomes of Postdonja. ocer:m:.ca.- (Balee_""'ic Islands). R=61.7, 
H'=4,6. The Posidonia rhizomes allow colonization by a mixture of different 
groups of species. None of these groups has a major relative abundance. (*) 

(6) The infralittoral sciaphilic community.- (Strait of Gibraltar & Balearic Islands). 
R-35, 7, H'-3,9. A group of species including Chrysopetalum debile, Autolytus 
prolifer, · Pionosyllis lamelligera, Syllis truncata-criptica and Spirobranchus 
polytrema are the most numerous although a group of lesser dominants are also 
important to characterize the community. (*} 

The species present can be classified into eight trophic-functional 
groups. Substrata characteristics play an important role in allowing the appearance 
of different ecological niches which enables the development of living strategies. 
Omnivorous and Herviborous species decrease and Carnivorous species increase 
progressively when algal distribution becomes less abundant. Sessile :filter-feeders 
are constantly present in the communi ties listed although sabellids are replaced by 
serpulids when strong light-attenuation is observed. Deposi t-:feeders and Burrowers 
are not common in these habitats. Percentages of organisms belonging to these groups 
in the communi ties can be observed in the :figure. 

~ CWX § CWJ (ill OWN ~ BWJ ~ BWX E3 SDT-SST 
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Distribution and life cycle of Perinereis rullieri Pilato (Polychaeta, 

Nereididae), a Mediterranean Endemism 

D. PREVEDELLI•, A. CASTELLI•, M. ABBIAT1•• and R. ZUNARELLI VANDINI· 

·o;partimento di Biologia Animale, Universita di Modena, Via Universita 4, 41100 Modena (ltalia) 
·•oipartimento di Scienze deii'Ambiente e del Territorio, Universita di Pisa, Via Volta 6, 56100 Pis a (ltalia) 

Perinereis .t:J.1.lli.e..l has to date only been recorded along the 
Ionian coast of Sicily {PILATO, 197 4); it is morphologically 
close to L cultrifera, a widespread species in the Mediterranean 
(CAMPOY, 1982; FAUVEL, 1923). L ~is distinguished from 
f..._ cultrifera chiefly by the number and size of the paragnaths 
and by the morphology of the spiniger setae. 

During research carried out over the last year on bl·ackish 
water assemblages, numel·ous specimens belonging to L ~ 
were found in the Venice Lagoon and along the coasts of Elba 
Island {Tuscan Archipelago) (Fig. 1) . The distribution of this 
species is not therefore limited to the type locality. L 
1JJ.l.l.15u:i is a widespread species along the Italian coasts and 
presumably in the Mediterranean. 

In the Venice Lagoon f..._ 
l:l.ll.l.i.e.J. has been collected near 
Chioggia, on a mixed substrate 
containing stones, gravel and 
muddy sand in the intertidal 
zone. This habitat is very 
narrow and borders on areas 
having different hydrological 
and sedimentological features 
where L lJ.!l.l.llll is absent. 

The life cycle of this 
population was studied by means 
of in tl.tJJ. and laboratory 
observations. 

f.,_ ~ reaches sexual 
maturity when the specimens are 
two years old. observations 
carried out over the last four 
years have demonstrated that 
spawning occurs when the water 
temperature reaches about 15 °C, 
which in the Venice Lagoon 
generally occurs in April. In - Fig. 1 - Distribution of f..._ 
the last two years, prevailing ~ 
climatic conditions have *- type locality 
advanced reproduction by about .o.- new records 
one month. sexual maturity is reached without epitoky, a feature 
common in sea-living nereidids and sometimes observed in 
brackish-water species (CAZAUX, 1965; DURCHON, 1951). 
Reproduction takes place on the bottom, and the fertilized eggs 
are encapsulated by a gelatinous envelope. This anchors them to 
the stones forming l.arge, green colored clumps. The trochophora, 
metatrochophora and nectochaeta are enclosed in the 
periovular gelatin. Subsequently, the nectochaeta with three 
setigerous segments hatches and begins free life. The hatched 
larvae has a mandible and complete digestive tube; feeding can 
begin at once even though a large supply of reserve material is 
present. Notwithstanding the trochus of cilia, the nectochaeta is 
a bottom dweller. Free life begins at an advanced stage when the 
larve have acquired tho= characteristics that permit survival in 
the habitat of the adult-form. 

The developmental pattern is in agreement with general 
models of lecitotrophic and benthic lal·val development in species 
living in fluctuating environment ( FAUCHALD, 1983). The dispersal 
phase is extremely limited,. allowing the larva to immediately 
settle a suitable habitat. The reproductive and developmental 
pattern of f..._~ are quite similar to those described for 
f.,_ cultrifera (CAZAUX, 1969) in the Mediterranean, where even the 
latter reproduces without epitoky. 
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B-1119 
Sur une collection de Serpulidae (Annelides Polychetes) des Cotes 

Marocaines 

Ghazi BITAR 

Universite Ubanaise. Faculte des Sciences, Section I Bir Hassan, Beyrouth (Liban) 

Au cours de nos 9tudes des peuplements benthiques li ttoraux des cOtes 
atlantiques et mediterraneennes du Maroc ( Bitar. 1984, 1987). une collection 
de dix sept esp9ces de Serpulidae a ete recolt9e, par grattage, dans trois 
biotopes: biocenose .~des algues photophiles (Corallines, Moulieres, 
Cystoseires, Asparagopsis armata et Pyu~a st:olonifera), biotopes portuaires et 
biosEmose CoralligBne. Ce sent: Serpula concharum, S. vermicularis, Hydroides 
dianthus1r, H. e1eganff'IC, H.pseudouncinat:a, Vermiliopsis striaticeps", 
Spirobranchus polytrema, Poma toceros lamarckii1(, P. triqueter, Josephella 
marenzelleri*, Filograna sp., Spirorbis marioni, Protolaeospira striata* 
Pileolaria mili tar iS'~, P. pseudomili taris*, Janua sp .. 

Les hui t especes marquees d' un as terique, son t nouvelles pour le 
Maroc. No us donnons par la suite leurs locali tes, leurs biotopes et leurs 
reparti tions biogeographiques. 

-H. dianthus: originaire des cOtes atlantiques de 1 'Am9rique du Nord 
(Zibrowius, ~971), cette especes est trouvee dans les salissures d • un 
remorqueur (Chouroub} en arret dans le port de Tanger. Nous 1' avons recoltee 
a Beyrouth (Liban} avec, V. striaticeps, P. lamarckii, P. pseudomilitaris, sur 
trois PelScypodes (Pinctada radiata. Malleus regula et Brachidont:es 
variabilis) immigr9s de la Mer Rouge ( Zibrowius et Bitar, 1981). 

-H. elegans: n3colt9e aussi bien sur la coque du remorqueur ( Chouroub) que 
dans les deux ports ( Tanger-D2troit de Gibraltar: Al Hoceima-Mediterranee). 
Cette espece a une large repartition dans les mars tem.perees et chaudes, en 
particulier dans les milieux portuaires. Elle est signal9e dans divers points 
des cOtes atlantiques africaines ( Zibrowius, 1971). 

- Vermiliopsis striaticeps: espece fr9quente dans lea peuplements 
infralittoraux a partir des niveaux superficiels et dans les milieux 
portuaires. Nous 1' avons r9col t9e dans les ports (Tanger et Al Hoceima) ~ dana 
les peuplements superficiels de la plage Quemado (Al Hoceima) et dans le 
Coralligene de Beni· Younech (Detroit). 

- Pomatoceros lamarckii: elle est presents dans lea differents biotopes StudiSs 
et abondante dans les Moulieres. En Atlantique, elle est trouvee dans les 
peuplements des Algues photophiles a Rabat et ses regions sud, a Sidi R' bat 
(situe a 40 Km au sud d' Agadir) et sur les huitres de la lagune d'Oualidia. 
Dans le d9troi t, elle est trouvee dans le port de Tanger, dans lea Corallines 
de Dalia (= Punta Cires ) et dans les Corallines et le Coralligene de Beni 
Younech (= Benzu). En Mediterranee, ella est r9colt9e dans le port at la baie 
d'Al Hoceima. La seule r9f€rence A P. lamarckii au Maroc revient a Amoureux 
(1.976) qui, dans les recoltes du Detroit, a signale des individus qui 
pourraient se rapporcher de cette espece. 

· Josephella marenzelleri: cette esp_ece, dans le port d' Al Hoceima et le 
Corallig9ne de Bani Younech, a une large r9partittion goc,graphique 
(Mectiterranee, Portugal, Madere, Bresil, Madagascar). 

-Protolaeospira striata: cette especes est trouvee sur les cailloux a Temara 
{15 Km au sud de Rabat) , dans les Corallines de Dalia et dans le Coralliglme 

de Beni Younech. Elle est connue Bgalement dans lee grottes sous- marines. 

- Pileolaria militaris: elle est r9colt9e dans les deux ports ( Tanger~ et Al 
Hoceima) et a M' diq ( si tue au sud de 1' enclave espagnole Ceuta) . Cette espece 
a repartition mondiale se trouve dans divers biotopes. 

- p. pseudomili tar is: trouv8e dans le port de Tanger, dans le fouling du 
remorqueur ( Chouroub) a M'diq et sur les huitres de la lagune d'Oualidia. Une 
large r8paratition a 9t€ cit9e pour cette esp6ces: Villefranche, Marseille~ 
Beyrouth, Malte, Sidney, Galapagos, Hawaii, Nouvelle Z9lande, Angola, 

Mozambique, Japon. 

Remerciemen ts. 
Je remercie H. Zibrowius pour sa contribution a 1' identification 

des especes. 
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Etude descriptive du fond Coralligene d'une falaise sous-marine a 

Beni Vounech (Detroit de Gibraltar-Maroc) 

Ghazi BITAR 

Universite Ubanaise, Faculte des Sciences, Section I Bir Hassan, Beyrouth (Liban) 

En M6diterran9e nord-occidentale de nornbreux auteurs se sont 
interessSs aux peuplements sciaphiles et en particulier au fond Coralligene de 
l'horizon inf9rieur de la roche littoral . Ce type de fond, jamais 8tudi9, a 
notre connaissance au Maroc, a fait partie d'une etude bionomique et 
biogeographique des elites du Maroc (Bitar, 1987) . 

La station de Beni Younech (Beneu), situee dans le detroit de 
Gibraltar (a l'ouest de Ceuta) non loin de l'entrE!e en Mediterranee, constitue 
un pan rocheux vertical. Ce dernier, montre depuis la surface jusqu'au fond 
{-35m) lea faciGs et les peuplements suivants: 

Au dessus du visor, une ceinture a Chthamalus (C~ montagui et c. 
stellat:us} marque 1' horizon superieur du m€dioli ttoral. Le visor, lui -meme est 
dornine par des touffes clairsemees de Li t:hophyllum t:ort:uosum et Balanus 
perforatus.. La ph00phyc€e Ralfsia verrucosa est aussi presente vu le degre 
hygrometrique eleve qui y regne. Dans les endroits bien ombrages on trouve 
Astroides calycularis et Actinia equina. 

Les deux premiers metres portent un dense peuplement a Corallina 
mediterranea. Au dessous, s'y ajoutent lea peuplements d~ Asparagopsis armata 
et de Stypocaulon scoparium~ 

Vera 6 m de profondeur ex is te un fond pr8corallig€ne .3. dominance 
d' algues rouges Peyssonnelia spp. avec, par places Udotea petiola ta et 
Halimeda tuna. Cet aspect, domin9 par des algues non calcifi€es, est vita 
sui vi par le peuplement corallig€.ne a base de M9lob€siees concr€tionnantes: 
Nesophyllum lichenoides et Li thophyllum spp. que nous avions confondu avec 
Pseudoli thophyllum expansum. 

A partir de 8 m de profondeur la roche est tapis see d I Astroides 
calycularis que l'on peut trouver jusqu'a ~20m. A 12 rn de profondeur, un 
facies A Corallium rubrum accompagn9 de Filograna sp. I occupe le plafond 
horizontal d'un petit surplomb. C'est en effet, le facteur topographique de la 
roche et non pas la profondeur qui a favorisS l 'installation a ce niveau d' un 
tel peuplement de grottes semi-obscures. 

Entre -13 et -20 m, on trouve, en plus du faciSs A Astroides 
calycularis, celui de Parazoanthus axinellae qui affectionne plutOt lee 
endroits a agitat:ion 8leve et a lurninosite relativement irnportante et celui d' 
Eunicella { E~ singularis et E. cavolini} ayant une forme courte et robuste 
ce qui eat l'indice d'un hydrodynamisrne intense dana cette localit8. Le faces 
A Paramuricea clavata apparait a partir de -20 m, le poisson Anthias anthias 
y est tres abondant. Une grotte existe a ·15 m, dont le plafond de l' entree 
est tapiss.e de Corallium rubrum et Leptosammia pruvoti; a l' entree, on trouve 
lea crevettes rouges a bandes blanchatres Parapandalus narval. 

A partir de -25 m j usqu' aux environs du fond I la roche verticale est 
tapissee de Corallium rubrum aasoci9 au facies a Paramuricea clavata sur 
lesquelles se trouvent assez souvent les colonies de Filograna sp •. De place 
en place. de petites colonies clairsem9es de Parazoanthus axinellae. sont 
pr€tsentes, avec des Holothurides Holothuria spp. qui sent beaucoup plus 
nombreueee que les Echinides. Ceci a eta aussi observe dans les fonds 
(Coralligrme)' de 1' ile de Zembra en Tunisie ( Jeudy de Grissac et al., 1986) . 

Sur le fond envase (- 35 m), nous avons trouve la Phan9rogame Zostera 
marina en ~ave ce qui nous a suggere de faire une petite exploration dans 
l'anse de Beni Younech, En effet, cette phan8rogame marine, que nous n'avons 
pas rencontree, dans l'Atlantique marocain ni dans le dEtroit a l'ouest de 

Beni Younech, Gtait pr8sente dans cette localit9 en touffe clairsemEes sur un 
fond de -5 m; on peut se demander si cette localit€ ne repr8sente pas la 
limite ouest de sa repartition sur la cOte de 1 'Afrique du Nord. 

Par comparaison avec d'autre regions de la M€diterranee, la 
description ci ·dessus, montre une nette ressemblance d' aspects et de facies du 
Coralligene du Maroc ( zone du Detroit de Gibraltar) avec celui de la 
M~iterran~e nord occidentale. Toutefois~ nous avons constatB dans notre 
station: 

· une absence de toute construction organogene, a base d' algues, 
installees sous forme de boucliers, draperies, bourelets, choux· fleurs que 
l'on trouve sur lea tombants de plusieurs localit9s de la M9diterranee 
(Laborel, 1961). Ceci est dO a l'hydrodynamisme intense qui inhibe le 
d~veloppemen t d' un tel concr9tionnemen t. 

~ une pauvrete eq algues molles caract9ristiques du precorallig€ne: Udotea 
petiolata at Halimeda tuna par rapport a la Mediterranee nord occidentale. Una 

telle pauvrete est due a la temperature assez basse qui y regne, la presence 
de 1' algue Cytoseira usneoides { espSce nouvelle pour le Maroc) depuis les 
premierS metres jusqu'A -20 m donne une idee de la fourchette thermique, 
puisque cette PhlK>phycee ne prospere que dans des eaux agitees ayant une 

temperature comprise entre 15° et l8°C, L'homeothermie etant favorisee par le 
m411lange continu des eaux (Giaccone et Bruni, 1973). 

· le facies a Astroides calycularis qui manque generalement en Mediterranee 
nord occidentale • (Zibrowius, 1983 ) existe a Beni Younech, a partir des 
surplombs au voisinage de la surface j usqu' aux environ de 20 m de profondeur. 
Cette esp9ce a 9t9 rencontr9e, sur la cOte atlantique du Maroc, au sud du cap 

Spartel. 
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Taxonomical and Ecological Distribution of Allelochemical 
Production in Benthic Mediterranean Organisms 

M . .J. URIZ • D. MARTIN and X. TURON 

Centre d'Estudis Avan9ats de Blanes (C.S.I.C.), Cami de Santa Barbara SiN, 17300 ~lanes (Spain) 

The chemical activity of benthic organisms has traditionally been 

~:~:;:~hi~~l d~I!~~~~~t!~~~~~ ~;oi~~t~n~iology, ecology, systematics, 
Allelopathy as· an ecological ·phenomenon has been comparatively 

much less studied in the Mediterranean Sea (Amade et al., 1987) than in 
tropical and temperate Atlantic zones. 

In this sttldy we looked for the taxonomical and ecological 
distribution of the following activities - Antibacterial (BACT) 
Antifungic (FUNG), Antiviral (VIR), Cytotoxic (CYT) and Antimitoti~ 
(MIT) - in Western Mediterranean benthos. 

800 samples were taken by SCUBA diving in October 1988 during a 
survey aboard the "B/0 Garcia del Cid". The zone prospected includes 
the Balearic Archipelago and the Columbretes Islands (Western 
Mediterranean). The different communities found in the 27 sampling 
stations, were sampled. These samples yielded a total of 225 species of 
benthic algae and invertebrates distributed in ten groups of 
communities: Communities of photophilic algae (PA), Communities of 
sciaphilic algae (SA), Precoralligenous (PC), Coralligenous blocks 
lower side (CBL), coralligenous blocks, upper side (CBU), Semi-obscur~ 
caves (SOC}, Habitats under blocks (UB), Posidonia ~ meadows 
(PM), Detritic bottoms (DB) and Euryhaline and eurytherm lagoons (EEL). 

The antimicrobial activity of the crude organic extracts was 
tested by -che diffusion method on cultures of two strains of bacteria 
and two of fungi. Antimitotic tests were performed on leucemic cells of 
mice. For antiviral and cytotoxic activities the tests were performed 
on Herpes simplex viruses and on vesicular stomatitis viruses. 

cytotoxic and antimitotic activities are the most abundant, and 
are widespread in almost all the taxonomic groups studied (Fig. 1) • 
Porifera and Bryozoa are, generally speaking, the most active taxa 
except for the cytotoxic activity which is better represented i~ 
Tunicates than in Bryozoa. Antimitotic activity is the most remarkable 
feature in Porifera and Bryozoa, whereas cytotoxic activity is 
noteworthy in Porifera, Tunicata and cnidaria. Antibacterial and 
antifungic activities are well widespread only in sponges. Antiviral 
activity is, on the contrary, quite uniformly distributed among the 
~:~~~~!c a~~o~~~d=~~- a slightly higher incidence in Bryozoa, Porifera, 

Most of the resulting activities exhibit clear relationships with 
some structural and dynamic characteristics of the benthic communities 
(Fig. 2). Active species are in general much more abundant in 
sciaphilic/cryptic habitats (CBL and SOC) where filter-feeder 
surface-dependent invertebrates dominate from either a qualitative or ~ 
quantitative point of view (Res et al. , 1985) • Almost double the 
percentage of active species has been found in these communities in 
comparison with those from more photophilic environments (PA, SA, EEL, 
PM). This percentage reaches its lowest values in detritic communities 
(DB). The differences found among the photophilic communities are in 
general slight and they vary according to the type of activity. on the 
other hand, the Posidonia meadows exhibit relatively high percentages 
of antimitotic and cytotoxic activities, which could be influenced by 
the fauna associated with the rhvzome of the plant which is a rather 
sciaphilic one (Ros et al., 1985). The results of activities on samples 
from euryhalyn md eurytherm lagoons are difficult to interpret. These 
zones constitut.d a complex of different habitats that are poorly 
represented in our samples and require more complete studies. 

on the whole, cytotoxic and antimitotic activities are the most 
abundant (38.6% and 39.8% of active species respectively), and are 
widespread in all the communities explored. 

There are clear relationships between activities and taxonomic 
groups. Porifera, Bryozoa and Tunicata are on the whole the most active 
taxa. They have an important specific weight in the sciaphilicjcryptic 
communities and are therefore responsible for the hiqh activity rate. 
found there. The same taxa have demonstrated high levels ot activit7 ill 
other latitudes (Munro et al., 1989). 
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B-11112 
Responses of Subtidal Meiofauna exposed to a gradient of organic 

pollution (Gulf of Salerno, Italy) 

R. SANOULLJ" and M. de NICOLA-GIUDICI"" 

"Dipartimento di Genetica, Biologia generals a molecolare, Universita di Napoli, Via Mezzocannone 8, Napoli 
(ltalia) 

••stazione Zoologica "A. Dohrn", Villa Comunale, Napoli (ltalia) 

Resume : Nous avons analyse la structure de la meiofaune 
infralittorale et les parametres chimico-physiques du sediment 
dans une zone du Golfe de Naples exposee a des rejets d'eaux usees 
urbaines. Nous avons remarque des alterations biocenotiques 
caracterisees par les reductions de certains peuplements et 
1 'augmentation d'autres liees aux charges polluantes. 

The composition of meiofauna along an organic pollution gradient 
in the gulf of Salerno (Italy) was studied. Subtidal sediment samples 
for meiofaunal composition and physico-chemical parameters (Redox 
potential, particulate organic carbon, pigments) were collected 
quarterly at various distances from a sewage pipeline outfall at 25 
meters depth. Results of the environmental analyses (Table 1) 
evidenciate the increasingly stressed conditions towards the outfall. 
Redox values are extremely low up to a distance of 50 m from the 
outfall and tend to increase far from it. Particulate organic carbon 
levels, on the other hand, are very high in proximity of the outfall 
and remain markedly elevated up to 100 m from it; a distinct decline 
is evident proceeding far away from the source of pollution. 

TABLE 1 - Mean values of environmental factors (lJ.g·g-l sediment) 
measured into the sediment along a gradient of organic pollution. 

Distance Organic 
from outfall Carbon 

Outfall 8765 
50 m 6782 

100 m 4578 
200 m 2374 
400 m 748 

1500 m 806 

Chl. ~ Phaeop. 

0. 27 0. 91 
1.23 1.81 
1. 52 1.44 
1.88 1.38 
2.03 1.57 
1.97 1.69 

Redox Potential 
at 1 em depth (mV) 

-245 
150 
241 
283 
308 
296 

Meiofaunal data show that nematodes abundance is enhanced along 
a gradient of increasing organic enrichment until the environmental 
conditions deteriorate· significantly approaching the sewage outfall, 
where no nematode is found. Mesobenthic and epi-endobenthic copepods 
(Fig. 1) showed a differential response: mesobenthic forms decrease 
markedly and rapidly in abundance closer to the pollution source, 
while the epi-endobenthic copepods increase their numbers along a 
gradient of increasing organic enrichment, reaching the highest 
densities in proximity of the sewage outfall. It is remarkable that 
the harpacticoid Bulbamphiascus imus, an opportunistic species 
previously recorded in organically enriched environments (Marcotte & 
Coull, 1974; Sandulli & de Nicola, 1990) composed over 92 % of the 
total copepod assemblage. 
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FIGURE 1 - Mesobenthic and Epi-Endobenthic Copepods abundance along a 
gradient of sewage pollution. Values represent means between twc 
replicate samples, one of which is shown as bar. 

From this study it is evident that the structure of meiobenthic 
communities along a gradient of organic pollution, results 
considerably altered and possibly related to the environmental 
parameters considered. Moreover, the evaluation of the state of such 
communities may be very important to environmental perturbations 
assessment. 
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La Biocalcification chez le Corail rouge, Corallium rubrum 

Marie-Christine GRILLO et Denis ALLEMAND 

Centre Scientifique de Monaco, Laboratoire de Bio!ogie Marine, Mus9e Oceanographique {Monaco) 

Depuis le Neolithique, le Corail rouge de Mediterranee (Coral/ilim rubrum) fait l'objet de pecheries 
intensives (Grigg, 1974). Cette espece souffre actuellement de surexploitation aggravee encore par des 
problemes pathologiques dent l'origine exacte est inconnue (Rivoire, 1987). La seule solution adoptee 
jusqu'a present est Ia recherche de nouveaux banes vivant a grande profondeur (superieure a I 00 m.), 
solution a coun term~ qui ne peut qu'accelerer Ia disparition de l'espece. 

I! est surprenant de constater que, malgre la grande valeur economique de son squelette, 
!'exploitation du Corail rouge n'a pas ete associee a !'etude de sa biologie, qui est presque totalement 
inconnue ( CGPM,l988 ). Or, !'acquisition de bases biologiques est necessaire avant toute recherche 
appliquee. 

Par une approche multidisciplinaire, morphologique, biochimique et physiologique, notre objectif 
est d'ameliorer les connaissances fondarnentales relatives a cette espece afin d'ame!iorer ses conditions de 
maintien en aquarium et plus tard sa culture. Dans un premier temps l'etude de Ia biocalcification et de sa 
regulation a ete abordee. Etudiee chez quelques gorgonaires, elle n'a jamais fait l'objet d'investigations 
poussees chez le Corail rouge. Notre travail impliquera aussi une etude comparative de ce processus chez 
les Octocoralliaires. 

Les resultats preliminaires obtenus font !'objet de deux communications. La premiere presente l'etat 
actuel de notre etude sur Ia morphologie des tissus et des structures calcifiees du Corail rouge. La seconde -
Cornite de Microbiologie et Biochimie marines· pn!sente quelques elements de biochimie et de physiologic. 

La description morphologique des tissus et des structures calcifiees disponibles dans la litterature 
sent anciennes: Lacaze-Duthiers ( 1864), Muller (1910). Les etudes plus n:Centes concement uniquement Ia 
morphologie des organes genitaux et le developpement de !a larve (Vighi, 1970, 1972). Les seules donnees 
concernant la morphologic des structures squelettiques ont ete publiees par Weinberg (1976) a propos de la 
systematique des Octocoralliaires et par Mateu eta/. (1986) dans une etude sur Ia formation de l'axe du 
Corail. 

Les photographies de microscopic a balayage du squelette axial montrent une surface herissee de 
protuberances scleritoYdes de forme tres comparable aux sclerites rencontres dans les tissus. Ce qui a 
jusqu'alors donne a penser que Ia formation de !'axe squelettique etait realisee par !a fusion des sclerites 
grace a un ciment calcaire. L'origine de ce ciment n'a jamais ete determinee. 

Des observations en microscopic photonique ont ete realisees dans un premier temps avant 
d'aborder !'etude des cellules a l'origine des structures squelettiques. Une delicate mise au point a ete 
~ecessaire a~n de prepa~r les echantillons en vue de leur observation, ceci en raison de Ia fragilite des 
t1ssus (probleme de f1xanon) et de Ia presence des elements durs (sc!erites et axe). Les echantillons sent 
coupes soit apres decalcification, soit directement grace a des methodes inspirees de celles developpees 
pour etudier les dents OU les OS. 

L'observation en microscopic photonique de coupes transversales de Corail montre que les tissus 
entourant le squelette axial sent formes: 

- d'un ectoderme peripherique, monostratifie, 
- d'une mesoglee, 
·de cellules bordant un squelette axial 

. La mesoglee est composee de collagene (mise en evidence par coloration a !a picro-fuchsine de Van 
G1es~:m ), et parcou~e p~r ?ne tr~~ de cana.lrcules anastomoses ~ un rese~u general de gros canaux 
long!ludmaux, paralleles a l axe, s!lues en posll!on profonde. Au sem de ce t1ssus les sc!erites sent tres 
denses sous l'ectoderme avec lequel ils sent en contact etroit et beaucoup plus rares dans les zones 
profondes. Cette repanition inegale est confirmee par une microanalyse a rayons X du calcium. Les 
sclerites soot toujours associes a une ou plusieurs cellu1es tres reconnaissables deja observees chez les 
gorgones (Goldberg W.M. et Y. Benayahu, 1987), (Bouligand Y., comm. pers.) . 

Au contact direct du squelette axial, des cellules semb1ent former un epithelium. L'existence de cet 
epithelium, pressenti par Bayer (comm. pers. 1989) n'avaitjamais encore ete demonrre. nest constitue de 
cellules en "champignon" epousant l'espace existant entre les protuberances scleritoldes de !'axe. Ces 
cellules sent reliees entre elles par de fins prolongements cytoplasmiques. Leur rnorphologie generale 
rappelle les cellules a cheminees decrites chez Veretillium par Franc eta/. (197 4). 

colonie~~tg~n~;~~n~g~~ ~~s~~:x:i~:: :e~c~~~~tn:~ucoup pJus anarchique au niveau de !'apex de Ia 

Les structures sque1ettiques (sclerites et axe central) montrent apres decalcification Ia presence d'une 
abondante matrice organique, constituee dans une large part de mucopolysaccharides (demontre par 
histochir.nie). Cette matrice presente aussi bien dans les sclerites que dans !'axe un agencement 
concentnque, que !'on peut observer dans les structures squelettiques non decalcifiets en microscopic a 
balayage . 

Dans le but de comprendre les mecanismes de formation des structures squelettiques nous avons 
egalement etudie l'ultrastucture des scleroblastes et des cel!ules bordant !'axe en microscopic electronique a 
transmission, et localises par histochimie deux enzymes cles dans les processus de calcification: Ia Ca++. 
A TPase et !'anhydrase carbonique. · 

. Nos resultats encore prelimi~aires presen~ent pour Ia premiere fois une etude morphologique des 
nssus entourant le squelette du Corrul rouge. Ils dernontrent, de plus, que l'accroissement du squelette axial 
est centripete, elabore par l'ajout de couches concentriques de fa9on similaire a Ia croissance de Corallium 
jonhsonni (Lawniczak, 1987). Les cellules bordant !'axe pourraient etre a l'origine de la formation de ce 
dernier. Les protuberances scleritoYdes apparaissant tant a Ia surface de !'axe que dans l'interieur merne de 
ce demier sous Ia forme de demi sclerites convexes ainsi que !'absence de sclerites en voie de fusion 
remettent en cause !'hypothese admise generalement d'une formation par migration des sclerites puis leur 
soudure . L'etude de !'ultrastructure et de Ia physiologie de ces cellules liordant !'axe rapprochee de celle 
des cellules entourant les sclerites permettra de definir les modes de formation de !'axe du Corail rouge. 
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Evolution des Peuplements Macrobenthiques du substrat sableux sur 

le Littoral Roumain 

Victoria TIGANUS 

lnstitut Roumain de Recherches Marines, Constanta (Roumanie) 

Le travail se retere aux recherches d8:roulees dans l' intervalle 1983-1987 sur 
la communaute des sables a Corbula. mediterranea, couvrant un reseau de 30 stations 
(environ 300 echantillons qllantitatifs) aux profonderus de 5 m, 10 m et 20 m. 

on a enregistre 74 eapeces en ensemble, dont seulement six avec une frequence 
au-dessus de 50%, deux ayec 30-50% (Tableau 1), et 53 especes au-dessus de 10\ (31 
de ces dernieres dans un" seul echantillon} ~ Il y a done une grande uniformite de la 
structure qualitative faunistique dans la zone etudi€-e: sans tenir compte de la 
profondeur ou de la zone, la macrofauna est representee principalemente par lee 7-8 
eep~cee A grande fr~quence~ De mQme, la structure quantitative est homogene elle 
aussi, se caract~risant par la domination num~rique des polychetes (lea quatre 
eepecee a grande frequence) et, comme biomass.e, par celle dee bivalves 
(principalement Hya arenaria) (Tableau 1). 

Tableau 1. Frequence {f%) ed dominance (D%) comme densite et biomasee 
des principales especes macrobenthiques 

Especes D% - Densites 0% - Biomasses 
f% 1983 1984 1985 1986 1987 1983 1984 1985 1986 1987 

Neant.hes succinea Leuk. 89 13,5 8,5 4,2 4,6 8,8 
Spio filicornis O.F.M. 90 36,7 56,3 65,2 28,3 35,8 
Polydora ciliata limicola Ann. 65 28,4 14,9 0,9 16,5 4,2 
Capitella capitata Fabr. 70 9,3 10,3 3,3 14,8 10,5 
Cardium edule L. 57 2 1 7 0,6 0,6 0,8 1,7 
corbula medit.erranea Costa 46 3,9 2,9 16,2 4,2 2,2 
Mya arenaria L. 
Ampelisca diadema costa 

64 2,2 3,4 1,1 18,7 2,7 
38 5,0 0,7 0,3 0,4 0,1 

1,9 4,1 0,4 2,0 5,8 
6,5 23,9 31,1 8,1 12,1 
4,8 3,8 0,8 8,6 1,8 
1,0 2,1 0,7 1,0 0,6 

22,1 14,3 15,9 13,1 12,7 
9,7 5,4 11,4 3,4 8,6 

33,3 27,6 20,7 45,4 35,4 
2,3 2,3 1,5 0,6 0,4 

Par rapport a la structure enregistree en 1961 ( 1), la reprise des recherches 
efi 1983 a mis en evidence une communaut~ appauvrie, form~e dana la plupart des 
peup1ements de quelques elements tolerants (3}. 

Pendant la p€:riode 1983-1987 ont peut distinguer deux p€:riodes differ~ntes de 
l 'evolution de la structure de cette communaute: 1983-1985 et 1986-1987. 

Au cours de la premiere periode on constate: a) 1 'enrichissement qualitatif 
(Tableau 2); b) la croissance de la densit~, plus forte A 5 et 8. 10 m {Tableau 3); 
c) la croissance de la biomasse a 5 m et sa diminution 4 10-20 m, comme suite d 'une 
regression des peuplements de Mya (Tableau 3); d) des changements entre les 
proportions des esp9ces dorninantee, c~est a-dire 1 'augmentation de 0% de certaines 
especes caracteristiques de la biocSnose, done plus sensibles (Corbula, Spio) et la 
reduction de D% des especes tol8rantes (Polydora, Neant.hes) (Tableau 3); e) la 
penetration et 1 'auto-acclimatation de Scapharca inaequivalvis (BRUG.) (3) .. 

Done, pendant cette premiere pSriode la communaute s•est regenere, en raison 
d'une ampleur reduite des "floraisons" (2) 1 male la structure de la communautA reate 
tres degradee par rapport aux annees 1960. 

Au cours de la seconde periode, 1986-1987, a eu lieu un nouveau processus 
d, appauvriseement qualitatif, ainsi que la proliferation des el'~mente tol~rants, le 
phenomene Stant plus intense a la profondeur de 20 m (Tableau 1,2 et 3). Cette 
tendance indique 1, interruption du ph9nomene de regeneration de la bioct!nose et la 
pourauite de sa degradation, son Stat s'approchant de celui de 1983. La principals 

cau•• en est lea fortes floraieons des mois d •ete, sui vies de 1' installation de 
conditions d'hypoxie (2}. 

Tableau 2. Nombre d#especes des principaux groupes d'organismes macrobenthiques 

Groupe 1961 1983 1984 1985 1986 1987 

Polycladidae 
Mollusca 19 12 12 15 15 11 
Polychaeta 24 12 11 12 12 
Cirripedia 1 
cumacea 
Isopoda 
Decapoda 
Amphipoda 17 11 10 
Chironornida 
Phoronidea 0 1 1 1 
T o t a 1 79 39 44 49 34 26 

Cette instabilite de la communautt!, son appauvrissement, 1 'honog6n6isation 
sp9cifique, la proliferation des 6l~ments tol9rants, attentent un grave des6quilibre 
ecologique. Malgre 1 'existence d • une p9riode de r6g9n6rationrn dans 1 'ensemble, la 
degradation de 1a communaute en conditions, de forte euthrophisation, A 1 '6chelle de 
pluaieurs ann9es, est continue, mais son intensites varie, elle d~pende de la 
fr€:quence et de 1' intensite des "floraisons... L'exiatence de cette pttriode de 
regeneration indique neanmois que dans cette phase, lea transformations negatives ne 
sont pas encore ir9versibles, une amelioration des conditions du milieu pourraient 
determiner, en quelques annees, A la reg~n~ration presque compltlte de la communaut6. 

Tableau 3 ~Evolution des d9nsit9s et des biomasses generales moyennes du macrobenthos 

oensitee Biomasses 
An nee 5 m 10 m 20 m Moyenne 5 m 10 m 20 m Moyenne 

1983 31.350 19.727 17.659 22.912 149' 45 445,80 222,60 272,60 
1984 129.760 94.671 15.700 80.044 397' 59 171,06 32,12 200,30 
1985 424.248 87.204 78.712 196.721 859' 98 157' 94 133,84 383,90 
1986 37.685 19.693 12.612 23.334 430,94 99,05 4'1,49 191,49 
1987 60.910 29.020 10.320 33.436 338,01 347,66 15,43 233,70 
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Banyuls-sur-Mer (France) 

Dans le milieu marin, on admet genera.Jement que Ia continuite des cycles de vie depend des conditions 

physiques du milieu, a Ia fois de leur valeur absolue et de leur fluctuation. Cette hypothese de travail 

necessite !'evaluation, au cours du deroulement d'un cycle de vie et de !'evolution pluriannuelle des 

populations, de Ia part respective des processus biologiques et des processus physiques. Parallelement, 

l'estimation des incertitudes sur les mode!es dynamiques suppose Ia comprehension des mecanismes mis en 

jeu. Deux categories de mecanismes sont defmis: !a dis.semination en pleine eau et le retour sur le fond. 

Deux especes d'Annelides Polychetes de !a famille des Terebellidae: Eupo/ymnia nebulosa et Lanice 

cone hi/ega out ete retenues; elles difierent par !'emplacement de Ia periode de reproduction sur Ie calendrier 

saisonnier, Ia strategie employee au cours de cette reproduction, Ia fecondite, le rapport gonado-somatique, 

Ia duree du sejour des larves dans le plancton, la repartition sedimentaire des adultes ... 

Afin de mocleliser Ia dissemination larvaire et le cycle de vie de ces especes on a choisi de collecter le 

maximum de donnees concernant les differents stades de developpement de l'espece, afin de Ies inserer 

ensnite dans un cadre physique. Cette integration necessite le developpement de modeles de dispersion 

associant parametres biologiques et physiques. A court terme les objectifs sont au nombre de trois: 

a) terntiner !'identification des parametres des cycles de vie des especes modeles; b) estimer Ia flottabilite des 

larves en pleine eau; c) etablir les relations larves-sediment. A moyen terme il s'agit de reconnaitre les 

sources de fluctuation interannuelle des populations adultes. 

L'experimentation en laboratoire repose sur Ia combinaison de 7 elements favorables. a) Le nombre de 

larves impliquees dans chaque experience est toujours suffisamment eleve pour autoriser !'utilisation d'une 

enceinte de large volume, de l'ofdre de 60 litres. b) Cette demiere, de type canal ferme, contient une eau 

circulant au-dessus de plaques amovibles recouvertes de substrats divers. c) La dun!e de !'experience, de 

l'ordre de 2 jours, permet de ne passe limiter a !'enregistrement d'une arrivee a proximite du fond, mais de 

prendre en compte l'etablissement meme de !a larve sur le sediment. d) La detection d'une reussite de 

l'etablissement s'effectue par l'observation aisee d'un tube. e) Le synchronisme de Ia fixation a l'avantage 

de foumir un ensemble d'individus d'age homogene. f) La duree de vie planctonique de l'espece etant 

rednite, !'experimentation peut se faire rapidement. g) L'utilisation de Ia photographic des substrats en place 

permet un comptage aise en evitant une manipulation qui perturbe les repartitions initiales. 

Chez E. nebulosa, le substrat remplit differentes fonctions vis a vis des larves arrivant a son contact: il 

donne un support de fixation dur et stable pour l'immobilisation et l'ancrage; fournit un materiel manipulable 

pour !a construction du premier tube et contient une quantite minimale de microparticules pour Ia nutrition. 

Les"!imites granulometriques sont les suivantes: limite inferieure des elements necessaires a Ia fixation: 250 

J.l.m en mode calme; limite superieure du materiel de construction: 80 a 100 J.tm; limite superieure des 

elements nutritifs proche de 8 J.l.m. Dans le contexte plus large de Ia constitution d'un peuplement d'adultes, 

il se produit une selection anterieure a 1' etablissement larvaire, en relation avec les capacites de choix des 

larves pendant une courte periode. Cette selection n'elimine pas cependant Ia possibilite d'une autre 

selection, posteneure a l'etablissement et mettant en jeu Ia competition intraspecifique. II est enfin montre 

que les larves sont capables de s'installer sur un substrat nature! qui n'a jamais permis Ia recolte d'adultes. 

Pour que le lieu de fixation entraine Ia presence des adultes, Ia dissemination reduite (contr6lee a Ia fois par 

des caracteres biologiques et physiques) joue un role essentiel. 

L'observation de Ia larve aulophore deL. conchilega est faite dans une quantite d'eau suffisante pour 

que les conditions de deplacement soient similaires a celles du milieu nature!. La position et Ia stabilite de 

cette larve dans la colonne d'eau dependent de !a secretion d'un cordon muqueux et non de Ia circulation de 

I'eau entre le corps de Ia larve et Ia paroi du tube. Malgre Ia longue duree de vie planctonique, Ie milieu marin 

n'exerce pas une action necessairement dispersive: un sui vi planctonique regulier en un meme point permet 

de recolter les differents stades de developpement: premiers tubes benthiques detritiques, tubes muqueux 

planctoniques occupes par des larves ayant de 1 a 5 tentacules. Certaines particularites topographiques 

entrainent une retention par suite du trajet en boucle des courants comme il a ete montre en baie de Banyuls. 

A une echelle spatiale plus reduite, au niveau de Ia couche limite de fond les memes larves exercent une 

capacite de choix bien reelle: elles peuvent s'ancrer sur le substrat en resistant a une vitesse de 4 crn/s ou 

regagner !a colonne d'eau. 

Une interaction des processus biologiques et des facteurs physiques du milieu est done observee aux 

niveaux macroscopique et microscopique. II n'est pas realiste, au moins dans les conditions experimentales 

utilisees, d'assimiler les stades larvaires a des elements physiques passifs. 
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Les Bryozoaires des profondeurs bathyales de Ia Mediterranee sent tras peu connus. Las recherches ant 
eta effectuees essentiellement en Mediterranee meridionale (Mer d'Aiboran at Golfe de Syrthe) (d'Hondt, 1977; 
David at Pouyet, 1979; Harmelin at d'Hondt, 1982). Eh outre, les echantillons proviennent, en majeure partie, 
de Ia partie superieure de Ia pants continentale et ceux qui depassent 1.000 metres sent peu nombreux. 

La presents note decrit Ia fauna de Bryozoaires recoltee par un dragage effectue en mer Tyrrhenienne 
septentrionale, a I'Est de Ia Corse, sur le versant occidental des Monts Etrusques (445- 1.265 m; 41° 41,20' 
N; 10° 18,50' E - 4 1" 41,20' N; 10° 23,00' E; Station BS 78/38; Campagne "Bacini Sedimentari" 1978) {Bacini 
Sedimentari, 1 979; Torelli at Buccheri, 1981 ). 

Le sediment est una vase de couleur ocre, fluide, m91ang9e avec quelques fragments d'une croUte 
ferromanganesifere. Les restes organogenes compris dans ce sediment sent donnas essentiellement par des 
Mollusques, des Brachiopodes, des PolycMtes, des Coraux, des Bryozoaires et des Foraminiferes en majeure 
partie bien preserves. Peu de fragments sent recouverts par l'enduit noiratre d'oxyde de manganese typique des 
sediments de profondeurs. Les coquilles remplies de sediment calcaire deja solidifie sent relativement plus 
frequentes. 

La thanatocoenose a Bryozoaires est interessante dans Ia mesure ou aile comprend un lot important 
d'especes qui caracterisent les associations bathyales .actuelles de !'Atlantique oriental at, en particulier, Ia 
Golfe de Gascogne at Ia pente continentale au large des cotes poitugaises {Region Lusitanienne). 

Trente-six especes ant ate determinees dent 9 Cyclostomida, 10 Anascina at 17 Ascophorina. Las 
Cyclostomes sont bien repr9sent9s malgre Ia grande profondeur; mais de nombreux exemplaires sont 
extremement fragmentes at ne sent identifiables qu'a un niveau generique. De mllme, plusieurs Anascina sent 
representes seulement par tres peu de fragments monozoidaux. 

Parmi las taxa determines a un niveau specifique, on peut distinguer 3 groupes differents. 
Le premier groupe, caracterise par des specimens d'aspect particulierement frais, comprend 

seulement tres peu d'especes. II s'agit de Anguisia verrucosa Jullien, Setose/lina cf. capriensis WATERS, 
Pal micella ria elegans Alder et T essaradoma boreale Busk. De toutes ces especes, seule S. capriensis est Ia 
plus courante en Mediterranee aussi bien sur le plateau continental que sur Ia pente. Par centre, P.elegans et T. 
boreale sont des especes de profondeur qui sent particulierement rares en Mediterranee ou elias ont ate 
signalees tres peu de lois par Gautier {1962), Harmelin {1976) at Zabala {1986), mais qui sent relativement 
courantes en Atlantique nord-oriental. T. boreale, en particulier, est une especa stenotharme !raids mais 
eurybate presents en Atlantique entre 70 et 3.700 metres de fonds dent Ia temperature rests comprise entre 2 
et 13° C (Cheetham, 1972 fide Hayward at Ryland, 1 979). Entin, A. verrucosa, est une espace bathyale 
signalee en Meditarranea a des fonds situes a 500 metres environ dans Ia Golfe de Syrthe {Harrnalin et d'Hondt, 
1982) et a 550 metres, au large de Marseille {Jullian, 1882). Catte especa est aussi assez commune en 
Atlantique nord-oriental au aile a ate marne relevee a de plus grandas profondeurs {Jullien, 1882; Harmelin, 
1977). 

Le deuxleme groupe est forme par des especes d'un aspect mains frais mais encore en assez bon etat de 
conservation. Les espSces suivantes sont actuallement toutes vivantes an Mediterran&e: Setoss/la vulnerata 
Busk, Caberea boryi (Audouin), Tervia irregularis {Menaghini), Copidozoum axiguum {Barroso) et Serle/la 
couchi biaviculata Waters. Sules las trois premieres sent tras courantes alors que C. exiguum et Serle/la 
couchi biaviculata n'ont ate citees que tres peu de lois. Leur distribution bathymetriqua est relativemant 
etandua mais las trois darnieres aspeces semblent litre excluas de l'lnfralittoral et du Circalittoral superieur 
{Harmalin, 1976; Harmelin, com. pars. et donnees pers.inadit.). 

Toutes cas &spaces sont done compatibles avec las fonds dragues et leur fragments pouvent 
vraisemblablament provanir du peuplement actual. 

Entin, le trolsleme groupe est, de loin, Ia· plus interasant. II est forme de plusiaurs &spaces dent 
"Palmicellaria" inermis Jullien, Bugule/la elegans Hayward, Scrupoce/laria jullieni Hayward, Jacu/ina 
tesse/lata Hayward, Serle/la ct. sparteli Calvet at "Cheilonel/a" sp.de Harmalin (1977). Toutes cas espaces 
ant eta decrites sur des specimens provanant de !'Atlantique nord-oriental et n'ont ate citees qua rarament des 
fonds de Ia pente continentale ou du rabord du plateau continental {Jullian, 1662; Hayward, 1978; 1979; 
d'Hondt, 1974; 1975) au, encore, dans des zones d'upwalling dei'Atlantique nord-oriental (Harmalin, 1977). A 
ce groupe on peut ajouter Gemellipora eburnea Smitt at Euginoma vermiformis Jullien, especes tri>s courant&s 
en Atlantique nord-oriental at qui, salon l'etat actual des connaissancas, ont una repartition geographiqua plus 
etandue que las precedantas. En outre, cas deux especes sent repanduas a un intervalle bathymetrique plus 

etendu qua calui des autras dans Ia mesure ou alias sent respectivement distribuees antra 200 et 3.307 metres 
at 200 at 5.150 metres (Hayward, 1961 ). A noter, que las signalisations las plus superficielles se referent a 
una station touchet\ par des upwellings (Harmelin, 1977). 

Qualques-unes des espacas de ce troisieme groupe, com me B. e/agans, S. jullieni, et E. vermiformis , 
representant una composante, peuHltra andemique,.de Ia fauna a Bryozoaires de Ia pent& continentale de 
!'Europe atlantique. Cat ensemble serait typiqua de Ia tranche bathymetriqua correspondanta a Ia pente 
continentale ou elias ont ate trouveas jusqu'a des profondaurs variables mais, de tout lacon, inferiauras a 4.000 
metres ("middle depth fauna• de Hayward, 1978). A ca groupe, on peut ajouter J. tesse/lata, P. inermis e S. 
sparteli lesquellas, ant, de toutes lacon, una limite inferieura de distribution plus superficielle qui va de 1.000 
a 1.500 metres {Hayward, 1979). 

Aucune de cas especes n'a jamais eta, jusqu'a present, signalea an Meditarranee. Leur presence en 
thanatocoenoses meditarraneennas est, peut-etre, a mettre en rapport avec las migrations de Ia fauna froid& 
d'origine atlantique qui sa sent produitas, a plusiaurs reprises, pendant las penodes froides du Pleistocene. En 
particulier, l'aga de Ia fauna examinee se rapports au Wurmian pour ce qui est de Ia position des sediments 
consideres (Torelli at Buccheri, 1981). Las especes du troisiame groupe pourraiant done rapresentar un stock de 
Bryozoairas vivant actuellement en Atlantique nord-oriental mais qui ont aussi colonise las milieux bathyaux de 
Ia Mediterranee pendant des phases froides du Pleistoci>ne, en !'absence du regime d'homotharmie typique de Ia 
Meditarranea actuelle. De telles especes pourraient done etre considereas comma des "hbtas atlantiques• sensu 
Di Geronimo at U Gioi {1 980). Des faunas de signification analogue, mais appartanant a d'autres groupes 
taxonomiquas ont eta signalees recemment par Ia merna echantillon {Di Geronimo et Zibrowius, 1983) au dans 
des echantillons provanant de Ia marne zone {Di Geronimo at U Gioi •• 1980; Di Geronimo et Bellagamba, 1985) 
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B-III17 
Etude et mesures des facteurs abiotiques dans l'infralittoral rocheux 

Jean MARINOPOULOS 

Station Marine d'Endoume, Rue de Ia BaUerle des Lions, 13007 Marseille (France) 

Abstract· - The study of abiotic factors ,light and hydrodynamics. and the 
relation bet-ween factors and infralittoral assemblages of Marseille's rocky 
substrata allowed to understand the diversity of the assemblages. 

Les peuplements de substrats rocheux de l'etage Infralittoral presentent une 
diversite physionomique dUe essentiellernent aux facteurs abiotiques dominants; 
lwni€:re et hydrodynamique (Peres, Picard 1964). L' etude (Marinopoulos 1988, 
1989) comparative des peuplernents infralittoraux (0-40rn), et des peuplements 
coralligEmes (.3. partir de 40m) a perm is de subdiviser 1' Infralittoral rocheux 
dans la region de Marseille en Infralittoral ou horizOn superficiel (0-lm), 
moyen (2~14m) et profond (15-40m). Des enregistrements de l'9clairement 
scalaire de la Radiation Active pour la Photosynthese (R.A. P., flux des photons 
de 400-700nrn) ant ete effectues au niveau des horizons et ils ont montre 
qu' une station donnee possede un profil topographique qui lui est propre; elle 
rec;:oit en un an uncertain flux de photons, tributaire de cette individualite 
topographique. Ce flux de photons varie entre une valeur minimale 
(enregistrements hivernaux) et une_ valeur maximale (enregistrements estivaux). 
ce qui correspond a "l' amplitude maximale annuelle". Cette amplitude propre A 
chaque station permet de classer et de comparer les stations et les horizons de 
l' Infralittoral entre eux. Cette ·methode evite les erreurs des methodes basees 
sur des valeurs relatives et sporadiques de certains auteurs (Vasseur 1981, 
Jaubert 1987). 

La comparaison hydrodynamique entre les peuplements se fait par le calcul du 
flux moyen d' energie (k'W/m) transmis par vague par unit€. de longueur de crete et 
a permis d'expliquer la diversite faunistique des peuplements superficiels. Le 
calcul des vitesses orbitales des particules liquides des vagues (m/s) a permis 
d' expliquer 1' homogemH te faunistique des peuplements sub- sciaphiles. 

Dans d' autres secteurs geographiques, les memes valeurs des facteurs abiotiques 
ne se trouveront pas necessairement aux memes profondeurs. 

L' infralittoral superficiel re9-oit la presque totalite de la R.A.P mais 
son effet direct sur la distribution de la faune n' a pas pu etre mis en 
evidence de fa9on significative. L' energie hydrodynamique ret;:ue par les 
peuplements algaux varie d''..lne dizaine de klJ/m pour les peuplements de mode 
battu (Cyscoseira scricta) a des fractions de k1J/m pour les peuplements de mode 
calme (Cystoseira crinita). Les diff€.rentes stations de mode battu ant des 
differences d'energie hydrodynamique d'une dizaine de ktJjm qui n' influencent pas 
1' aspect physionomique algal. Les stations de mode calme ont des differences 
d'energie hydrodynamique faibles, sans influence sur la distribution quali
tative et quantitative de la faune. 

Dans 1' infralittoral moyen a 2m et a 12m de profondeur, il ne reste que 9 et 
2t: respectivement des vitesses de particules liquides de surface. Pour les memes 
perturbations en surface, a la merne profondeur et pour des configurations de 
substrats differences, les differences d' hydrodynamique sont de 1' ordre de 60 
%. Selon la profondeur, la configuration et la localisation topographique des 
stations, 1 • amplitude annuelle de la R.A. P varie du simple au double. 
L' amplitude et 1' intensite des facteurs abiotiques s • attenuent au niveau du 
substrat (ombre ou ecra"n hydrodynarnique cree par les algues et les animaux. 
sessiles eriges). Ces conditions de "sous~s_trate" tendent A uniformiser la 
distribution qualitative de la faune, et les differences quantitatives de la 
faune vagile sont faibles. 

Dans 1' infralittoral profond la _R.A. P et l'hydrodynamique, ant des intensites 
et des amplitudes tres faibles. Entre 20m et 40m, en pleine eau, il ne reste 
que lOt a 1 % de la R.A.P re~ue A 1a surface; a 50m et A 70m (Coralliglme) il 
n'en reste que 0,4 A 0,13%. Les courants littoraux sont faibles et seul le 
courant geostrophique (dans la region de Marseille), peut etre violent (2m/s) 
mais de courte duree. 'L'ecran forme par les populations denses de Gorgonaires 
attenuent l 'bydrodynamique et diminue de 40% environ la R.A.P rec;:ue en pleine 

eau A la meme profondeur. Ainsi, les conditions abiotiques sont proches de 
celles qui r8gnent au niveau du Cora.llig@ne. 

Les horizons de 1 • Infralittoral rocheux sont ca.racterises par certaines 
valeurs moyennes de lumiere et hydrodynamique. Ces facteurs n'ont pas 
n6cessairement la n:eme intensit8 dans chacune des stations referables au meme 
horizon. Par consequent on aboutit a une diversite physionomique des 
peuplements. L'horizon lui-merna est la synth8se de cette diversite. La 
biocoenose (ici la biocoenose des Algues photophiles) elle-meme est la synthese 
de ces horizons. 

Tableau 1 : Caract4ristiques succ.inc.tes des horizons de 1' Infral1.ttoral des 
subs_trats rocheux dans la rl!gion de Marseille. (*) En dehors de 1' influence des 
parois rocheuses. (**) Eclairement scalaire. (***) Valeurs moyennes. chaque 
station possede sa propre amplitude. 

INFRALITTORAL superieur moyen 

profondeur (m) 0-1 2-14 

au niveau du .substrat 
Radiation Active 
pour la Photosynthese. (**) 
Amplitude annuelle. (***) 
(va!2ur~1extremes) 53,3 (55-1,7) 
E.m .d 

Hydrodynamique 

Energ.ia en kW/m 
mode battu 
mode calma 

Vitesse (m/s) maximale 

14 a 4,8 
0,240 A 0,037 

des particules liquides 20 a Om 
pour des vagues de hauteur 3,19 a lm 
significative Hs-lm 

Courants littoraux (m/s) 

Courant.s gSo9trophiques (m/s) 

References bibliographiques 

2 A 4m 
23,2 (25-1,8) 

8 A 12m 
10,21 (ll-0,79) 

1,83 a 2m 
0,40 A 12m 

0,1 

inferieur 

15-40 

en pleina eau (*) 

20m 
5,32 (5,5-0,18) 

40m 
0,532 (0,55-0,018) 

< 0,1 
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Zonation des peuplements de substrat rocheux de l'infralittoral 

Jean MARINOPOULOS 

Station Marine d'Endoume, Rue de Ia Batterie des Lions, 13007 Marseille (France) 

Abstract - The study of infralittoral assemblages and abiotic factors ,light 
and hydrodynamics, and the relation between factors and asse~blages allowed to 
divide Infralittoral zone of Marseille's rocky substrata. This division is based 
on ecological criteria. 

Les peuplernents des substrats rocheux de 1' etage Infralittoral presentent une 
diversite. physionomique dUe essentiellement aux facteurs abiotiques dominants: 
lumiere (Radiation Active pour la Photosynthese - R.A.P) et hydrodynamique 
(Fe res, Picard 1964). 

L' etude comparative des peuplements infralittoraux (0-40m), et du Coralligene 
(a partir de 40m) ainsi que des facteurs abiotiques a perm is de subdiviser 1' In
fralittoral rocheux sur des crit€.res ecologiques (Marinopoulos 1988 et 1989). 
Des pnHevements (95 pnHC.vements en 10 stations) dans la region de Marseille, 
d'une superficie de 20cm x 20cm, ont ete effectues aux niveaux hydrodynamiques 
d€.finis par Riedl (1964). L' aire minimale calculee, ·pour une station donmie, est 
de 5 pr~Hevements. Outre cette subdivision, bas€.e sur des critC.res €.cologiques, 
on a fait intervenir le parametre profondeur dans le but de rnieux situer, dans 
la region de Marseille, les differents horizons. Dans d' autres secteurs 
geographiques, les horizons ne se trouveront pas n€.cessairement aux memes 
profondeurs. 

- Infralittoral superficial ou horizon superficiel : 0-lm de profondeur 
- Infralittoral moyen ou horizon moyen : 2-14m de profondeur. 
- Infralittoral profond ou horizon profond : 15-40 m de profondeur (jusqu' au 

debut du Corallig/me). 
Dans 1' Infra littoral superficiel, l' intensite. et l' amplitude des facteurs 

R.A.P et hydrodynamique, sont €:levees. Les peuplements algaux superficiels sont 
situes le long d' un gradient hydrodynamique dU a 1' agitation de l' eau et ils se 
pr€:sentent sous plusieurs aspects differents les uns des autres du fait de la 
predominance d' une espece (Bellan-Santini 1969). L' affinite faunistique entre 
les peuplernents situ€:s aux extremites du gradient hydrodynamique de cet horizon 
superficiel est inferieure a 20% (indice de Jaccard). Les differentes stations 
de mode battu sous un aspect physionomique algal identique, ont une affinite 
faunistique faible, rna is les especes communes ont des abondances diff6rentes. 
Les stations de mode calme ont une affinite faunistique €:levee (Menioui 1983). 
L' Infralittoral superficiel peut etre considere comme un €:clatement de la 
biocoenose des Algues photophiles en plusieurs facies heterogenes qui 
fonction des conditions abiotiques. 

Tableau 1 : Car.acttliri.stiques succinctes des horizon. de l' Infralittoral 
substrat~ rocheux dans la r4gion de Marseille. 

suptlirieur moyen inf4r1eur 

profondeu~ (m) 0-1 2·14 15·40 

Indice de Jaccard t entre-stations. 

mod• battu 30 
mode calme 60 

60 66 
Indica de Jaccard \ entre-horizons. 

suptlirieur/moyen 31 
supt§rieur/inf4rieur 18 
moyen/inferieur 46 

Shannon-Wiener 3,12 5,57 6,2 

Rlcheue sp4cif1que 309 238 

Dans l' Infralittoral moyen 1' amplitude et 1' intensite des facteurs abiotiques 
s 'att€:nuent davantage au niveau du substrat a cause de 1' ombre ou de 1' ecran 
hydrodynamique cree par les algues e t les animaux sessiles eriges. Ces 
conditions de "sous-strate" tendent a uniformiser la distribution qualitative de 
la faune, et les differences quantitatives de la faune vagile sont faibles. 
L' affinite faunistique entre les differentes stations de cet horizon est elevee. 
La faune de 1' infralittoral moyen est constituee, d' une part, d' especes qui lui 
sont propres et qui dominent quantitativement le peuplement, et d'autre part, 
d' especes originaires des autres horizons et du Coralligene , ave~ de faibles 
abondances. Horizon charniere de 1' €:tage Infralittora.l, recevant la. faune 
photophile et scia.phile des substrats rocheux, l' infralittora.l moyen presente 
une richesse specifique et une diversite specifique €:levees. 

Figure 1. Discriminat:ion des horizons de 1' infralittoral et du corallig4ne A 
l'aide de l'analyse factorielle des correspondances. Plan factorial (x:l,y:2): 
1-infralittoral superficial, 2•1nfral1ttoral moyen, 3-infralittoral profond, 
4-coralliglme. Les espilces sont cod~es (point:s de Al A z99) (Marinopoulos 
1988)]. Chaque point repr4sent:e plusieurs points groupes. 
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J:'Infralittoral profondetait cons1a.ere comme un "aspect" du Coralligene et il 
eta it rat tache a la biocoenose du CoralligEme (Peres, Picard 1964). L'horizon 
profond ne possede pas Une faune vagile qui lui soit propre; par coritre, il est 
caracterise par une faune sessile. Des migrations importantes d'especes 
infralittorales et coralligenes venant vers cet horizon en font un ecotone entre 
1' Infralittoral et le Coralligene. Les echanges faunistiques de l'horizon 
pro fond avec le Coralligene sent importants. La ric hesse sp€:cifique et la 
diversite spekifique sont elevees. 
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Elements pour Ia connaissance de l'etat et de !'evolution des 
Communautes Benthiques de I'Ouest de Ia Mer Noire 

M.-T. GOMOIU et V. TIGANUS 

lnstitut Roumain de Recherches Marines, Constanta {Roumanie) 

Apres une longue interruption, en 1983 on a repris les recherche:_ sur le 
benthos du large du plateau continental roumain: on a constat€ que les d€reglements 
ecologiques survenus dans les biocenoses cOtieres des le d8:but des annees '70 se 
sent etendus aussi vers les biocenoses des fonds plus pro fonds (GOMOIU, 1985), dans 

les zones consicte:rees plus stables (GOMOIU, TIGANUS, 1977) ~ 
En 1989 nous avons entrepris un nouveau controle ecologique de sondage, 

couvrant une superficie d 'environ 17.000 km2 , entre lee isobathes 30-1.80 m. On a 
prBleve plus de 60 echantillons quantitatifs de 31 stations disposees dans un reseau 
cornprenant deux biocenoses majeures: ~ - biocEmose des moules de profondeur (30-
60 m) et aiMed - biocenose des vases blanches a Modiolus (60-180 ~), dont :es :ends 
au-dessous de -100 m sont tres peu peuples et appartiennent a 1 'etage pt§rl.asol.que. 
n, apres lea resultats obtenus de 1' analyse des echantillons, on peut tirer les 

conclusions generales ci-dessous: 
1. Dans l'ensemble de la zone etudi€:e on a enregistre 62 types d~organismes, 

dent 46 especes, la plupart macrobenthiques. 28% des formes (Neanthes succinea 
Leuck., Oridia armundi (Olap.), Polydora ciliata {Johnst~}, Cardium edule lamarckii 
Reeve, Mya arenaria L. 

1 
spisula subtruncata triangula {Renier), Rissoa, splend~d~ 

(Eichw.), Eulimella acicula {Philippi), Megamphopus cornutus Norm~, Tana.:ts cavol~n~ 
M.-Edw., synisoma capita (Rathke), Cumella pygmaea euxinica Baceacu, EndorelLa 
truncat:ula (Bate) 

1 
Actinothoe clavata (Ilmoni) etc.) ont ete rencontrees seulement 

en ~, 11% .(Terebellides stroemi Lars, Cardium papillasum Mil., Coremapus 
versiculatus (Bate), orchomene humilis (Costa}, Leptosynapta iphaerens O.F.M., 
stereaderma kirschbergi (Heller) etc~) seulement en BiMod et 61% sont communes dans 

lea deux biocenoses. • -2 
2. En 1989 le zoobenthos a eu en moyenne une densite de 87.000 ex • .m (85% 

vers 3% mollusques, 10% crustacea et 2% autres formes} et une biomasse de 95,67 
g.m-2 (25% vera, 68% mollusques, 1% crustacea et 6% autres formes); rnais son 
abondance var ie beau coup d ~ une station a 1• autre, diminuant generalement a me sure de 
la croissance de la profondeur (Tableau 1) • Le stock total du zoobenthos de la zone 
etudiee a ete de 1, 6 millions tonnes, valeur qui permet d '§valuer une production 
potentielle de 5, 8 millions tonnes (mais seulement 3, 7 millions tonnes de biomasse 
fratche utile: 62% vers, 21% mollusques, 4% crustacea et 13% autres organismes) • 

==================================================================================== 
Groupe a 30 - 60 m 

D-ex_m-2 B-g.rn-2 
d 'organismes 

60 - 100 m 
D-ex.m-2 B-g-m - 2 

100 - 180 m 
o-ex-m-2 B-g.m-2 

------------------------------------------------------------------------------------
Vera 136310 44,89 33646 7,89 13566 0.18 

Mollusques 3879 112,58 1935 34,51 2103 0,21 

Crust aces 12524 0,97 7134 0,99 1678 0,06 

Varia 1540 2,40 1600 10,74 110 0,09 

Z.OOBENTHOS TOTAL 154253 160,84 44315 54,13 17457 0,54 

==================:;::==============:::::================================================== 

3. Le zoobef!.thos le plus abondant comrne biomasse est celui de~ (30-60 m}; 
il constitue 75% du total du stock evalue en 1989. La zone typique des vases a 
Modiolus (60-100 m) abrite 25% du stock (dont 24% vit a 60-80 m); au-dela de la 
profondeur 'de 100 m, le benthos est tree pauvre, constituant seulement 0,035\ du 

total et etant represente seulement par le meiobenthos. 
4. Generalemerit, en 1989 la diversite du zoobenthos est reduite, la plupart du 

stock d' invertebres des eaux du large etant constitue d"e seulement quelques especes 
- celle qui, a une seule exception (Nelinna) etaient autrefois tres corrununes: 
Mytilus, Modiolus, Amphiura, Molgula, etc. (BACESCU et al., 1971). Il est 
significatif que Melinna (tree rare autrefois, rnais qui, depuis quelques annees, a 
cteveloppe des peuplements bien representeo en nombre et en poids aux profonderus de 
20-60 m) a elargi son aire vera lea profondeurs de 80 m, devenant la seconde espece 
importante du littoral roumain. Plus de 95\ du stock total du zoobenthos de ch~?.e 
bioc6nose etudiSe revient A moine de 10 especes qui, par leurs densite (D-ex.m ) , 
biomasse (B-g-m-2 ) et indice de densite (Id - racine carree du produit f.B) calcule 
pour les premieres 10 especes, ont A present une importance majeure dans la mer 

Noire (Ta91eau 2)-

BiMyt BiMod Lee premiers ·10 organismes (d'apres 
Id) dans les deux biocenoses B Id B Id 

Mytilus galloprovincialis (Lam-) 697 102' 69 84,17 11 11,31 15,56 

Modiolus phaseolinus (Philippi) 102 2,67 9,07 1290 23,02 46,22 

Cardium edule lamarckii Reeve 8 3,21 9,94 

Mya arenaria L. 0,81 2,50 
Spisula subtruncata triangula (Renier) 2,85 6,62 
Melinna palmat.a Grube 1492 42,20 64,96 170 5,40 17,56 
Protodryllus flavocapita'tus (Ulj-) 623 0,37 2,94 2197 1,36 9,35 
Nephthys hombergy Aud- et M--Edw. 17 0,09 58 0,34 4,69 
Balanus improvisus Darw. 114 0,14 2, 76 176 0,21 3,03 
Ampelisca diadema (Costa) 12 0,07 44 0,16 2,38 
Clunio marinus Hal. - larvae 2 0,06 339 8,62 15,70 
Phoronis euxinicola S. -Long. 1248 1,00 9,60 74 0,06 
Amphiura stepanovi Djak. 0,16 26 0,68 5,84 
Molgula eupract:.a Drashe 0,92 2,67 1,28 4,29 

5. Le benthos enregistre en 1989 dans les zones etudiees a beaucoup diminue en 
quantite et qualitS par rapport aux annees '60; bon nombre de formes ont disparu ou 
sont devenues si rares, qu •on lea rencontre rarement A present; la frequence de 
certaines especes, autrefois conununes, a diminue, et la distribution quantitative 
des benthontes est devenue tree heterog9ne. Le stock du zoobenthos en 1989 a 
represente 83% de celui de 1985 et seulement 26,2% de ce1ui de 1960. Il est notable 
que l'Stage periasol.que, qui pendant 1• intervalle 1950-1960 avait des limites 
auperieures a 120-130 m de profondeur, s'est dt§place pendant les derni9res annees 
vera la cote, ses limite a commen9ant pratiquement A 1' isobathe de 100 m, ce qui 
preuve aussi 1 ~evolution regressive du benthos pontique. · 
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B-III20 
Sur les salissures formees en Mer Noire sur les Structures Offshores 

Marian-Traian GOMOIU 

lnstitut Roumain de Recherches Marines, Constanta (Roumanie) 

Les possibilites de connaissance des salissures formees dans lea zones ouvertes 
de la mer Noire sent devenues plus faciles par 1 'apparition dee plate-formes de 
forage marin dans cette mer. Ainsi, la premiere evaluation de 1 •epibiose du large 
des cote roumaines a ete effectuee sur la base des echantillons pr9leves sur les 
pied a de la plate-forme' GLORIA. A cette occasion on a con state que le systeme 
epibionte forme sur les structures offshores est tree abondant, avec des densit!~ et 
des biornasses des organismes vivants respectivement au-dessous de 216.000 ex.m et 
36 kg.m-2 (GOMOIU et al., 1978). 

L'emplacement de GLORIA pendant lea derni8res annees a E!te a 30 km de la cOte, 
sur des fonds de -52 m. Pour connattre 1 • evolution de eon systeme 9pibionte pendant 
lee 11 ans depuis la premiere evaluation, on· a preleve en tevrier 1989 par plongee, 
des €!chantillons quantitatifs provenant de 10 horizons (H = 3-30 m) • Lee 
echantillons furent analyses selon la methodologie usuelle pour 1 •etude du benthos. 
Lea result ate prouvent 1 'existence d' une epibiose mature, relativement monotone, 
rnais tree bien developpee - jusqu•a 180 kg.rn-2 (organismes vivants et formations 
mortes), c'est-a-ctire 2,5 fois plus qu'en 1H78 (GOMOIU et al. 1978) · 

La communaute 9pibionte est tres pauvre qualitativement. A cote de Myt.ilus, 
parmi les organismes sessiles on a frequemment rencontre Balanus (larves cypres et 
adultes) ainsi que des touffee d'Hydrozoaires et, plus rarement, Myt.ilaster et des 
restes de Bryozoaires; lea formes vagiles • enregistrees sent lea v9liconques de 
bivalves {probablement lea mE:!:mes moules), turbellaries, nematodes, polychetes et 
copepodes {Tableau 1). A quelques horizons ant ete rencontres des touffes eparsea 
d • algues vertee (Cladophora) et rouges {Ceramium), mais sans importance 
quantitative. Signalons le manque d#une aerie de formes vagiles typiquea de la zone 
de passage des vases a Myt;ilus a celles a Modiolus, formes assez fr9quentes en 1978 
(Modiolus, Acanthocardia paucicos-tata (Sow.}, Plagiocardium simile (Mil.), sui vies 
de Mya arenaria L., Abra sp., Rissoa sp., etc.), absence qui indique !#aggravation 
des conditions ecologiques dana la partie ouest de la mer Noire. 

====================================:================================================ 
Organismes Dmax Bmax Dmed Bmed Id 

Hytilus galloprovincialis Lam 122616 105956, 13 48152 71303,89 2670,3 

Mytilas-ter lineatus Grnelin 856 857' 50 206 91,28 52,3 

Balanus improvisus Darw. 19968 216,83 3767 83,92 91,6 

Hydrozoa 4992 4,00 1654 1,32 11,5 

Bryozoa + + 
Zoo. sessil 147576 105956,68 53778 71480,41 

B i v a l v i a v€!liconques 8272 0,82 2737 0,27 4,6 

Turbellaria 24960 14,98 3592 2,16 13,9 

Nematoda 104832 0,32 15147 0,04 1,4 

Polychaeta 184704 110,82 27865 16,08 40,1 

cop,.poda 64896 1,30 1444 0,23 4,8 

Zoo. vagil 379392 127,42 60785 18,78 

Total zoo-epibiose 526968 105962,12 114564 71499,19 

La pauvrete qualitative eat compensee par le grand d9veloppement quantitatif: 
en moyenne des densitt:;s (Dmed) supt:;rieures a 114.000 ex.m-2 et des biomal(!ses (Bmed) 
de 71,499 kg.m-2 • Lea- maxima des biomasses {Bmax) sont tellement grandee, qu'il n'y 
a pas de terme de comparaison au rang des populations naturelles vivant a present en 
mer Noire. Dans le systeme ~pibionte analyse, conformement a 1' indice de densite 
(Id-racine carrt:;e du produit entre frt:;quence et biomasse) Hytilus est l'espece la 
plus importante (Tableau 1). 

Lea moulee representant en moyenne 42% en nombre et 99,727% comme biomasse de 
la population epibionte; leur distribution verticale, tout comme celle des autres 
organismes cocenontes, est non-uniforme.L'9pibiose la plus riche est rencontree dans 
lee hqrizons superieurs; d 'habitude, jusqu' a la profondeur de -15 m on enregistre 
les r:nB.x:ima du poids ·du systflme t3pibionte {Tableau 2: H - profondeur, TF - organismes 
vivants; FA - epibioae animale; autres dominantes num9riques: Nema - Nematoda; Poly 
- Polychaeta; Cope - Copepoda). 

Tableau 2 - Variations quantitatives de 1 #epibiose selon la profondeur 

H 

(m) 

12 
15 
18 
21 
24 
27 
30 

TF 
kg.m-2 

176,7 
135,9 
131,0 
144,2 
126,9 
84,7 
63,8 

87' 7 
79,3 
42,3 

Moyenne 107,3 

FA 

167320 74,544 
67768 105,963 

525968 101,373 
93520 96,735 
70716 84,725 
42665 66,086 
35021 40,290 

73848 76,215 
40256 40,412 
27561 28,648 

114564 71,499 

Hytilus% de FA Nema Poly Cope 
D% B% D% D% D% 

52 99,945 17 14 
80 99,994 10 
23 99,673 20 35 12 
58 99,980 23 8 
51 99,732 15 
60 98,692 19 
39 99,600 22 12 
70 99,866 9 
47 99' 622 24 
67 99' 829 11 10 

42 99,727 13 24 

Lee riches populations de moules sont formees, dans la plupart, d#exemplaires 
jeUnes (82% au-dessous de 30 nun longueur}. On peut estimer ainsi que lea structures 
off shores representant de vrais centres d' ensemencement avec des jeunes de rnoules, 
surtout des zones affectees temporairement par lea phenomenes d' anoxie qui 
determinant la diaparition du benthos. 

Le long temps de formation et de developpement du systeme epibionte de GLORIA 
ont complique lea structures spatiales dans lesquelles le byssus des moules, lea 
theques des hydrozoaires, lea loges calcaires de Balanus et d' autres materiaux 
allochtones {sediments mineraux et organiques) ont forme un type de biotope "feutre .. 
qui favorise le d9veloppement des formes vagiles. Lea organismes vagiles 
representent 53% du nombre des esp9ces (24% polychetes, 15% nematodes, 8% copepodes, 
3% turbellari9S) 1 maiS leur COntributiOn a la biOffiaSSe 8St insignifiante (en 
rnoyenne, seulement 0,026%). 

En conclusion, le sous-systeme pelagique de 1 '9cosysteme du large des cote 
roumaines a une grande associations epibiontes. Ces associations suspendues dans la 
masse d • eau, a 1' encontre de celles du fond, sent tree riches du point de vue 
quantitatif, grace a une seule esp9ce - Hytilus galloprovincialis. 
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B-III21 
Growth of Mytilus gslloprovincis/is in Offshore Waters of the 

Ligurian Sea 

Marco REUNI 

lstituto di Zoologia, Laboratori di Biologia Marina ad Ecologia Animate, Universita degli Studi di Genova (ltalia) 

In January 1987 the ODAS 1 buoy (Oceanographic Data Acquisition System of the 
E.C.) was positioned about 30 miles off Genoa (43° 50' 19" N, 09° 06' 24" E) and 
moored to the bottom at 1100 m. The buoy comprises a cylinder which is 42 m long 
and 80 em in diameter, with a stabilizing disk at its end and three reinforcing 
rings with alveolar surfaces. Oceanographic data on these offshore waters are 
available (t 0

, salinity, nutrients, chlorophyll (INNAMORATI et al. 1983), primary 
production (MAGAZZU# 1989)). An outstanding characteristic of the station are strong 
surface currents. (STOCCHINO and TESTONI 1977). 

The study of the fouling has been in progress since summer 1987 . Here is 
reported the settlement and growth of Mvtilus galloprovincialis, which has a 
leading role in covering the artificial substratum, being present from 3 to 42 m, 
(limit for scuba· observation and sampling), a depth unusual in this species for 
natural substrata. However on artificial substrata this species has been recorded up 
to 130 m (Arnaud 1978). 

Length/frE?quE?ncy dlstributlon of 
Myt i lus galloprov1nc ldl is 

22.7.88 

At the first inspection, in July 
1987, the covering of fouling was very 
poor: bivalves were represented by 
Pectinidae and a small number 5 rnm 20 rn --------------~ 
Mvtilus settled in the q.pper alveolar 

~;~!~u~:, J~:;u/9::~p:::ero/8fom:;~~: 15 
organisms were collected by scraping 
20 x 20 em surfaces at depths of 6, 10 
12,. 25 m along the verflcal wall. 
Similar samplings were repeated in 
December 88 and August 89 with the 
exclusion art this latter occasion of 
the 6 m level, which had been spoiled 
by unknown people. All samples proved 
to be rich in Mytilus 
galloprovincialis, which on vertical 
su.rfaces appeared fairly. homogeneous 
in terms of their size distributions. 

-n =53 

2 3 4 5 6 7 8 9 !0 
4.5 5.5 6.5 7.5 8.5 9.5 !0.5 

em 
F1g. 1 

9.12.88 For the study of the growth samples of 
each date were pooled. Modal lengths 
(shell length) of mussels were 6.5 em 
in July 1988 (Fig •. 1), 7 - B em in 

20~n----------------------------~ 

December 1988 (Fig. 2). The samples !5 
collected in August 1989, (31 months 
exposure) (Fig. 3), show the presence 
of two cohorts: 6 -7 em long mussels, 
more recently settled and the oldest 
ones with lengths of up to. 10.5 em. 
The 1987 cohort appears stronger than 
the following one. During 1989 no 
mussel aettl~ment was recorded, 
neither on the buoy nor on series of 
experimental panels exposed for 3, 6 
and 12 months. 

4.5 5.5 6.5 7.5 8.5 9.5 10.5 
6 7 8 9 10 

em 
F1o. 2 

6.8.89 

On the basis of an algorhythm 
proposed for length-based fish stock 
aaaesment (SPARRE, 1984), the 
following Von Bertalanffy growth curve l2;.:_n ______________ -, 

'g~~4:sreJ-.irr~d;F~~ =).12.5 [1 - e - 10 -n = 38 

Considering the fact that these 
are offshore waters, growth appears 
interesting. RELINI and RAVANO (1971) 
reported 6 em growth in 10 months for 
mussels found in the eutrophic waters 
of the port of La Spezia (Ligurian 
Sea). Mussels from brackish 
environments, which are generally 
considered rich in food, had a lower 
growth (CECCHERELLI and ROSSI, 1984). 

The favourable conditions of 

2 3 4 5 6 7 8 9 !0 
4.5 5.5 6.5 7.5 8.5 9.5 10.5 

this offshore station are to be seen Fl~~ 3 
in its mild winter temperatures, the 
lack of extreme sununer heat, and the 
strong currents (especially in summer), which support filtration. 

Vonberte~le~nf fy growth curvE?. 

.:L,I,--,---.,.--.,,,.-------.,,.-----.,~-, --
2
r-;;;nths 

F1g. 4 
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B-11122 
Offshore Buoy Fouling in the Ligurian Sea 

G. RELINI·, M. RELINI• and M. MONTANARI·• 

·1stituto di Zoologia, Laboratori di Biologia Marina ad Ecologia Animale. Universita degli Studi di Genova {ltalia) 
··1stituto per Ia Corrosioni Marine dei Metalli, C.N.R., Genova {ltalia) 

Due to the scarcity of available data on Mediterranean fouling far from the 
coast, we believe it would be useful to report on some observations carried out on 
ODAS 1 buoy (Oceanographic data acquisition system), which in January 1987 was 
positionated about 30 nautical miles off the coast at Genoa (43° 50' 19" N, 09° 06~ 
24" E) and moored on a bottom at 1100 m. The buoy is a 42 m long cylinder, 80 em in 
diameter, with three flanged rings along the axis and a stabilizing disk at its end. 
Another reason for studying this buoy was the reported presence of a large amount of 
mussels when the buoy was recovered at the end of 1986 because of maintenance. The 
study begun in the summer of 1987 using observations, samples and photographs made 
by scuba-divers. Despite very strong currents that made diving and sampling 
operations difficult to carry out, till February 1990, fifteen dives and three 
samplings {table 1) were effected. The fouling settled in particular at the end of 
1989 is described; while another note in these reports deals with the mussels' 
population development. Settlement near the surface is poor on account of breaking 
action of waves. There are small green algae and amphipod Caprella andreae Mayer; in 
this area limpets (Patella caerulea L., Patella asoera var. tarentina) Lam. and 
cirripeds ~ anatifera L., !:!· pectinata Spengler e !:!· h..iJ....l.!. (Leach) have been 
found. At the following depths Amphipoda become dominant. At 3 m Caprellids and 
Jassa marmorata Holmes cover almost all the available surface. Below 3 m some sea
urchins Arbacia lixula (L.) and Paracentrotus lividus Lamarck, and some bivalves 
Hiatella rugosa (Pennant) were found. 

At 6 m depth flanged ring was covered by mussel byssus residuals and brown 
algae Ectocarpus siliculosus {Dyllwyn) Lyngbye. &. galloprovincialis Lam., were 
unfortunately removed in large numbers by unknown people in the summer of 1989. In 
summer in these first meters of depth the green algae Enteromorpha compressa (L .. ) 
Greville, ~- intestinalis (L.) Link, ~- prolifera (Muller) J.Agardh sap. prolifera 
were present. 

Below 6 m depth the compound ascidian Diplosoma liaterianum (Milne-Edwards H.) 
bec~e dominant in most part of the fouling community, which was composed by Anomia 
ephippium L., brown algae and Caprellid amphipoda, the latter decreasing in number 
with depth. At -15 rn the second flanged ring formed an area, which was higly settled 
by mussels. Hydroida (Boungainvillia ~ Van Beneden and Obelia dichotoma L.) 
occurred mainly in winter: they were more abundant and 1·arger at deeper sites. 

From 15 m downwards algal cover decreased considerably, leaving space to 
Didemnidae, which together with serpulids Pomatoceros triaueter (L.), Spirobranchus 
polytrema (Philippi), semivermilia cribrata (O.G. costa) become the dominant 
organisms. Few well-developed mussels and some small sea-anemones were also present. 
At 20-25m specimens of Echinue ~ Lam. and ~ ~ (L.) were sampled. other 
members of the fouling community were hydroids, bryozoans like Aetea sp., and sea
anemones of various species and sizes. The nudibranchs of genus Eubranchus and the 
gastropod Lamellaria perspicua (L.) were also collected. 

The ring at 30 m was still heavily settled by mussels, other members of the 
community were a great number of hydroids -and sea-anemones of various species and 
sizes (which are still under study), bivalves, among which the most frequent were lu_ 
ephippium, f!..:.. rugosa and small specimens of Chlamys. Among the mussels sampled at 
this depth Decapoda Crustacean Pilumnus hirtellus (L.), f.. villosissimus 
(Rafinesque) and Athanas nitescens (Leach) were found several times. 

Below 30 m some particular colourful organisms were observed, inol uding large
sized pink sea-anemones, some specimens of Spirographis spallanzanii Viviani and a 
colony of Alcyonum palmatum. 

The stabilizing disk on the upper surface was completely covered with bivalves· 
In July 1988, Aeauioecten opercular is (L.), Clamya varia (L.), Chlamys multistriata 
(Poli), Pecten iacobaeus (L.), Palliollum incomparabile (Risso), Pseudamussium 
clavatum (.Poli) were dominant over the mussels. A year later (August 1989) the 
mussels had exceeded them in terms of biomass. Other bivalves Pteria hirundo 
(L.) .. ~ rugosa and Musculus subpictus (Contraine) occured. 

In Table 1 some wet-weight values are recorded: the minimum amount of fouling 
occured at 3 m .. the maximum at 36 m with about 25 Kg/m2 . 

!TABLE 1. Fouling taken from standard 20 x 20 em areas 

date depth wet-weight gfdm2 dominant 
organisms 

22.7.88 6 m 210 g 52.5 M, GA, A 
12 m 430 g 107.5 M, As, A 
25 m 360 g 90.0 M, As, A, 

E. 

9.12.88 3 m 65 g 16.2 A, o, D 
6 m 565 g 141.2 M, A 

12 m 440 g 110.0 M, D 
30 m 845 g 211.2 M, o, As 
36 m 1000 g 250.0 M, P, 0 

6. 8.89 6 m spoiled --- Byssus 
12 m 720g 180.0 M,S,B,O 
30 m 440 g 110.0 M,S,D,B 
39 m 680 g 170.0 M,O,P,S 

M = Mussels GA = Green Algae A = Amphipoda 
0 = Other Bivalves As = Ascidians · 
P = Polychaets s = Serpulids B = Bryozoans 

Bell an Santini et al. ( 1970) described fouling settled on panels immersed up to 
4 year from 47 m to 830 m depth off Nice. 

Tsikhon-Lukaina et al. ( 1977) have described some Cirripeds on buoy and 
different floating materials immersed in the Sicily Channel only during 23 days. 
Because of so different experimental conditions of the above works it is impossible 
a comparison with our data. 
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B-11123 
Molluscs in Offshore Fouling at Ravenna and Crotone 

G. RELINI• , S. GERACI•• and M. MONTANARI••• 

•1stituto di Zoologia, Laboratori di Biologia Marina e di Ecologia Animale, Universita di Genova (ltalia) 
••lstituto Sperimentale Talassografico ·A. Cerruti• (C.N.R.), Taranto (ltalia) 

•••1stituto per le Corrosioni Marina dei Metalli, C.N.R., Genova {ltalia) 

Fouling of some offshore platforms situated in the North Adriatic (Ravenna 0-20 
m) and Ionian Sea (Crotone 0-65 m) was investigated several years ago by direct 
observations, sampling, and panels immersed for periods of 1 to 12 months. The 
immersion technique and the characteristics of fouling at two localities have been 
reported previously (RELINI et al., 1976). 

The list of Bivalve Molluscs found on the AGO A and PCWA platforms at Ravenna 
and the LUNA A platform at Crotone is recorded in Table 1. Among ten species, seven 
were found at both the localities, two species indicated with * in Table 1 were not 
found on the panels but on platform structures. Among Gasteropods Hinia ret.iculata 
(L .• ) was common at Ravenna while some Nudibranch Facelina sp~ and Flabellina sp~ 

were recorded at both sites. 

Table 1 - Presence of Molluscs on 19 panels examined at each site during one year 

!---------------------------------------------------------------------------------\ 
RAVENNA CROTONE 

BIVALVE MOLLUSCS 
AGO A PCW A LUNA A 

0 -9m -20m 0 -Sm -llm 0 -14m -20m -65m 

Nytilus galloprovincialis Lamarck 

Ost:rea edulis L. 

Anomia ephippium L. 

Hiat:ella arctica (L.) 

Husculus subpictus (Cantraine) 

Aequipecten opercularis L. 

Modiolus barbatus L. 

Naopycnodont:e cochlear (Poli) 

Lima inflat:a Link 

Pt.eria hirundo (L~) 

\ ---------------------------------------------------------------------------------! 
* species collected on platform structures 
+ < 5 individuale/19 drn2 50-100 individuals/19 drn2 

5- 10 4 100-500 
10- 50 > 500 

The data collected showed the undisputed role of mussels not only among 
molluscs but also in the formation of fouling on the offshore structures examinect in 
tl'la two Italian eeas (RELINI and MONTANARI 1988), at least in the first 10 m of 
depth, where they represent SO to 95% of total wet weight of fouling. Nevertheless, 
their importance assumed a different character in relation to the eutrophic state of 
the waters {Table 2). In the Adriatic, mussels form the largest biomass (up to 96.6 
kq/m2 ) and show a more rapid growth. The harvesting of this large amount of mussels 
has been suggested (RELINI 1977). Other species of Molluscs (Table 1), with the 
exception of Hia-t.ella arctica, a species of small size and no economic value, are 
acarce. 

At Ravenna, mussels show two periods of settlement over the year; the first and 
by far the more important is in the spring-summer period, reaching a maximum in 
June, and the second in autumn with a peak in November-December. The mussels prove 
to be dominant after three or four months on the panels immersed in May and after 
six months on those immersed in October. As the length of exposure increases, there 
is a corresponding increase in the accumulation of fouling and in particular of 
mussels and thus of the weight of the biomass. In general, one can say that the 
weight of mussels as a percentage of the total weight of fouling relates directly to 
the immersion time and inversely to the depth, with a maximum at about 1 meter. 

At Crotone ·the period of settlement and of greatest growth is the spring and 
dominance is reached after 6-8 months, depending on the season in which the 
substrata are immersed. 

An appreciable settlement of mussels was recorded only after one year at the 
surface with 379 individuals/dm2 , with a maximum length of 35 mm and a biomass of 
4.1 Kg/m2 • At 14 m there were 93/dm2 and at 20 m 25/drn2 • At 65 m the panel was 
completely covered with Neopycnodonte cochlear, some of which reached a size of 40 
nun in diameter* On the whole, the largest development of Molluscs was found at the 
surface with seven species, providing a total of 596 individuals/dm2 , of which about 
90% in number were My-tilus galloprovincialis. At 14 m there were nine species of 
Molluscs, giving 298/dm2 , of which 45% were Hy-t.ilus and 45% H. arctica. At 20 m the 
number of Molluscs was fewer (105 individuals/dm2 ) with 55% Hiatella and 26% 
Jfytilus. At 65 m N. cochlear dominated the settlement on all kind of substrata 
covered by a strong layer of calcareous shells and there were no mussels. 

Table 2 - Hydrological data at 2 m depth for the three sites 

T°C 
S%o 

02 mg/1 
N-No2 u.g/1 
N-N03 u.g/1 
P-Po4 u.g/1 

References 

RAVENNA 
PCW- A AGO- A 

13.32 ± 7.02 13.88 ± 6.67 
32.84 ± 2.39 33.73 ± 2.28 
9.47 ± 1.63 9.06 ± 1. 79 
6.52 ± 5.22 4. 72 ± 3. 70 

103.40 ± 98.07 76.26 ± 68.76 
4.39 ± 2.02 4.44 ± 3.38 

CROTONE 
LUNA - A 

17.12 ± 3.66 
38.18 ± 0.24 

7.41 ± 0.32 
3.66 ± 2.89 

22.26 ± 13.83 
4.29 ± 2.20 

RELINI G. - 1977 - Possibilita di sfruttamento del fouling di strutture off-shore 
nei mari italiani: i Mitili di Ravenna. Atti 7° Simposio sulla conservazione della 
natura, Bari 20-23 aprile 1977: 179-185. 

RELINI G., GERACI S., MONTANARI M., ROMAIRONE V. - 1976 - Variazioni stagionali dei 
fouling sulle piattaforrne off-shore di Ravenna e Crotone. Boll. Pesca Piscic. 
Idrobiol., 31 (1,2): 227-256. 

RELINI G., MONTANARI M. - 1988 - Mussels in the offshore fouling of Italian seas. 
Proc. 7th International Congress on Marine Corrosion and Fouling. Valencia 7-11 
Novembre 1988 { 24 pages preprint) (in press J. 
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Development of Sessile Macrobenthos Community in the Loano 

Artificial Reef 

G. REUNI• , N. ZAMBONI• and F. SONMEZER .. 

·lstituto di Zoologia, Laboratori di Biologia Marina e di Ecologia Animals, Universita di Genova (ltalia) 
.. Institute of Marine Sciences and Technology, Dokuz EyiOI University, lzmir (Turkey) 

The construction of the Loano artificial reef began in 1986 with the inunersion of 
perforated concrete blocks ( 2x2x2 m) arranged in pyramids and small modules 
(concrete blocks 1.2x1.2x.1.2 m) distributed over an area of 3xl km (Relini and 
Moretti, 1986) 150 big new blocks were added in spring 1989 to protect outer part of 
the artificial reef damaged by trawlers (Relini and orei, 1969). 

Observations on the colonization patterns of macrobenthos of hard substrata have 
been made from 1986 onwards by scuba divers; studies on the settlement and 
development of the community were carried out from May 1987 to May 1988 using 
asbestos panels {20x30x0.4 ern) immersed for periods of 1, 3, 6, 9 and 12 months, 
exposed at four depths (St. 1: Sm; St. 2: 10m; St. 3: 18m; St. 4: 30m). Two more 
cycles of observations were concerned with periods of exposure of 3, 6, 9, 12 
months. A preliminary list of species and some descriptions of colonization were 
reported at Ancona during WPARM - C.G.P.M. (Relini and Cormagi, 1989). 

In this paper are referred data on the development of community on substrata 
exposed for 3, 6, 9, 12 months at four stations from May 1988 to May 1989. 

After 3 months (fig. 1) the panels immersed at station 1 were covered mainly by 
Algae and small colonies of incrusting Bryozoans ( Schizoporella errata and 
crypr.osula pallasiana) followed in order of importance by Hydroids {Laomedea and 
Clytia), Serpulids (Pomatoceros triqueter, Spirobranchus poly-trema and Hydroides 
elegans), Folliculinid Protozoans, Forams, Bivalves (Ost:rea edulis and Musculus 
subpictus), Barnacles (Balanus trigonus) and Ascidians (Didemnum maculosum).. At 
station 2 the 3 months settlement is characterized by few Algae and incrusting 
Bryozoans ( they are not dominant as at the station 1) . More important are 
Spirorbids (Pileolaria militaris), Serpulids, Barnacles, Bivalves (Ostrea and 
Anomia), Hydroids, compound Ascidiana and some Sponges. 

At station 3 Hydroids (Clytia, Bougainvillia, Obelia), Barnacles, Algae, Serpulids 
are the main organisms. At station 4 the biomass and surface cover are much more 
lower, the settlers are Spirorbids, Folliculinids and few of Hydroids, Bivalves, 
Serpulids and incrusting Bryozoans. 

On 6 months exposure substrata at Station 1 incrusting Bryozoans are still 
dominant followed by Hydroids, Serpulids, Barnacles, Bivalves, Didemnidae; there are 
also some Algae and non incrusting Bryozoans (Aetea.). At station 2 community is 
composed by the same organisms described after 3 months but there are also 
Corallinaceae, large individuals of Ost:rea. and Anomia, Didemnidae are disappeared. 
At station 3 the dominance of Hydroids is substituted by that of Bryozoans (Nolella 
gigantea and Aetea t:runcat:a) while Serpulids and Barnacles are still important 
followed by Bivalves, Aecidians and Protozoans ( Forams and Folliculinids). At 
station 4 settlement on 6 months panels is formed by Corallinaceae, Spirorbids, 
Serpulids, Bivalves, Barnacles and many species of Ciclostomes and Cheilostomee 
Bryozoans. 

The colonization of substrata of 9 and 12 months (fig.l) exposure is similar so is 
described together. At station 1 it is a clear dominance of the Bryozoans 
schizoporella errat:a which cover most of the surface; besides the organisms already 
described there are also some Mussels and Amphipods. At station 2 Corallinaceae, 
Spirorbids, Serpulids, Barnacles with Sponges, incrusting and non incrusting 
Bryozoans are the main organisms on annual substrata. 

At station 3 most of surface is covered by Bryozoans followed by other organisms 
described on 6 months substrata. A similar pattern is shown at station 4 though the 

amount of settlers is lower. 
The biomass found at different stations in August, November, February and May is 

referred in Table 1. 

Tab. 1 - wet weights (g/dm2 ) on panels immersed for 3, 6, 9, 12 months. 

3m 6m 
-88 N-88 F-89 M-89 N-88 

7. 55 7.5 7. 99 7.49 

ST. 2 4.08 3. 33 2. 75 4. 75 4. 25 6.91 

ST. 3 4. 56 2. 70 2. 68 5. 01 5. 20 

ST. 4 

ST.1 ST.2 ST.3 ST.4 

12M 

~ALGAE ~SERPULIDS -BARNACLES ~ BRYOZOANS 
NON INCR. 

r:3::::J PROTOZOANS E!Hml SPIRORBIDS D BRYOZOANS -ASCIDIANS 
I NCR, 

!illillill HYDROIDS IIIIIII BIVALVES 

Fig. 1 - ·Percent cover of main settlers on substrates immersed for 3 and 12 months 
at four stations. 

RELINI G., CORMAGI P. - 1989 - Colonization patterns of hard substrata in the Loano 
artificial reef (Western Ligurian Sea). Proc"' first session of G.F.c.M. working 
party on artificial reefs and mariculture. FAO Fish Rep., 428: 6 pp. 
RELINI G., MOI\ETTI s. - 1986 - Artificial reef and Posidonia bed protection off 
Loano {Western Ligurian Riviera). FAO Fish. Rep., 357: 104-108. 
RELINI G., ORSI RELINI L. - 1969 - Artificial reefs in the Ligurian sea: a report on 
the present situation. Atti della prima riunione del gruppo GFCM sulle barriere 

artificiali. FAO Fieh. Rep., 426: 6 pp. 
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B-Ill25 
Etude quantitative preliminaire de Ia composition chimique des 

communautes pionnieres colonisant divers types de plastiques en 
Mediterranee 

M.-F. VOSS-FOUCART, J .• c. BUSSERS, R. POIZAT etCh. JEUNIAUX 

Laboratoira de Morphologie, Systematique et Ecologie Animales, 22 quai Van Beneden, 4020 Liege (Belgique) 

L'enorme consommation de mati~res plastiques ajoutee a la difficulte de lea 
recyc~er font qu•on en re:rouve en peu partout, nota.mment en mer, oil ces objets 
constl.tuent des supports v1.erges offerts aux organismes marins. Nous avons compare 
l'attrait pou~ . lee communaut6s pionnieres, de diff~rents types de plastiques 
couramment ut~hses, le PVC, le Plexiglas, le Polyethylene, le Polystyrene, le 
Polycarbonate et le Nylon 6/6. 

124 plaques ( 10 em x 20 em x 0, 5 em) ant ete immergees entre le 11 et le 18 
~oat 19~6. La moitil; de la surface de chacune des faces (10 x 10 em) a ete depolie 
l.ndustrLellement par soufflage de sable de corindon, afin d • envisager l' effet 
d' irr~gularites de surface sur l 'Spibiose. Chaque plaque est suspendue par des 
cordelettes a un cadre ancr~ au fond. 

Aprea 3 et 7 mois d' immersion, cin(]: plaques de chaque type de plastique ont ete 
reprises. La recuperation des plaques est effectuee en plongee. 

Aprt:ls 3 mois d' immersion, d9butant au mois d • aoa.t, entre 32 et 35 m, dans la 
ba~e de Calvi (C~rse, Mediterranee occidentale), le recouvrement des plaques eat 
fa1.ble; des debrl.s amenes par le courant, nota.mme~t des morceaux de feuilles de 
Posidonies, des Foraminiferes, dent lee Miliolinidae, des Amibes a theqtles (Gromia 
sp .. ), des Ann~lides sedentaires (Pomatoceros spp.), des Bryozoaires (Aet:ea sica et 
He'troporiella spp.), des Hydrozoaires, des Mollusques (souvent des Nudibranches 
Dot~idae, mais parfois des Bivalves et des Gaet~ropodes). Lee deux groupes qui 
dom1.nent sent lea Annl§.lides Polychetes et lea detachent tree facilernent du Nylon 
6/6. Leur nombre est generalement plus eleve sur la partie depolie des plaques. 

AprAs 7 mois d • irrunersion, lea organismes deja presents apres 3 rnoia ae sont 
dAv~loppAs en nombre et en taille de sorte que la plaque n •est plus toujoura 
visJ..ble. Bryozoaires et Hydrozoaires constituent une couche dense dans laquelle se 
sont install4!s Pycnogonides, Ophiures, Echiurens, etc ... Lee Tuniciers ne sent pas 
encore en com~tition avec lea Bryozoairea; par centre, lea Eponges, quasi absentee 
apr~s 3 rnois, sent parfois tres nornbreuses et leur diametre peut atteindre 2 ern. Lea 
groupes dominant restent lee Ann~lides Polychetes et lee Bryozoaires. Cependant, 
Mollusques, Hydrozoaires, Spongiaires et Tuniciers deviennent importants. Lea 
Poma'toceros spp. continuant a marquer une preference pour lea zones depolies des 
plaques. 

Selon lea types de plastiques utilises, lee biomasses moyennes (poids sec) de 
la couverture biologique apr8s 3 et 7 mois d • immersion etaient respectivernent pour 
le Plexiglas 6,55 e:f 111,62 gfm2 , le Polyethylene 4,47 et 97,37 gjm2 , le Polystyrene 

~~~~~ ;;mf,03
{: P?/cm 1~' 5;98:Y~~:)f69j.,~·.29 et 173,97 g/m

2
, le Polycarbonate 5,99 et 

L' analyse q.e la variance appliquee aux valeurs moyennes des biomasses etabliea 
sur 5 plaques montre qu'elles variant significativement d'"un plastique a l'autre: 
il semble done y avoir une influence de la nature chimique du polyrnere sur la 
bioc.§nose pionniere. 

Le t~ux de matiere organique de la· couverture biologique (en % du poids total) 
varie apr~a trois mois entre 33,7% sur le PVC et 50,2% sur le Nylon. ce taux diminue 
sensiblement et devient pratiquement identique dans lea differents cas apres 7 mois 
d' immersion (entre. 15,6 sur le polyethylene et 18,7% sur le polycarbonate). La 
couverture biologique pionniere varie done d 'un substrat a 1 • autre. Elle se modi fie 
6galement au. cours du temps et tend a s~uniformiser sur lea diff9rents plastiques. 

La qu~ntit~ de chitina des communautes qui se sent developpees sur les 

:~=~r~~~se:u:;~r:;;mr:::esd~u::i~l~~~:a~o~.'autre entre 13 et 51 mg/m2 apres 3 

La quantit6 de prot6ines varia egalement d' un plastique A 1• autre, entre 0, 4 et 
8,9 gfm2 apres 3 mois, 3,52 at 7,2 gfm2 apres 7 moie. 

La biomasse de cellulose ee monte de 0,02 A 0,20 gjm2 apres 3 mois et 0,16 a 
0,57 g/m2 aprAs 7 mois d' immersion; la production et la biomasee de cellulose sent 
done du m&me ordre de grandeur que celles de la chitine .. 

Une Atude prAliminaire au microscope electronique A balayage n • a pas revele de 
d6gradation de la surface dee plastiques aprea 7 mois d' immersion. Ceci confirme le 
caract6re hautement refractaire de ces mat6riaux de synthese et justifie 
l' inqui6tude manifestee par lea ecologistes au sujet du sort de ce type de ctechet 
dans la biosphere. 

De multiples travaux ont d~jA 8te consacres a 1 '9tude des peuplements pionniers 
colonisant des substrata vierges, notamment en plastique, en Mediterranee. Mais la 
plupart ont 6t6 realis.§e en milieu portuaire (travaux des equipes de RELINI dane le 
port de G~ne, de RIGGIO A Palerme, d'ARIAS en Espagne, entre autres), souvent A de 
trt\s faibles profondeurs et en rapport avec 1a mise au point de systeme antifouling. 
Une comparaison des r6sultats de ces etudes avec ceux relates dans le present 
travail s'avere difficile. 

Lee travaux realises dans des conditions plus ou moine comparables a celles de 
nos propres recherches sent souvent essentiellement descriptifs et bases sur 
l 'analyse des communautes, leurs variations s'aisonnieres et leur succession 
chronologique ( 1, 7, 8, 9) . s' ila contiennent parfois des donnees concernant lee 
biomasses, celles-ci sent exprimees sous forme de poids humides ou correspondent a 
des p6riodes d' immersion nettement plus longue a ( 2, 3) et sont done diff icilement 
comparable& aux notres. Au contraire, notre approche, qui s'inscrit dans une etude 
de la production et de la d{gjgradation de polymeree organiques en milieu marin 
( 4, 5,6), concerne surtout 1 'analyse biochirnique quantitative de la couverture 
biologique des plastiques inunerges et son evolution au cours du temps. 
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Incidence and ecology of marine fouling organisms in the Eastern 

Harbor of Alexandria, Egypt 
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The fouling communities developing on submerged test panels 
(sized 15x15cm) for short and long terms at the Eastern Harbor of Alexandria 
was investigated in relation to the prevailing environmental conditions. To 
give an idea of the respective period of immersion and it is possible to make 
interesting successional the growth and longivity of fouling groups inhabited 
on the submerged objects under the sea water. 

The harbor is relatively small semicircular polluted bay. Its 
water temperatures ranged from 16" c to 28. c throughout the year and its 
salinities fluctuated within 38.1 to 39-4 % •• 

The larval stages of fouling organisms, namely; barnacles, 
polychaetes, ascidians, bivalves, bryozoans and hydro ids leptomedusae 
appeared in the plankton samples throughout most of the year, with maximum 
persistance between May and September period. The number of larval stages in 
the plankton vertical hauls through May to September averaged 2824, 838, 300 
and 236 org/rrl for polychaete trochophore larvae, naupliar stages of 
barnacles, veliger larvae and asci dian tadpole larvae, respectively. The 
attachment numbers and biomasses of fouling organisms increased as the 
period of immersion extended to 4 months or more (Table 1) depending on the 
!)t:dSOll uf imrat::r:sion. E;g:;.t. ilia in gL'vup:,. of illi:n ... i·o-uL'ganl::;.m~ ~it.h ~7 :,p~(;.ie:;, 

were recorded on the submerged test panels. These groups comprised barnacles, 
calcareous tube worms, ascidians, bryozoans, amphipod building tubes, 
hydroids, algae and sponges. The calcareous forms were the most conspicuous 
fouling organisms. Four species of barnacles, namely; Balanus a•phitrite, 
B. eburneus, B. perforatus and B. trigonus were recorded. Their survival 
extended for 8 successive months or more, showing maximum growth rate during 
the first two months. The calcareous tube worms were represented by 6 species; 
Hydroides e]egans, H. dianthus, H. dira•pha, Serpu]a ver•icularis, Po11atocerus 
triqueter and Spirorbis sp. H. elegans appeared as the most dominant tube 
worms. The overcrowded tube worms could be persisted for about 3 successive 
months and can be easily displaced under external circumstances. The 
bryozoans, Bugu]a neritina and B. turbinata prevailed at the same time of the 
development of algae on the exposed panels except in summer. They appeared in 
large colonies reaching more than 20-bifurcations and could survive for about 
4 successive months. The ascidians; Ciona intestinalis, Styela partita, 
S. plicata and Ascidia 111entula developed well on the panels immersed for long 
durations. The first species thrived for short period extending for 2 or 3 
months while the others persisted for 6 or 8 successive months. 

Panels immersed for }ong durations during summer and early 
autumn were the most heavily populated by barnacles, ascidians, and bryozoans. 
The panels exposed for 2 to 6 .successive months during spring and early 
summer, generally collected more individuals than did those exposed for same 
intervals during the rest of the year. Diameters of the largest specimens 

differed from month to month and the maximum sizes obtained for individuals 
recorded on panels exposed for 2 to 4 months during spring and summer months. 

The seasonal occurrence of barnacle nauplius larvae in plankton 
indicates a high concentration during December in the vertical haul which 
yielded 2585 org/ rrl, but it does not reflect the realist attachment number 
of barnacles grown on the monthly collectors during this period as well other 
fouling groups did. It may be due to low degree of temperature reached to 17 
C . During the last 23 years fouling populations at the Eastern Harbor were 
recorded by Banoub, 1960, Megally, 1!)70 and Ghobashy,1976 in which great 
changes have been take place in the frequency occurrence and settlement 
density of fouling. In the present study the fouling biomass is greatly 
reduced that reflects the changes in the environmental conditions resulting 
from the intensity of pollution. The settlement density of fouling population 
on exposed panels for long intervals reflects thateach community has an 
optimum intensity of attachment. Barnacles were able to survive for about 2.5 
years under rearing conditions (El-Komi, 1988), whereas in natural population 
they persisted for only 3 or 9 successive months. 
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B-IVI 
The Appearance of Pink Coloured Mussels (Mytilus gal/oprovincialis 

Lamarck) on the Western Coast of the lstrian Peninsula 

Mirjana HRS-BRENKO , Davor MEDAKOVIC and Elvis ZAHTILA 

Rudjer Boskovic Institute, Center for Marine Research, 52210 Rovinj (Yugoslavia) 

The appearance of mussels with pink coloured inner part of the shell (nacreous 
layer) was registeres for the first time at several places on the Western coast of 
the Istrian peninsula during the phytoplankton bloom in the mid-summer of 1989. At 
present, the incidence of pink mussels, according to the information of several 
persons, has never been observed further south along the Yugoslav coast. In February 
and March 1990, a survey of mussel populations was made to elucidate the problem on 
the appearance of pink mussels. 

Samples (53 to 75 specimens) were collected from natural and commercial mussel 
populations at various localities of the Istrian peninsula. Mussels were measured by 
the vernier caliper, and were divided into three length groups. 
- smallest mussels with specimens shorter than 20 rrun, 
- mussels between 20 and 40 nun, and 
- mussels longer than 40 mm .. 

0 

0 100 <t 

• 20·40 mm 

0 >40mm 

0 

Fig. 1 - Incidence and percentages of pink mussels (Mytilus galloprovincialis 
Lamarck) in the Rovinj area. Sampling stations: Valalta (1), cap Faborsa 
and Saline (2), Leso (3), Figarola Island (4), Valdibora (5), Muccia (6), 

Rovinj (7), Katarina Island (8), Banjole Island (9), Lone (10), Polari 
(11), Vestar (12) and Red Island (13). 

At some places investigated mussels larger than 40 mm were scarse, and this 
troup sometimes comprehended less than 25 specimens per analysis. 

Preliminary observations indicate the following results: 
1. Pink mussels are present in natural populations along the coast of the Istrian 

peninsula, especially in the Rovinj, Porec and Vrsar areas . 
2. In the Rovinj area, pink mussels were abundant in more polluted zones, on the 

coast close to the town and tourist zones (Fig. 1) .. 
3. Not one pink mussel was observed among the mussels smaller than 20 mm in length. 
4. The smallest pink coloured mussel was 22 mm in length. 
5 .. The highest incidence of pink mussels occurred in the group of specimens longer 

than 40 mm in length. 
6. In one mussel a number of pink pearls was found. 
7 .. The pink coloured nacreous shell layer was also observed in other bivalve 

species. 
a. Investigations area ·in course, and will be continued till autumn months. 

According to the results, we suppose that the pink mussel shell indicates some 
disturbance in the normal shell formation (Wilbur 1961), which appears to be in 
connection with the increased degradation of the northern Adriatic Sea environment 
(Degobbis 1989; Zavodnik et al. 1989), due to the intensive inflow of various 
pollutants, or it could be atributted to same pathogen agents. 
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B-IV2 
Note on the incidence of the Hydroid Eugymnanthea inquilina Palombi, 

in Mussels Mytilus galloprovincialis Lamarck, along the Eastern 
Adriatic Coast 

Zelika LABURA and Mirjana HRS-BRENKO 

"Rudjer Boskovic" Institute, Center for Marine Research. 5221 0 Rovinj (Yugoslavia) 

According to Cerruti (1941), the hydroid Eugymnanthea inqui1ina {synonim of 
Hytilhydra polimantii) is often found on the mantle epithelium of the mussel Hytilus 
galloprovincialis, causing the loss of cilia from the mantle epithelium and other 
pathological alterations .. in mussels. Through a heavy infestation of hydroids, 
disturbances in normal filtering (Lauckner 1983}, and probably in feeding activity 
could happen, decreasing the index of condition of the host. 

In 1985 and 1986 along the Yugoslav Adriatic coast investigati.ons were 
conducted to establish the intensity of hydroid infestation of natural and 
commercial mussel populations, and to indicate possible effects of hydroids on the 
host index of condition. The samoles (20 to SO mussels) were analyzed to establish 
the number of invaded mussels by hydroids, mussel length data, and index of 
condition was calculated using the Hopkins methos (MANN 1978). 

We have obtained the following results (see Fig. 1}: 
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Fig. 1 - Incidence and intensity of Eugymnanthea inquilina infestation and index of 
condition of Hytilus galloprovincialis at sampling stations: Portoroz (l), 
strunjan (Piran Bay, 2), Limski kanal (3), Rasa Bay (4), Boline. (Krk 
Island, 5), Novigrad sea (6), Mala Lamljana (Ugljan Island, 7), Mart1.neka 
(Sibenik, 8), Mali Ston Bay (9), Kotor Bay (10). 

1. The hydroid Eugymnanthea is a frequent species inhallTting the mantle cavity in 
mussels. 

2. An abundance of hydroids occurred in the mantle cavity, especially near the 
mussel hinge zone. The hydroids were mostly individual, rare in colonies, which 
is in agreement with the findings of STJEPCEVIC (1974}. 

3. The infestation incidence ranged from 4% (Martinska, Sibenik, 8) to 46% 
{Strunjan, Piran Bay, 2). Hydroids were not observed in mussels from Strunjan 
(2), Novigrad Sea (6) and Mala Lamljana (Ugljan Island, 7). In Boka Kotorska 
about 30.0% of mussels {Kater Bay, 10) were invaded, but, earlier, only 4-9% was 
registered by STJEPCEVIC ( 1974). 

4. It seems that in Limski kanal (3) the intensity of infestation did not 
significantly change monthly. In January-March, July and November the infestation 
ranged as follows: 40.7, 20.0, 36.0, 40.0 and 49. 7%, respectively. Hydroida were 
not observed in the June sample. 

s. Mussels of various length frequency classes were invaded from 10.0 to 44.0% 
(Limski kanal, 3, Rasa Bay, 4). 

6. It appears that the index of condition in mussels is not directly influenced by 
hydroid infestation. In Limeky kanal (3) and Mali ston Bay (9) at almost the same 
level of infestation different index of condition were found. 

In conclusion, our observations indicate that Eugymnanthea is frequent in the 
Adriatic Sea with a moderate infestation of mussels but it seems that: the hydroid 
influence on the host is negligible. 
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B-IV3 
Changes in size and abundance of Donax trunculus related to depth 

and bottom characteristics 

A. VOLIANI, R. AUTERI, R. BAINO and G. GIANNARDI 

Consorzio Regionale di ldrobiologia e Pesca, Livorno (ltalia) 

INTRODUCTION: Sandy bottoms resources in shallow waters off Tuscany 
have been for a long tinte exploited by artisanal shell-fishing. 
These resources have been recently st•~died by an appraisal fishing 
survey. A wide series of quantitative and biological information has 
been collected, aimed at defining both population structure and 
geogt-aphical di stl-ibution. 

MATERIAL AND METHODS: 141 tows have been performed with a 
pl-ofessional boat-operated dredge on the sandy bottoms between Livorno 
and Viareggio. The 25 km coastline has been sampled by means of 4 
systemati•.o ean!paigns within the 1-5 meters depth range. 
Furthermore, 7 monthly collections have been carried out with a 
close-mesh net dredger to survey the presence of smaller individu~ls 
which had not yet recruited to the professional fishery. 
The eatehes have been used to define local species abundance and size 
distribution. The structural composition of the sediment has been 
determined in 21 sites by standard Weber sieves. 
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RESULTS: The highest yields of 
Donax trunculus (mor·e than 2 
kg/tow> have been obtained to the 
north of the Arno River mouth 
within the 3.5 meters depth: FigUI-e 
1 illustrates the average annual 
•.:.atch per tow in the examined area 
in relation to geographieal 
allocation and depth. 
The .analysis of" the grain size 
reveals that sandy bottom is on the 
average quite uniform to the north 
of the Arno River mouth: 0.25-0.5 
mn1 up to 3 . 5 meters depth and 
0. 12-0 . 25 mm f•-om 3 . 5 to 5 . 5 
meters; towards the south the sandy 
bottom is progressively finer fron1 
the Arno River mouth 00.5 mm> to 
Calambrone <<0.25 mm>. 
These results are due to the solid 
outflow of Arne River and thei•
differential dispersion by the 
coastal marine streams <Aiello et 
al., 1975). 

Deptlt 

The above mentioned highest yields 
have been found in the depth •-ange 
of 1-3.5 meters and with .a medi•.Jm 
sandy ground (0.25-0.50 mm> in 
agr--eement with pr--evious Tindings 
{Costa et al., 1987). 

m 5 32 SOUTH 
flt,ure I. Mean catch per tow (tt,) in the 

Aurveyed area. The me.an weight of individuals 
is significantly related to the 
depth <Figure 2> and the 
resulting regr·ession is linear ;:J:Tid 

increases with the depth. 
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fl!,ure 2. Qelallon between the individual mean welt,U 
(t.}-and the depth (m) In three Aectora and 
tile reaultlnt, ret,reulon line. 
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figure 3. Oelatlve pre11eoce or juvenileA and 
adult11,and CPUf: at different depth!!. 
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The incre~se in size with 
depth is also confirmed by 
the freq•~ency distribution 
of age classes. In the 
histogram of Figure 3, 
the rel-ative abundance o-f 
juveniles <between 15 
and 22 n\m length) and 
adults (ave•- 23 o1m length> 
is plotted depth 
axis. 

CONCLUSION: Donax 
tr•.Jnc•.Jl•.Js Tinds its 
optimum ground on medium 
sandy bottoms <grain size 
from 0. 25 to 0. 5 n1m) and 
it •-epresents a valid 
resource for the lo~=:.al 

fishing activity only in 
the northerrt area, from 
the Arno River mo•.Jth up to 
3. 5 m depth where trois 
bottom sediment type is 
dominant. 
The size distribution 
shows a positive trend 
with in~.:reasing depth. 
This is firstly due to the 
intense -fishing effort 
which acts mainly on 
lower depths, where higher 
yields .al .. e common,. 
seeondly to the movement 
of the adult specimens 
also confirmed by the 
poor presence of' young 
individuals at higher 
depths. 
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B-IV4 
Quelques donnees sur Ia reproduction de Ia Pintadine Pinctada radiata 

(Leach) des lies Kerkennah (Tunisie Meridionale) 

Sabiha TUG, Fredj KART AS et Jeanne ZAOUALI 

Laboratoire de Biologie et d'Ecologie littorale, Facult9 des Sciences de Tunis (Tunisia) 

La pintadine Pinctada radiata est un lamellibranche indopacifique a Vasta 
r6partition geographique. Elle e'est introduite en M~diterranee par la mer Rouge l 
la suite du percement du canal de Suez et n'a cess~, depuis, ct•etendre son aire de 
distribution gagnant des zones de plus en plus sePtentrionales. En Tunisie, elle a 
ete signalee pour la premiere fois par DAUTZENBERG en 1895 dans le golfe de Gabes oii 
elle constitue a 1 'heure actuelle des gisements denses; rna is ell se rarefie tree 
rapidement a meeure que l'"on va vera le 'nord et sa presence devient accidentelle 
dans le golfe d'Hammamet et de Tunis. 

Lee donnees sur ia reproduction de 1 'eapece sent pour la plupart anciennes et 
peu nombreuses. Selon TRANTER ( 1958), lee populations australiennes se reproduisent 
le long de 1' annee d' une fac:ron presque continue. Le maximum de developpement de la 
gonade a lieu durant lee mois lea plus chauds (d'octobre a jagvier) et l'~ission 
des produits sexuela ee cteclenche des que la temperature de 1 'eau commence A 
diminuer et attaint son maximum d' intensit8 en avril-mai. 

Dans le cadre de notre travail sur la pintadirie des Ilea Kerkennah, neue avons 
tente d 'elucider certains phenomenes lies a sa reproduction. Pour eel a, nous avons 
determine lee etades de developpement des gonadee etablis par LUCAS (1965) (stade A: 
gonade vide, au repos sexuel; stade 8: gonade en cours de maturation; stade C: 
gonade mature en pr9ponte) et calcule 1' indica de maturite R selon la formula de 
YASUDA et al. (1954) R = n1A + n2B + n3C x 100 avec A = 0; B = 0,5; C = 1 et n1, 

nl + n2 + n3 
n2, n3 lee nombres d' individus aux stades A, B et C. De plus nous avons essaylt 
d'9valuer, d'une part !'influence de la temperature de l'eau (T) et, d'autre part, 
celle de la condition de la pintadine sur le deroulement de la reproduction, en 
analysant lee variations de l'indice de condition (lc) d~fini conune le rapport en 
pourcentage du poids de la chair humide egouttee sur celui de la coquille egouttAe. 

Lea resultats obtenus sont illuetres par la figure ci-dessous. 
L' evolution saisonniere des stades sexuels indique que le taux des spltcimens en 

cours de maturation representee par le stade B, gravite auteur de 20% tout en 
manifestant de mars a septembre une lSgere et r~guli~re diminution. Lee individus en 
phase de repos sexuel ( stade A) sont tr~s nombreaux en d~cembre oii ils constituent 
plus de 50% de la polulation; leur effectif chute ensuite considerablement pour 
devenir nul en juin. Il n'en est pasde rn~me des individus matures en preponte (atade 
C), dont l' effectif, relativement faible en decembre ( 28% de la population), 
s 'accro±te fortement pour atteindre lee proportions de 81% en juin et regresser lee 
mois suivanta, tout en demeurant assez Sleve, puisqu' il forme en septembre entre 43 
et 63% de 1 'ensemble. 

Lee valeur a saisonnieres de 1' indice de maturit~ (R}, qui evoluent de la meme 
rnaniere que celles du stade c, montrent que la gonade est active durant toute 
1' anm§e rna is que cette acti vite est variable salon lea saisons, elle est r6duite en 
hiver, moyenne au printempa et en automne et 8levee en ~t~~ L'6misaion dee 616menta 
sexuela est etalee dans le temps et se produit essentiellement pendant 1 '6t6 et 
l'automne. 

Lee processus de maturation des gonades semblent ~troitement lilts A la 
temperature de l'eau {T), puisqu•aux faibles valeurs hivernales de la tem~rature 
correspond l' indica de maturit8 le plus faible, le maximum de l' indice de maturit6 
coincidant par centre avec lea plus fortes tem¢ratures estivales. 

Quant A l'indice de condition (lc), il varie peu d'une saison A l'autre et lea 
faibles valeura enregistrees en septembre 1986 pourraient e'expliquer par 
diminution du poids corporal consecutive a la ponte. 
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B-IVs 
Aspects de Ia reproduction chez Acanthocardis sculeata (L.) 

(Mollusca, Bivalvia) du Golfe de Trieste 

Giorgio VALLI , Alessandra CERINO et Paola NODARI 

Dipartimento di Biologia deii'Universita degli Studi di Trieste (ltalia) 

Abstract: The reproduction of Acanthocardia aculeata has been studied during 
1988-89 by histological method. The reproductive activity occurs principally 
in the winter and smaller in the spring. The sex-ratio is 57 .SSt ! 2 • 3.39 
(p=0.05) for males. 

Acanthocardia aculeata est une. espece gui vi t sur des substrats vaseux et 
sableux de la Mediterrannee et de 1 'Atlantique. Dans le Golfe de Trieste elle a 
ete reperee (VIO, information personnelle) des 9 metres de profondeur et, plus 
frequemment, des 10 metres dans le circalittoral. La 1itterature ne contient, 
A notre connaissance, aucune etude sur sa reproduction. A fin d 'apporter une 
contribution a la connaissance de la biologie de cette espece, on a recueilli, 
tous les mois, de juin 1988 a juin 1989, une cinquantaine d'exemplaires, pro
venant de p~ches faites dans le Golfe de Trieste. On a mesure, avec un compas a 
coulisse, la longueur, la hauteur et l'epaisseur de la coquille et determine le 
poids total, celui des parties molles et de la coquille de tous les animaux. 
Les parties molles de 20 exemplaires, choisis au hasard, ont He fixees au 
Bouin, coupees (6 !lm) et colorees A 1 'hematoxyline-eosine. Les gonades ont ete 
classees selon une echelle de 6 Stades: Stade 0 ( repos sexuel), Stade 1 (debut 
de la gametogenese), Stade 2 (developpement), Stade 3 (maturi te), Stade 4 
(emission), Stade 5 (fin du cycle). Sur les animaux restant on a determine le 
poids sec de la chair (etuve a 105' C), le poids des cendres (four A 550' C) 
et, par difference, le poids sec sans cendres. Enfin on a determine le volume 
int~rieur de chaque valve. Toutes ces mesures, sauf la longueur de la coquille, 
seront analys~es, par necessite, ail leurs. La longueur moyenne eta it de 6. 4 em 
(l'intervalle de 2.6 a 8.8 em) c'est a dire il s'agissait d'animaux adultes qui 
s 'etaient deja reprodui t. L' etude histologique des gonades a permis d 'etabl i r 
que Acanthocardia aculeata est une espece gonochorique, toutefois on a observe 
quelques individus hermaphrodites (5 sur 260 exemplaires examines). Le sex-ra
tio est 57.55\ ± 2 • 3.39 (p=0.05) pour les mAles. La gametogenese s'etend 
principalement d'aoQt a novembre, mais on observe des exemplaires en gametoge
nese toute 1 'annee, sauf en fevrier-mars et en juin. L' emission des gametes 
arrive, principalement, de novembre a janvier; elle est plus moderee en 
fevrier-avril pour reprendre en mai et surtout en juin. En fevrier- jui !let on 
observe un petit nombre d' individus a la fin du cycle ou en repos sexuel. L' in
dice gonadique de Seed (1980), qui synthetise par une seule valeur par mois 1a 
condition des gonades (sa valeur est 0 1orsque tous les individus sont en repos 
sexuel et 3 s' i ls sont tous mQrs), est (de juin 1988 a juin 1989): 

J /88 J A S 0 N D J /89 F M A M J 
1.35 0.75 1.80 1.95 1.95 2.25 2.45 2.10 0.85 0.70 0.75 1.25 1.70 

Les valeurs de 1 • indice gonadique tendent a la baisse en juin- jui llet, en rela
tion avec la fin du cycle et 1 'entree en repos sexuel, tandis qu' elles tendent 
a 1a hausse en aoQt-decembre avec les progres de la gametogenese et la reali
sation de la maturite .sexuelle. Par consequent le cycle reproductif chez Acan
thocardia acu1eata du Golfe de Trieste est particulierement intense. La raison 
de 1 'adoption d'une strategie reproductive de type "r", selon la definition de 
Lucas et alii (1978), c'est A dire d'un remarquable effort reproductif, est a 
rechercher dans la mortalite elevee. Cette mortalite est la somme des· morta
liUs naturelles, larvaire, juvenile, par predation, parasitisme et p~che qui 
pourront Hre mieux precisees par des recherches ulterieures. r.es conditions 
ecologiques du Golfe de Trieste: temperature, salinite, oxygene, nourriture 
etc., Hudiees par Fonda-Umani et alii (1985) ,e Milani et alii (1988), sont fa
vorables. En particulier, selon ces Auteurs, les variations thermiques entre la 
surface et le fond sont limitees a 6-7 'C; les valeurs les plus faibles de la 
temperature, dans la colonne d'eau sont d'environ 7 'C a la fin de fevrier et 
les valeurs maximales, autour de 24 'C, en aollt. La salinite descend, tres ra
rement, au-dessous de 30 t,. et 1 • oxygene descend au ni veau de la sous-satura
tion au cours de tres breves periodes. En ce qui concerne la nourriture on peut 
remarquer que Acanthocardia aculeata vi t dans le Circali ttoral du Golfe de 
Trieste: par consequent son alimentation peut Hre continuelle et elle demeure 
au dehors des chocs thermiques auxquels sont soumises les especes du medioli t
toral, par exemple Mytilus galloprovincialis, obligees de survivre en condi
tions d'·anaerobiose (Valli, 1971; Valli et Alii, 1975) pendant la maree basse. 
En conclusion le cycle reproductif chez Acanthocardia aculeata manifeste une 
tendance a la continuite (dQe au manque ou a. la reduction de la periode de re
pos sexuel) qu'on avait deja observee pour une autre espece du Circalittoral du 
Golfe, Callista chione (Valli et Alii, 1983/84): mais la similitude s'arrH la, 
les temps et la duree des di verses phases du cycle different. La gametogenese 
chez Acanthocardia aculeata du Golfe de Trieste est la phase preponderante en 
aoQt lorsque la temperature de la mer est la plus elevee et elle se pour suit 
tandis que la temperature diminue. La maturite sexuelle et 1 'emission des game
tes arrivent dans les mois fro ids de 1 'annee. Des etudes ulterieures sont 
necessaires car, au cours des dernieres ann~es, on assiste a une modification 
progressive des parametres <\cologiques du Golfe de Trieste. En particulier on 
remarque une hausse de la temperature de la mer soi t en He soi t en hi ver, dont 
les consequences. se sont deja manifestees par une enorme production algale 
("mare sporco"). 
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B-IV6 
Cycle Biologique et Variations Biochimiques du Bivalve Spisu/a 

subtruncata en Haute Adriatique 

P. ACCOSSATO, V. FESTA, A. OCCHIPINTI AMBROGI et P. VITA-FINZI 

Dipartimento di Chimica Organica e Dipartimento di Genetica e Microbiologia deii'Universita di Pavia 
(ltalia)/ENEL · C.R.T.N., Milano (ltalia) 

Abstract - The growth and biochemical composition of a population of 
Spisula subtruncata living in the coastal sandy bottoms off the Po ri
ver delta are described. The lipid accumulation is related to repro
duction, whereas carbohydrates are comparatively low and irregularly 
fluctuating, and proteins are rather steady. 

Les variations de composition biochimique du bivalve Spisula subtrun
cata (da Costa) ont ete suivies pendant un cycle annual dans une sta
tion c&tiere devant le Delta du fleuve Po, en relation avec 1' accrois
sement des individus composants la population. 
Les prelevements ont ete effectues a la drague, sur des fonds sableux 
de 5 a 6 metres de prOfOndeUr, pendant 13 CampagneS' a partir d I OCt0-

~~~1~;:7 a~~~~~! 1~~;~e~a;9 ~e~nEn re~~l t:~p~ ~~u: i!"!!~r!ati~n e~~a~~ 
densite et de la taille des animaux. Les methodes utilisees pour !'ex
traction et la determination des lip ides (Ways et Hanahan, 1964; Zol
lner et Kirsch, 1962) et des glucides (Dubois et al.,1956) ont ete ap
pliquees en utilisant un spectrophotometre Lambda 1 Perkin-Elmer; la 
teneur en protides a ete evaluee en multipliant le contenu en azote 
elementaire (mesure par CHN Analyzer Leco) par le coefficient 6,25 
(Giese, 1967). 
Le cycle biologique de Spisula subtruncata s 'est deroule comme pour le 
passe (Ambrogi et Occhipinti Ambrogi, 1987), la nouvelle cohorte appa
raissant aux prelevements de jui1let, la maturation des gonades pendant 
l'hiver et la liberation des gametes au printemps. La majorite des a
dultes ne survit pas a la reproduction. 
La teneur en lipides totaux suit le cycle reproductif des bivalves, 
elle presente des valeurs maximales en avril 1988 et mars 1989 ( 125 
et 154 mg respectivement de lipides par g de poids sec ) . Les va1eurs 
les plus basses ont ete enregistrees en automne (40-70 mgjg). 
Le D-glucose et le glycogene ont montre une variabilite egalement ac
cusee mais un cycle moins defini, avec des pies soit en ete ( 71 et 
110 mgjg respectivement ) soit en automne ( 72 et 146 mgjg ) . 
La teneur en protides ne varie pas excessivement, passant de 446 mgjg 
en decembre 1987 a 565 mgjg en mars 1989. 
La croissance ponderale des bivalves est strictement liee a l'accumu
lation des lipides. Le poids sec libre de cendre atteint son maximum 
de 50 mg (moyenne individuelle) en mars 1989. Dans nos prelevements 
les individus les plus jeunes, sans gonades reconnaissables, avaient 
un poids moyen de 30 mg et etaient generalement plus riches en gluci
des. 
Le cycle observe dans la region du Delta du Po peut etre compare avec 
celui decrit par Bodey (1980) dans le golfe de Marseille. On confirme 
la relative pauvrete de glucides par rapport aux populations de Bival
ves des mers nordiques, dans notre materiel, ainsi que le deroulement 
du cycle biochimique par rapport a 1' accroissement et a la reproduc
tion. Nos donnees, d •autre part, se caracterisent par une croissance 
ponderale plus rapide et par des quantites nettement plus importantes 
de lipides. 
Ceci confirmerait l'importanoe de la disponibilite de nourriture 
(beaucoup plus abondante en Adriatique qu' en Mediterranee occidentale) 
sur la composition biochimique des bivalves. 

GLYCOGENE 

X-87 Xll-87 1-88 III-881V·88VI1-881X-88 X-88 Xll-8811-89 111-89 VI·BBVII-89 

LIPIDES 

X-87 Xll-87 1·88 III-881V-88VII-881X-88 X-88 Xll-8811-89 111-89 VI-89VII-89 
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B-IV7 
Etude Dynamique de Venus gallina (L.) et 5pisula subtruncata (Da 

Costa) (Mollusques-Bivalves) de Ia Baie d'Aiger 

A. BAKALEM , A. MESSILI et J.-C. ROMANO 

ISMAL, BP 90 Alger-1er Novembre (Algerie) 

INTRODUCTION : Venus gallina et Spisula subtruncata, esp€ces caract&ristiques cons
tantes des sables fins de la baie d'Alger, sont des especes "leader11 du peuplement 
des sables fins au sein duquel elles sont les deux principaux producteurs secon
daires de matiere organique, et jouent un rOle preponderant dans la chaine trophique 
en tant qu'espece-proie (Bakalem, 1979). c•est dans cette optique que nous nous 
semmes interesses a ces deux espec-es et entrepris leur etude spatio-ternporelle. 
MATERIEL !TI_ METHODES : Dans le cadre d 1 une etude des sables fins de la baie d' Alger 
des prelEwements quantitatifs a la benne Van Veen de novembre 1984 a septembre 1986 
ant ete realises a quatre stations : H, o, F et B. Ces stations (- 10 m) couvrent 
l' ensemble du peuplement des sables fins. Chaque preu~vement correspond a une 
surface de 1 m2, les effectifs d€nornbr4s repr9sentent la densit€: exprimee en nombre 
d' individus par m2 {ind./m2). Pour le calcul de la biomasse (g/m2) nous avons 
utilise les relations taille-poids ftablies par Bakalem { 1981} : W =- 2 .l~our Venus 
gallina et W = 2.1cr&~~our Spisula ~ oU West le poids sec (g) et L~ 
plus grande taille ( mm) . 
RESULTATS : A la station B les effectifs de Venus gallina dirninuent au cours du 
temps, cette diminution est interrompue certains mois (mars, octobre et d€cembre 
1985) par un recrutement .§ph8m€re. La densit€ maximale (301 ind./m2) est notee en 
mars 1986 ; la densite minimale (16 ind./m2) en septembre 1986. La station B devient 
d9.favorable a Venus au cours du temps car a partir de la fin de 1 1 ann4e 1985 et en 
1986 ses densites sent faibles. L'€:volution de la biomasse dans le temps est simi
laire a celle de la densit€:. Les fortes biomasses (29,56 a 44,35 g/m2) de novembre 
1984 a avril 1985 $I 0pp0sent aux faibleS ValeUrS de la biOmaSS€ notees a de 
mai 1985, en particulier la biomasse minimale (0,43 g/m2) en mars Venus 
gallina en automne et au printemps a des biornasses 9levees grace aux recrutements 
lors de ces saisons et a la croissance ponderale import ante au cours de l' ete. En 
novernbre et decernbre 1984 l'abondance de Venus de la station F augrnente a la suite 
d'un recrutement automnal. Puis, nous observons une chute des effectifs en janvier 
1985. De f€:vrier a septembre 1985 la densite diminue, de 170 8. 63 ind./rn2 ; d 1 octo
bre a dE!cembre 1985 {densite rnaximale : 190 ind./m2) elle augmente {recrutement 
automnal). En mars 1986 l'abondance est faible ; en juin 1986 grace a un recruternent 
printanier,. la densite est elevee (153 ind./m2) tandis qu'en septembre elle l'est 
mains. Les variations de la biomasse de Venus de la station F sui vent celles de la 
densite, sauf de mars a juin 1986. De novernbre 1984 a septembre 1986,. en general, la 
biomasse diminue : d'line valeur rnaximale {30,65 g/m2) en dfcembre 1984 elle passe 
progressivement a une valeur minimale { 1, 73 g/rn2) en septembre 1986. Les fluctua
tions de la biomasse de Venus des stations F et B soot sirnilaires. La densi te de 
Venus gallina de la statio;o fluctue consid€rablernent et de fac;on irrEiguliere. Une 
forte augmentation de l'abondance est observee d'octobre a aecembre 1985 (densite 
rnaximale : 345 ind./m2), suivie d'une chute (35 a 59 ind./m2). La fin de l'automne 
1984 et le d€but de l'hiver 1985 sont caract€rises par une augmentation de la 
densite de Venus. Les faibles· densites se rencontrent en ete (densite minirnale : 9 
ind./m2 en juillet 1985). L'Eivolution de la biomasse de Venus dans le temps est 
identique a celle. de la densite, excepte d 1 octobre a aecembre 1985 oU la densite 
augmente considerableme"nt (arriv.fe de tres jeunes individus) et la biomasse diminue. 
Les valeurs Hevees (avant rnai 1985) (9,38 a 31,80 g/rn2) deviennent faibles 
(1,06 a 8,33 g/rn2) excepte en juin 1985 (16,9 g/rn2). Le suivi de Venus ala 
H met e~ evidence deux periodes : --
- novembre 1984 a septembre 1985 : les densites sont faibles ( 11 a 64 ind./rn2), et 
leurs fluctuations peu importantes, mis a part l'hiver et le debut du printemps 1985 
oU. a lieu un recrutement de jeunes, augmentant ainsi la densit9 {85 ind./m2 en 
f€vrier 1985). Les valeurs de la biomasse sent les plus elevees, particulierement 
.fin hiver-printernps 1985 (6,4 a 13,72g/m2) et aoilt 1985 (12,24 g/rn2). 
- octobre 1985 a juin 1985 avec de fortes densit9s (203 a 420 ind./rn2) resultant de 
recrutements automnal et prjnt.anier En ~eptembre 1986 la dens it€: n 1 est que de 50 

ind./m2. Les fluctuations des effectifs en cette periode sont bien 
celles de la periode precedente. Cette augmentation n 1 entral.ne pas une des 
valeurs de la biornasse, excepte en mars 1986 oil il y a une l€:gE:re augmentation (7 ~41 
g/m2). La biomasse diminue ensuite pour atteindre sa valeur rninimale (2,44 g/m2) en 
septembre 1986. Durant cette seconde p€riode les valeurs de la biornasse (2,44 a 7,41 
g/m2) sont bien inf€rieures a celles de la premiere periode. 
Spisula ~ a la station B n 1 est pas constante, elle disparalt en hiver 
{decembre 1984 a mars 1985) ; sa densitB fluctue generalement entre 1 et 4 ind./rn2, 
sauf en juin et septembre 1986, respectivement 25 et 142 ind./m2. Les biomasses de 
Spisula de la station B sont extrernement faibles ( 0, 0029 a 0, 025 g/m2) sauf en 
novembre 1984 (biornasse rnaxi.male : 3,21 g/m2) et septernbre 1986 (2,01 g/m2), grace 
au recrutement automnal ou aux individus ayant eu une croissance importante lors de 
l'ete. Aux autres stations Spisula est tres diff€:remment representee ; tres abondan
te dans le temps a la station H comparativement aux. stations 0 et F oU les densites 
sent proches. Pour ces trois stations les densit€:s €:levees existent du printernps 
jusqu •a l' automne, periode correspondant a celle du recruternent. De tres fortes 
densit9:s sent notees en 1986, particulierernent en juin et septembre : 1201 et 230 
ind./rn2 pour la station H, 1892 et 1303 ind./m2 pour F et 1113 et 370 ind./m2 pour 
la station o, contrairement a 1985 oU les conditions du milieu semblent €tre defavo
rables a Spisula. Nous remarquons des fluctuations importantes des effectifs aux 
stations H, 0 et F indiquant 1 1 instabilit€: du milieu. L'abondance de Spisula en 
hiver est faible. Les fluctuations de la biomasse de Spisula suivent celles de la 
densi te surtout aux. stations 0 et F. La station 0 possede les biomasses les plus 
elevees (0,45 a 25,07 g/m2), suivie de H (0,02 a 16,4 g/m2) et F (0,0018 a 31,58 
g/m2). Les biomasses en 1986 sent superieures a celles des annees precedentes, 
excepte pour la station 0 eli de novembre 1984 a mars 1985 {sauf janvier) Spisula a 
des biomasses panni les plus fortes not€:es pour cette espece (16,6 a 25,07 gjm2). La 
biomasse maximale (31,58 g/m2) est observee en septembre 1986 a la station F . 
L 1 automne correspond ala saison aU Spisula pr9sente des biornasses €:levees, c'est 
aussi le cas, mais a un degre moindre au printernps. 
DISCUSSION -~ : ~ gallina et Spisula subtruncata, sent distribu€:es 
diff€:remment selon les fonds occupes par le peuplement des sables fins. Cette dis
tinction evolue dans le temps. Les stations F et 0 ant des densites similaires au 
cours du temps pour Venus et Spisula ~ Venus gallina est une espece constante, dans 
le temps, dans les stations 9.tudi€es, par centre Spisula subtruncata ne l' est que 
dans les stations H, 0 et F oU elle est generalernent dominante par rapport a ~. 
Spisula est tres peu abondante, ou absente du milieu, en hiver ; ses densites sent 
elevees au printernps et en automne. Venus gallina est bien representee dans le 
milieu a la fin de l'hiver - dBbut du printemps et en automne, par centre en ete ses 
effectifs sent faibles. La distribution de Venus et Spisula semble etroitement liee 
aux conditions locales du milieu. Les stations retenues sont telles qu'elles refle
tent chacune les conditions particulieres existantes au niveau des fonds de sables 
fins de la baie d'Alger. Bakalern et al (1988) ont mis en evidence les particularit8s 
de chaque station tant sur le pl;;; ronditions ecologiques que peuplement macroben
thique. Il res sort de leur etude que la stabilite fcologique est diffBrente selon 
les stations : - la station H oil l' instabilite ecologique est grande~ se traduisant 
chez Venus et Spisula par des fluctuations quantitatives irnportantes et irregulieres 
dans letemps. Les conditions du milieu favorisent tres nettement Spisula au detri
ment de Venus. - la station 0 oU 1 1 instabilite est moindre comparativement a la 
station H, ~consequences sont identiques pour les esp€ces 8tudifes rna is ~ est 
rnieux representee 
- la station B, la mains perturbee, une certaine stabilit.e fcologique favo-
risant ~~ alors que Spisula ne gu€:re y trouver de conditions favorables. 
Les variations des densitEi et biomasse sent faibles et dans le temps 
- la station F est une station intermBdiaire entre les 0 et B ; les condi-
tions existantes favorisent lEigerement Venus aux dBpens de Spisula. 
BIBLIOGRAPHIE SOMMAIRE ; Bakalem A., 1979: These 3e cycle, U.B.O., 288 p. Bakalern 
A., 1981. Pelages 6( 1) : 165-220. Bakalern A., Hassam N., Mohammedi M., Oulmi Y .et 
Romano J.C., 1988. Rapp.Comm.int.Mer Medit., 31(2) : 167 
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B-IVs 
Etude Spatio-Temporelle des Mollusques des sables fins de Ia Baie 

d'Aiger 

·A. BAKALEM , F. BOUDJERRA , J.-C. ROMANO at A.-L YAGOUBI 

ISMAL, BP 90 Alger-1er Novembre (Algerie) 

INTRODUCTION : Les sables fins de la baie d'Alger ant le peuplement macrobenthique 
le plus riche qualitativement et quantitativement (1). Ce peuplement, sournis de plus 
en plus a des perturbations ayant pour origine l' agglomeration algeroise, est etudie 
depuis 1976 aussi bien sur le plan spatial que tempore!, afin de connaitre son 
evolution et de la pr8ciser l'impact de la ville d'Alger sur la baie d'Alger (3). Au 
sein de ce peuplement les Polych€:tes et les Mollusques sent les groupes zoologiques 
principaux. Sur le plan quantitatif {densit€, biomasse), les Mollusques dorninent ; 
de ce fait nous avons etudi€ leur evolution spatio-temporelle et preciser leur impor
tance dans le peuplement des sables fins de la baie d 1 Alger. 
MATERIEL ]IT METHODES : De novembre 1984 a septembre 1986 quatre stations ( -10 m) : 
H, 0~ F et B, des sab~es fins de la baie d'Alger, ont ete prospecb§es. A chaque 
station 16 preH~vements, de 1 m2 chacun, ont ete effectu6e a la benne Van Veen. Les 
caractBristiques des stations ant ete exposBes dans des travaux antBrieurs (2) (3). 
Pour le calcul de la biomasse nous avons eu recours a la relation taille-poids 
etablie par Bakalem ( 1979) pour Venus gallina, Spisula subtruncata, Acanthocardia 
tuberculata, Pandora inaeguivalvis et Nassa mutabilis et a la methode de decalcifi
cation pour les autres especes. La biornasse (en poids sec) est exprimee en g/rn2 et 
la densite en nombre d' individus/m2 (ind./m2). 
RESULTATS : Station H : 44 especes, se r8partissent ainsi : 32 Bivalves, 10 Gastero
podes et 2 Opisthob;anches. Le nombre d' especes a partir de d€cembre 1985 est tres 
superieur a celui anterieur a cette date. Le maximum d'especes (26) est note en mars 
1986, le minimum (7) en f€vrier 1985. Les fluctuations quantitatives sent irregu
liE~res et d'amplitude elevee. Les densites, a partir d'octobre 1985 sent plus gran
des que celles des mois anterieurs. Les fortes densites se notent a la fin de 
l'hiver et au printemps (maximum en juin 1986 : 1799 ind./rn2), periode de recrute
rnent, dent l' importance differe selon les annees. Les faibles densites se situent a 
la fin de l'automne et en hiver (minimum en fevrier 1985 : 99 ind./m2}. Les varia
tions de la biomasse tres irrBgulieres suivent celles de la densit€. La biomasse 
elevee aux p€riodes de recrutement (maximum 28,28 g/m2 en mars 1986) et a la fin de 
l'ete (maximum 31,54 g/m2 en septembre 1986), est faible en ete (minimum 2,98 g/m2 
en juillet 1985). Ces fluctuations sent dues a : Venus gallina, Spisula subtruncata 
et Desinia lupinus. En effectifs, Spisula domine, sur le plan de la biornasse c'est 
Venus. A ces especes s'ajoutent les especes : Venerupis texturatus, Abra alba, 
Acanthocardia tuberculata, Corbula ~~ ~ semistriatus, ~ ~, 
~ lequmen, Tellina distorta et 1....=_ pulchella, ~ mutabilis et !!.::_ ~~ 
Station Q : Il a ete d€!nombre : 29 Bivalves, 10 Gasteropodes et 1 Scaphopode, soit 
40 especes, le maximum d 1 esp?=ces { 24) se situe en octobre 1985 et le minimum ( 10) en 
decembre 1984. Les fluctuations des effectifs sont fortes et irregulieres, a partir 
de septembre 1985 oil des densites elevees sent notees (maximum en juin 1986: 2497 
ind4/rn2). Les faibles densite!s s'observent en hiver et ete (minimum 71 ind./m2 en 
juillet 1985). Au printemps et en automne, les effectifs sent grands. La biomasse, 
importante en novembre et aecembre 1984, respectivement 50,29 et 50,99 g/m2, decro:it 
de far;on irr8guliE~re jusqu'en juin 1986, avec une valeur minimale {3,55 g/m2) en 
juillet 1985, puis augrnente en septembre 1986 (25,86 g/m2). La station 0 presente 
les plus fortes biomasses en automne et hiver. Les valeurs eleve!es, et les fluctua
tions, de la densite et biornasse sent dues a Venus et Spisula accompagnees de 
Dosinia lupinus,. especes constantes, les aut res especes principales sent : Venerupis 
texturatus, Abra alba, Donax semistriatus, Mactra corallina, Pandora inaesuivalvis, 
Pharus lequmen, Tell ina pulchella, !..:._ disterta et !..:._ tenuis ~ 
Station F ; Le nombre d'especes fluctue entre 9 (f€!vrier 1985) et 22 {septembre 
1986), s;it 41 especes inventoriees (32 Bivalves, 5 Gasteropodes et 2 Scaphopodes}. 
Le rnaxirnun d'especes est enregistre a partir d'octobre 1985 et le maximum de Gaste

ropodes (5) en septembre 1986. Les densites de juin a septembre 1986 sent supe!rieu
res a celles de novembre 1984 a mars 1986 pe!riode oil les fluctuations faibles 
presentent un aspect 11 en dents de scien, avant d' augmenter considerablement en juin 
(densite maximale : 2318 ind./m2) et septembre 1986 (1624 ind./m2). Les faihles 
effectifs existent en hiver et ete, les autres saisons ils sent a l~ur~ val.eur.:; 
maxirnales. La biomasse d€croit de fa9on irr€guliere de d8cembre 1984 {40,2 g/m2) 8 
mars 19~6 {7,11 g/rn2, valeur rninimale), a partir de ce mois elle augmente jusqu'a 
une valeur maximale ( 52,67 g/m2} en septembre 1986. Les fortes densites sent dues a 
Spisula, et la biornasse maximale a Spisula et Acanthocardia tuberculata ; 8 l 'ori
glne des fortes densites et biomasses les autres mois c' est Venus. Les autres 
especes contribuant de fac;on notable aux valeurs de la densite et biomasse sent les 
memes que celles de la station o. 
Station B : 30 Bivalves, 8 Gasteropodes et un Opisthobranche sont inventories. De 
novembre-1984 a fevrier 1985 le nombre d'espece minimal (9 a 10}, augmente les mois 
suivants de fa<;on irre!gulie:re jusqu'S. un maximum (20) en septembre 1986. Les varia
tions quantitatives sent peu 8lev8es. Les fortes densit9s de novembre 1984 8 avril 
1985, diminuent de rnaniere irreguliere jusqu'en juin 1986 (160 ind./m2) ; en septem
bre 1986 la densite devient maximale (401 ind./m2), en septembre 1985 elle est 
minimale (69 ind./rn2). La biornasse diminue et augmente alternativement de novembre 
1984 a juillet 1985, passant par un maximum (52,09 g/m2) en avril, ensuite chute a 
12,15 g/m2 en decembre 1985. L'augmentation de mars 1986 (27,04 g/m2) est suivie 
d'une forte diminution en juin et septembre 1986 pBriode oU la biornasse est minimale 
( 8, 78 g/m2). L 1 abondance des Mollusques dans le temps est due a ~, Dosinia 
lupinus, ~ semistriatus, Tellina pulchella et Venerupis ~ ; A ces 
especes s 1 ajoute en juin et septembre 1986 Spisula. De novembre 1984 a d9cembre 
1985, Venus contribue tres largement a la biornasse ; Acanthocardia tuberculata Y 
contribue aussi quand elle existe grace a ses biomasses elevees en mars et septembre 
1986 avec respectivement 25,57 et 9,32 g/rn2 ; Dosinia lupinus, espece constante 
s 'ajoute a ces especes rnais ses biomasses sent faibles sauf en juin 1986 ( la plus 
forte 5,32 g/m2) _ 
DISCUSSION ET CONCLUSION : La station H a une plus grande richesse specifique que 
les autres st':;tions ayant un nornbre d' especes p~esque identique. En general a toutes 
les stations le nornbre d' especes et la densi te a partir de septembre 1985 sont plus 
importants. L' abondance classe par ordre d' importance de!croissant les stations 
ainsi: o, F, H et B. Si les ecarts d'effectifs entre les trois premieres sent 
relativement faibles, ils sent eleves entre ces 3 stations et la station B. Les 
fortes densi tes s 1 observent au printemps et en automne et les maxima en juin 1986 
aux stations H, F et o, et en septembre 1986 a la B. La station B se classe en tete 
par ses fortes biomasses, suivie par 0, F et H. A ces trois dernieres stations la 
biomasse evolue sensiblement de la rni?:me facon, avec des variations notables dans le 
temps. De l'etude deux periodes se degagent : - novembre 1984 a septernbre 1985 : . 
stations o et F avec un nombre d'especes et des densites faibles mais des biornasses 
elevees ; . station B avec un nombre d'especes, des densit9s et biomasses elevees . 
station H a un nombre d' especes, des densites et biornasses faibles. 
- octobre 1985 a septernbre 1986 : oU la situation aux stations est· totalernent 
1' inverse de la precedente. 
Les variations des densites ont pour origine Spisula associ4e a Venus gallina, 
Dosinia lupinus, ~ rnutabilis et Abra alba a la station H ; Venus accornpagnee de 
Spisula, Dosinia, Mactra corallina et Abra alba aux stations F et 0 ; et associee a 
Donax semistriatus, Dosinia et Tellina pulchella a la station B. Les fortes biomas
ses et leurs fluctuations sent dues a Venus et Spisula aux stations H et 0 et a la 
station F aU s 1 ajoutent Acanthocardia ~~ Dosinia et Mactra. Ces trois 
dernH~res especes associees a ~ semistriatus contribuent avec Venus aux biomas
ses €!:levees, et leurs fluctuations, de la station B. Nous constatons que d' une annee 
a une autre les fluctuations qualitatives et quantitatives des Mollusques sent 
irregulieres et irnportantes. Cela semble etre dG. aux conditions et a la stabilite 
ecologiques du milieu. Il a ete mis en €vidence pour ce peuplernent des perturbations 
notables dues aux rejets d'eaux usees urbains (3). Ainsi l'instabilit8 grande B. la 
station H, dEi:croit de la station 0 a la station B ( la rnoins perturbee) en passant 
par la station F. Cette instabilit€ explique les variations qualitatives et quanti
tatlves observees : irnportantes aux stati.ons H et 0, les plus perturbees, relative
ment faibles a la station B oU la stabilit€ e!cologique est grande. la station F 
semble occuper une position interm€.diaire. 
BIBLIOGRAPHIE SOMMAIRE : (1) Bakalem A., 1979. 3e cycle U.B.O., 288 p. - (2) Bakalem 
A., 1981. Pelages 6(2): 118-165 - (3) Bakalem A., Hassam N., Mohammedi M-. Oulmi Y. 
et Romano J.C., 1988. Rapp.Cornm.int.Mer Medit., 31(2) : 167 
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Northern Tyrrhenian Sea 

Franco BIAGI• , Stefano DE RANIERI• and Mario MORI .. 
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.. lstituto Anatomia Comparata. V. le Benedetto XV, 5, 16132 Genova (ltalia) 

Size at sexual maturity is basic information required for managing the harvest of 

a species of decapods (SOMERTON, 1980) -

Most work on the size at sexual maturity of N. norvegicus has regarded the 

females, while there are fewer studies on· males (FARMER, 1974; SARDA' et aL, 1981). 

Male maturity can be determined either by histological examination of the gonads or 

by morphometric data since many authors have recognized that many decapod species may 

change shape at maturity (BROWN & POWELL, 1972; HARTNOLL, 1978). All specimens 

examined in this work were collected from March to June 1986-

As for histological inspection we observed the presence of the spermatophore in 

each deferens duct, starting from 27 Imll carapace length (CL)- This result is in 

agreement with the observations of STORROW (1912) and FARMER (1974). 

As it is known (HARTNOLL, 1978) the large chelipeds are primarily for sexual 

display and dominance. According to FARMER (1974) in most of Norway lobster juveniles 

the allometric growth of the chelae changes at sexual maturity • Therefore we have 

analyzed the relative growth of the crusher propodite length (CPL) vs. CL, using 

SOMERTON & MaciNTOSH's (1983) computer program "Mature2". 

FARMER (1974) found the change of allometry at 26 mm CL. SARDA' et aL (1981) also 

estimated the onset o! sexual maturity of the males to be at 27 Im!l CL and found a 

further change in the relative growth rate at 40 mm CL. 

On the contrary our analysis did not reveal any allometric change around 27 nun CL, 

while it was shown at 40 mm CL (Fig. 1). All the 511 points have not been drawn for 

the sake of clarity-

Thus the size at maturity onset obtained by our histological examination and the 

size at which there is a change in allometry do not agree but, as stated by AIKEN & 

WADDY (1980), two ·aspects of maturity must be considered in the Norway lobster male: 

physiological maturity, where the lobster is capable of producing mature spermatozoa, 

and functional maturity where, ·given a reasonable opportunity, the male is capable of 

mating with imd inseminating a female, Whether the small males of lobster are capable 

of mating with females is a question that has not been properly investigated. This 

problem has been recognized in crabs as well (MORI, 1986). Observations in aquarium 

could probably clarify this aspect. 
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During research trawl surveys carried out in the Northern Tyrrhe,nian Sea, betwee11 

the Isles of Elba and Giannutri, data on the reproductive biology of the females of 

N. norvegicus were collected. Here we report the results from the analysis of the 

data gathered in 1986/87. 

Range size. The carapace length (CL) ranged between 10 and 55 mm. The CL seasonal 

frequency distributions were essentially unimodal with modal class between 27 and 33 

mm CL. Size at sexual maturity. Size at 507. maturity was estimated, on samples caught 

at September 1986, using three methods: a) fitting the logistic equation, by using 

non-linear least squares, to percentage of the data classified as mature females by 

size (DRAPER & SMITH, 1981) (Fig. 1); b) by regressing CL on the percentage of mature 

females by size (WATSON, 1969) (Fig. 2); c) using a probability paper, on which 

cumulative percentage of mature females is shown for each size class (WENNER et al., 

1974) (Fig. 3). Mature females were considered both those with dark green ovaries and 

ovigerous ones. All the three methods gave similar estimates of the size at 507. 

maturity. Our estimates of the size of sexual maturity are similar to those known for 

other areas of the Mediterranean Sea (FROGLIA & GRAMITTO, 1981; ORSI RELINI & RELINI, 

1989). The slight differences among authors could arise either from having included, 

among mature females, specimens in different maturity stages or from having fitted 

the logistic curve by different methods. Spawning season. Most mature females spawn 

yearly. Females with mature ovaries (green and dark green) predominated in late 

spring catches and were found up to December. Most females with embryos, in agreement 

with the observations of FROGLIA & GRAMITTO (1981) for the Adriatic Sea, were present 

from August to February but single specimens were observed up to late Spring (May). 

Moulting frequency. Moulting of the females occurred throughout the year with monthly 

percentage floating between 9 - 187. reaching, however, peaks of 27-327. between April 

and July. Fecundity. The size-fecundity relationship~ have been calculated separately 

both for females carrying embryos at stage A and females with embryos at stage C, 

classified according to FIGUEIREDO & BARRACA (1963). The linear function was adopted 

to represent the size-fecundity relationships, since it fitted the data set better 

than the power function (Fig. 4). The ANOVA was used to determine whether the size

fecundity relationships differ between the two groups of females. 

Stage A: N = 92; r = 0.902; Y = 181.65 X - 4426.2 

Stage C: N = 29; r = 0.865; Y = 128.41 X - 3208.8 

The slopes differ significantly (F=20.1; P<0.01) and there is a loss of embryos 

during the incubation that seems to be directly related to lobster size. Instead 

HORIZUR et al. ( 1981) observed a costant loss of 457. for the Norway lobster of the 

Bay of Biscay. 
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Though a lot of research has dealt with the relative growth of N. norvegicus only 

few papers (FARMER, 1974; SARDA' et al., 1981; OBRADOVIC, 1988) have treated the 

relative growth of the crusher propodite in detail. The aim of this work is to look 

at the relations of carapace length to various crusher proportions in both sexes of 

N. norvegicus. 

The morphometric study was carried _out on the Norway lobsters collected in Spring 

1986 in the area comprised between the Isles of Elba and Giannutri. The following 

measurements were taken by a vernier calliper to the nearest 0.1 mm: Carapace length 

(CL), from eye socket to the mid-posterior margin of the carapace; Crusher propodite 

length (CPL), the distance from the tip of the propodus to the articulation with the 

carpus; Crusher propodite width (CPW), width across the palm; Crusher propodite depth 

(CPD), depth of the palm measured at CPW level; Anderson cheliped index (CPV), volume 

index based on the product of CPL, CPW, and CPD divided by carapace length (AIKEN & 

WADDY, 1980). The various measurements were plotted vs. CL and analyzed according to 

FINNEY & ABELE (1981) (Tab.l), while comparisons between sexes are shown in Tab.2. 

Tab.l - Estimated parameters between CPL, CPW, CPD, CPV (Y) and CL (X) for both 

sexes. N = Number of specimens; range = carapace length {mm) range; a = 

intercept; b = slope; SE = standard error of the slope; AS = allometric 

status by testing the slope vs a standard of 1, a= 0.05; + = positive 

allometry; 6 = isometry; r = correlation coefficient. 

Sex range SE AS 

Males (CPL) 264 15-68 -0.02415 1.126275 0.01 + 0.990 

Females (CPL) 118 13-51 0.12530 1.017720 0.01 0 0.986 

Males (CPW) 264 15-68 -0.81021 1.245487 0.01 + 0.987 

Females (CPW) 118 13-51 -0.75243 1.200911 0.02 + 0.983 

Males (CPD) 264 15-68 -0.97279 1.267291 0.01 + 0.982 

Females. (CPD) 118 13-51 -0.95454 1.246804 0.02 + 0.971 

Males (CPV) 264 15-68 -0.80716 2.639054 0.03 0.982 

Females (CPV) 1l8 13-51 -0.58166 2.465437 0.04 0.977 

Tab. 2 - Equality test, at same size range, between the relationships of both 

N.S. = not significant; * = significant 

Comparisons of the slopes (b) 

Groups Statistical b* Statistical 
differences differences 

a= 0.05 a= 0.05 

(a) M - F (CPL) 2.88 

(b) M - F (CPW) 0.54 N.S. 1.193 0.06 N.S. 

(c) M - F (CPD) 0.84 N.S. 1.217 0.11 N.S. 

(d) M - F (CPV) 0.20 N.S. 2.483 0.23 N.S. 

The significative difference between CPL-CL relationships of both sexes is in 

agreement with FARMER (1974), SARDA' ~ (1981), and OBRAOOVIC (1988), though this 

last author takes into account the total length instead of CL. Contrary to SARDA' & 
al. (1981) and OBRADOVIC (1988) no significative difference is observed in CPW-CL 

and CPD-CL between sexes within the same size range. The results obtained by these 

authors could be due both their having use groups of specimens of different size 

ranges for comparison and because, at the biggest sizes of CL, greater than 40 mm, 

the males, show a marked change in the chelae allometry (BIAGI ~. , 1990) • 
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Some Aspects of the Biology of Norway Lobster, Nephrops norvegicus, 
in the N. Euvoikos Gulf (Greece) 

Ch. MYTILINEOU, C. PAPACONSTANTINOU and A. FOURTOUNI 

National Centre lor Marine Research, Hellenikon, 16604 Athens (Greece) 

I l!TRODUCT ION 
Norway lobster <Nephrops norvegicus) is one of the most important 

species of Crustacea, with a high cmmnercial value. However, no infonna
tions is available about its biology in the Greek Seas. Various topics of 
the 1 ife history of the species have been studied, but only few referen
ces are cited for the Mediterro'lean Sea. This work deals with the 
length-freq'.:lo;ncy distribution, e age' determination, the growth, ·che 
mortality and the reproduction of iJorway lobster in the l!.Euvoikos Gulf. 

MATERIAL AND METHODS 
A total of 3649 individuals of Norway lobster <1912 females, 1745 

males) was collected at three month intervals, between September 1967 
and June 1968, by a 400HP fishing trawler with a cod-end mesh size of 
14mm between streched knots, in the !!. Euvoikos Gulf. Total and carapace 
length to the nearest mm, weight to the nearest g. sex and berried 
females, were recorded. All analyses have been made separately for each 
sex. Age was determined from length-frequency distribution, using the 
method of BHATTACHARYA <1967). Growth parameters from length distribution 
and mortality from catch curve, have been estimated using respectively 
the Elefan 1 and II computer programs <GAYA!!ILO tl !!L_, 1966). 

RESULTS 
The length-frequency diagram of Norway lobster was based on the ca

rapace length separately for each sex<Fig. 1). The female carapace length 
range was 17-63mm, and the 4 

male 16-72mm. Young-of
the-year, of both sexes 
appeared as recruits in 
February and remained 
present till September. 
The September length 
frequency distribution 
of females was used for 
age determination, accor
ding to the Bhattacha
rya method. and applying 
the Compleat Elefan com-

n•1913~- ...... L5 I 
n•1736 ..... IIALI 

-·-·- ·-·------·--·- . ·--

puter program. The above • 10 .. u •• " .., •• •• 11 11 ao •• 
identified year classes CL (mm) .• 
could be considered as Fig. 1 Length-frequency distribution of Norway 
age groups. Table I shows lobster in li. Euvoikos Gulf between 
the age groups of female September 1987 and June 1986. 
and male Norway lobster, 
their mean length and the separation index, necessary to indicate that 
the groups are meaningfully different. Eight and nine age groups 
respectively for females and males were identified. 

The carapace <CL> and total length <TL) relationship was found for 

female: CL= 0. 11+0. 3XTL and male: CL=-1. 88+0. 32XTL. The length-weight 
relationship was calculated for female:W=0.00083XCL"· 962 and male: 
W=O. 00052XCL'' •:•G•~', <where W in g). The growth parameters of the von 
BERTALANFFY equation, estimated by the Elefan I computer program were: 
Female: L.,_,=71/258:t mm, k=0.13/0.11:t, t".=-1.39/-1.6:t, Rn=0.27/0.36* 
Male: L.,,.,_=84/317* mm, k=O. 06/0. 1*, t",,;-2. 98/-0. 66*, Rn=O. 26/0, 42* 
where Rn:is the goodness of fit index ranging between O<Rn<l,<*>:estima
tion has been done in TL. The GULLAND <1969) formula was used to calcula
ted t., .. The estimtion of total <Z), natural (M) and fishing (F) mortali
ty,based on TL, gave for female: 2=0.904, M=0.293, F=0.611 and for male: 
Z=O. 928, M=O. 263, F=O. 665. The mortality estimations, based on CL, did 
not provide representative values of the fisheries status of the area. 

TABLE I. Age groups of female and male Norway lobster determined 
by the BHATTACHARYA method. 

Female Male : 
Group: Separation index: Mean length<mm): Separation lndex: Mean length<mm): 

1 20. 17 16.50 
2 2. 79 25.39 4. 11 21.87 
3 3. 37 29.81 4. 04 26.34 
4 3. 71 34. 16 3. 00 29.77 
5 3. 64 37.74 3. 43 32.94 
6 3. 21 40.86 4. 37 37.91 
7 5. 79 46.19 3.17 42.69 
8 2. 70 49.64 2. 63 46.70 
9 3. 87 50.88 

Norway lobster in the N. Euvoikos Gulf, appearing in waters deeper 
than 60m, showed its maximum presence in 100-200m depth range. The analy
ses of the sex ratio in the total sample of the Norway lobster, showed 
that female had almost the same proportions with male <o:o=1:1.01>. 
However, the above sex ratio presented seasonal fluctuations. The 
distribution of sex ratio related with length showed that the propor
tion of both sexes remained about 1: 1. · After 42 mm <CL) the percentage 
increase in favor of the male, while after 56mm the female disappeared. 
The maximum percentage of berried females was observed in September 
and December, while the minimum· in June. Berried females appeared 
from 29= and the length at first maturity was 39mm <CL). 

CONCLUSIONS 
The Norway lobster sampled in the N. Euvoikos Gulf presented a slow 

growth pattern. Futhermore, differences between sexes were observed. Eight 
age groups for female and nine for male were determined. During the first 
year of life, females reached greater lengths than males. Males 'presented 
a higher longevity than females, as proved by the larger observed 
lengths, as well as the estimated asymptotic length. 
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Note on the Autecology of the Spider Crab Macropodia rostrata 

Zdravko STEVCIC 

Rudjer Boskovic Institute, Center lor Marine Research, 52210 Rovinj (Yugoslavia) 

The spider crab Macropodia rostrat:a (Linnaeua, 1761) is a quite common species 
in the northern Adriatic Sea. However, little has been published on its ecology· 
There exists only very little information concerning its vertical and horizontal 
distribution, substrate preference and reproductive period (GRAEFFE, 1902; PESTA, 
1918; VATOVA, 1928). The main reason for the lack of information is due to its 
dispersion in the area. It was sampled constantly, but usually in a small number of 
specimens so that intensive autecological investigations were not possible. During 
my studies of decapod fauna in some bays in the Rovinj area (Saline, Lese, Ruja) I 
sampled a sufficient number of specimens to provide some inferences on species 
autecology. The crabs were collected monthly by a muiular (local type of dredge) , 
preserved in 4% solution of formal and later studied in the laboratory. 

Measurements. Maximum carapace length in the male was 24.5 mm and width 12.6 mm. The 
female maximum carapace length was 24.9 and width 13.2 mm. The minimum size of 
ovigerous females was'11.0 mm for carapace length, and 7.4 mm for carapace width. 

sex ratio. Among 196 sampled specimens 104 were males and 92 females. Thus, the sex 
ratio is 1.12. 

COlour. The carapace and pereiopods of captured specimens were yellowish -brown, 
greyish-brown or greenish-brown. The specimens were usually not camouflaged with 
algae. 

Occurrence. In the study area the crabs were variously abundant in season samples. 
They are frequent from November to April-May, with a maximum abundance during 
FebrUary and March. On the other hand, during summer months they were only rarely 
sampled, whereas in July and August were completely absent. However, the 
observations of"VATOVA (1928) as well as our investigations show that the crab can 
be found, in particular during summer, throughout the entire area. From these data 
it can be concluded that Macropodia rost:rata performs seasonal inshore-offshore 
migrations. 

Substrate.. In the studied localities the crab occurs in sea-grass (Zostera, 
Cymodocea) beds together with several algal species. In summer it can be found on 
various bottom types. VATOVA (1928) established that it preferes the stony bottom 
covered with algae and avoids soft mud. Being a migratory species it passes various 
types of substrate .. 

Depth.. In the above-mentioned bays where it was collected the depth varied from 
about 1. 5 to 4 metres, also in very shallow water. VATOVA ( 1928) reported the 
species from 10 to 36 metres .. In the Adriatic Sea it was recorded from tidal flats 
down to 190 metres. 

bproduction period. .. PESTA (1918) reported that ovigerous females can be found from 
February to June~ In the present research the ovigerous females were collected from 
the beginning of January to the mid of June. The number of larvae hatching has not 
been established. 

Moulting period. The moulting period was estimated indirectly according to the 
hardness of the exoskeleton. Crabs with soft integument have been recorded from 
November to March, in particular in January, and only once in June. 

Foregut fullness. From 142 specimens which foregut (stomach) was examined, 23 
forequts were empty.. In the remaining 119 specimens the degree of fullness expressed 
in percentages is presented in the following table: 

Percentage of fullness No Percentage of fullness No 
01-10 51- 60 8 
11-20 20 61- 70 11 
21-30 26 71- 80 13 
31-40 13 81- 90 
41-50 91-100 

Thus, the majority of specimens at the time of capture were with a low percentage of 
foregut fullness. 

1'oocS coapo•ition .. The analysis of food types eaten shows that crabs feed on various 
food items. It is noteworthy that the composition of the foregut contents is very 
difficult to identify because ·the content of the foregut is reduced to small 
fragments by the action of mouth parts and gastric mill .. The most frequent component 
of the foregut content a:.;e sand particles (62 times), which in all probability are 
not used directly as a food. From the matter used for food by the crab for the great 
part (58 times) it was impossible to identify the origin. It refers to organic 
remnants including unrecognizable tissue o~ only amorphous particles of plant or 
animal origin. Algae (mostly filamentous green and others) were recorded 47 times. 
Thereafter follow the Crustaceans (mostly Natantia, and rarely also Anomura, 
Ostracoda, Mysidacea and Amphipoda) found 17 times. According to frequency next are 

' higher plants (in particular marine Potamogetonaceae) 14 times, Polychaeta 12 times 
and Bivalvia 11 times. Unrecognizable, very finely destructed organic particles like 
detritus were recorded 11 times4 Finally, the remnants of fishes were found only 
twice. From the mentioned components it is clear that Macropodia rostrata is an 
opportunistic omnivore, which feeds on benthic macroflora and macrofauna, 
predominantly on sessile or slow-moving organisms and only exceptionally on more 
active animals such as Crustaceans. This property is in accordance with its slow 
motion. According to RASMUSSEN ( 1973) the species feeds also on planktonic 
organisms. In the present research it was not possible to identify the remnants of 
holoplanktonic organisms in the stomach~ 
It ·is worthy to note that our results mostly agree with those obtained in other 
areas of distribution (MORI and MANCONI, 1987). 
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B-V6 
Comparative Size Distribution and Feeding Ecology of Polyche/es 

typhlops and Stereomastis sculpta (Decapoda, Polychelidae) in the 
Mediterranean Bathyal Mud Assemblage 

J.-E. CARTES and P. ABELLO 

lnstitut de Ciencies dei.Mar, Passeig Nacional, 08003 Barcelona (Spain) 

?olycheles ~ ijeller, 1862 and Stereomastis ~ CS.!. 
Smith, 1880l, occur in the northwestern Mediterranean as charac
teristic spedies of the slope and bathyal basin CABELLO & VALLA
DARES, 1988l. Santucci ( 1832l stated that ~ tyvhloPs acted as a 
necrofagous species. However, Lagardere (1977l described it as a 
preda"t•)r of bathypelagi.c crustaceans in the Bay of Biscay. The 
same author, from the foregut contents analysis of a few 
individuals , suppose..:l. that the diet of ~ sculpta must be close 
to that of~ typhlops. 

Three different kinds of bottom trawls were used: commercial 
~emersal trawl nets equipped With a 6 mm mesh size codend, -
modified Agassiz trawl, and a Marinovich J6ep-water bot~om 
trawls. Codend mesh size was of 6· mm in all the different fishing 
sear used. 

A total of '1869 individuals of S. sculpta and 736 of ~ ty'PhloPs 
~ere studied. Sex, size (carapace length) and occurrence of 
oviger0us females were noted in every saEple taken. Foregut 
contents of 168 ~ typhlops (127 from the upper slope and ~1 frOm 
;:,e lcwer slo:pe l, and 153 ~ sculpta fror.: the bathyal basin u,;:-e 
analysed. Prey itam were identified to the lowest possib!e 
taxonon1c level. Foregut con~~nts were quantifie~: occurrenc~ ~~d 
relative abundance of preys uere calculated. 

The s:.z~ 1,:,.nge of Polych~las typhlops and St~r~c·:r~.:~.s.tis s.::•-~l:.::-:~1. 

·~as v2ry similar. Size ranges of ma!es an~ females ~ere very 
:...;i:·,;il&!' in ~ scul0ta. whereras in P. t.vuhlo?s males are clearly 
sma:ler than £~males. 

Sizr:-::: of £...:.... typh1ons showed a zeneral t.ende!icy -:o decrease !Ji-th 
incre~~~ng dept}l. Ovigerous females were Eore abundant in The 
upper ~~s~ribution levels of the species. ~~cr~i~U?Dt appare~~ly 
~akes p!6cs at the deepest levels of the species distribution 
range, wh~~e alruost exclusively only juvenile individuals are 
found. This ~endency shows an inverse pattern to that of 503t 
:ittQra? ~nJ 2l~al!o~ ~a~er decapods, in which recruitment uzually 
takas p:&ce in shallower waters. 

G._ sc•.tlpta did not O.i'pa.rently show any clear tendency in its size 
distrib~tio~ in r~!~t;on to depth. The largest 1ndiv1duals an~ 
the oViJerou~ fema:~s 0ccurred mainly bet~een 1900-2200 m. 

The diet of the tuo species of Polychelidae s~udied !s ~ainly 

based on the capture of small epibenthic peracarid crua~aceans 
and other preys such as polycbaetes and small decapods 
C~ioni.ka. acanthono•'!!:.· Pontophilus norvegicus): Scav.engi.ng i_s_ 
alHo important. Thus, ~~ c~n ~Ind r~mL~~~ of large decap~d 

crus>ac;ean.<;; ( y i steu~ ~.!1 . ..!9n ni0Jl~l. .:cphal O}>O<h> ( Hist ioteuth is l o·~ 
·fish. Batbypelag·ic - :.::c;\s'ciicezm;.; Ceuphausiids,- Pasiphae.:;._, 
Sergesti.dael, b;tsis of their cl.ie·~ according to Lagard.~r,e < 18TI) 
seem to have only a se~sona 1 im~0~tance, and are restr~cted ~o 
the upper slope CS00-700 ml. 

In the upper slope, burrowing crustaceans ICalocaris macandrea~ 

and Alpheus glaberl are alzo itnportint in the die·t and constitute 
about 20 ~~ of the diet. The-y disappear in deeper areas. Detritus 
of pelagic or:i.gin, such as pteropod remains (£l.i2_ pyramidata, 
Cavolinial and globular foraminifer~ns (Globorotalia, Orbulina, 
Globigerinoidesl also constitute an importan• part of the diet in 
areas deeper than 1000 m in the tuo species studied. 
Foraminiferans , not quantified as relative abundance values in 
this study, occur more frequently in areas deeper than 1000 ru (40 
% in ~ typhlops and 60~; in ~ sculptal, whereas in the upper 
slope their occurrence shows very small values (5 % in ~ 
typh lops l. 

P. typhtops (600-700 m) P. typhtops (1000-1200 m) S. scutpta (1700- 2200 m) 

OT OS NO 

PT 

- Comparative diets of Polychelidae. RD: Reptantia decapods; ND: 
Natantia decapods; p: Polychaetes; OT: Others; Q: Osteychthyes; 
PT: pteropods; PC: Peracarid crustaceans 
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Contribution to the knowledge of the accompaning fauna of Aristeus 
antennatus (Risso, 1816) on the bathyal bottoms in the S.E. of Spain 

P. MARTINEZ BANO" , F. VIZUETE" , J. MAS"" and F. FARAGO" 

·consejeria de Agricultura, Ganaderia y Pesca de Ia Region de Murcia. Servicio de Pesca y Acuicultura, Plaza 
San Francisco, 1-1". 30201-Cartegena. Murcia (Espana) 

'Institute Espanol de Oceanografia. Aptdo. Correos n•22. 30740- San Pedro del Pinatar. Murcia (Espana) 

On the epibathyal and mesobathyal bottoms of the continental talus 
of the S.E. of Spain, there are some fishing areas relatively abounding in Aris
teus antennatus (Risso, 1816). Some samplings of the captures of A. antennatiJS 
have been achieved from 1 ~ 987 in these areas subjected to fishing exploitation, 
noting down the accompaning species Which came up during the different trawling. 

Later some experimental fisheries have been carried out in the same 
areas, with the usual mesh used in this fishery, joining firmly at the cod-end 
another thicker net, separating and identifying the different species. This has 
allowed to work out some faunistic lists indicating the abundance of each species. 

The relations between A. antennatus and its possible predators and 
preys have been studied in several areas of the western Mediterranean: in the Li
guarian Sea, RELINI ORSI AND WURTZ (1.977), RELINI AND ORSI RELINI (1987) and in 
the Catalan Coast CARTES AND SARDA ( 1989). 

The first resultS obtained in the Spanish South-east are shown in 
this work, pointing out that in all the sampling areas the main species which 
show up on the thicker net are the following: Symphurus ligu1atus and Symphurus 
nigrescens which mean between 5,5-9,5 em., with a maximum of 6,5 em. (28%). Seve
ral species of Mictophidae show up also, although in a slight proportion. The 
main crustaceans dominating are: Pasiphaea sivado, depending on the area it 
varies between 1,6% and 12% of the whole capture, being the cephalothorax length 
(Lc) of 9 and 21 mm. classes and a maximum of 15% in individuals of Lc= 19 mm., 
there are also some egged-females (Lc:::: 18 mm.) and Plesionika heterocarpus. 

On the cod-end the main predators are: Scyliorhinus canicula and 
Galeus melastomus, the former was very abundant in the sampling area of less 
depth (275-400 mts.) representing 24% of the whole capture, the latter has a stea 
dier presence, the size has a wide range 10,5-61,5 em., the higher percentages 
are in 13 and 14 em. (17%). 

Among the species of fishing interest A. antennatus stands out, its 
abundance in all the case·s was over 50% of the whole Capture of commercial spe 
cies. Among the fish Micromesistius· poutassou is very abundant in the epibathyal 
area, the capt'ured individuals are of 7-37 em., a1 though more than 50% of the 
whole of the sampling ones are between 16,5-19,5 em. classes. On the mesobathyal 
bottoms Phycis blennoides has a steady presence, its capture has varied being 
sometimes 12%,, these individuals fluctuate between 11-41 em., corresponding those 
with a higher size to the deep areas (650 mts.), 52% of the sampling individuals 
are between 14-16,5 em •• Another characteristic species is Helicolenus dactylop
terus, being 85% of the examined individuals between 9,5-16,5 em., corresponding 
the higher percentages (9,3%) to a whole length equal to 10,5 em. 

In this Table we show some species captured in the fishing areas 
of~~: 

Fam. Macrouridae 

- Coelorhynchus coe1orhynchus (Risso, 1810) 
- Nezumia sclerorhynchus (Valenciennes, 1838) 
- Trachyrhynchus trachyrhynchus (Risso, 1810) 

Fam. Squal idae 
- Et m opterus spin ax { Linnaeus, 1758) 

Fam. Scyliorhinidae 
- Galeus melastomus (Rafinesque, 1810) 
- S'C'Y'IT'Orhinus canicula (Linnaeus, 1758} 

Fam. Congridae 
- Conger conger {Linnaeus, 1758) 

Fam. Gadidae 
- Micromesistius poutassou {Risso, 1826) 
- Phycis blennoides (BrUnich, 1768) 
- ~g~okynodon (Ko1ombatovic, 1894) 

Fam. Stomi idae 
- Stomias boa (Risso, 1810) 

Fam. Alepocephalidae 
- Alepocephalus rostratus (Risso, 1820) 

Fam. Trachichthyidae 
- Hoplostethus medi terraneus ( Cuvier, 1829) 

CRUSTACEANS 
am. Pandalidae 

- Plesionika martia (A. Milne Edwards, 1883) 
- Plesionika edwardsii (Brant, 1851) 
- Plesionika gigliolii (Senna, 1903) 

Fam. Polychelidae 
- Polycheles typhlops Heller, 1862 

Fam~ Xanthidae 
- Geryon longipes A~ Milne Edwards, 1881 

Fam. Homolidae 
- Paramola cuvieri (Risso, 1816) 
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B-V8 
Annual Luminosity Cycle as a forecast factor in the Deep Prawn 

Fishery Aristeus antennatus (Risso, 1816) from the Catalan Area 

R. TOBAR and F. SARDA 

lnstituto Cielicias del Mar. p• Nacional sin. 08003 Barcelona (Spain) 

INTRODUCTION 

In order to analyse the prawn school movements and the 
efficiency of their captures, the authors set up the possibility 
of considering light factor (directly or undirectly) as the 
responsible variable of species activity in relation to its 
catchability. These aspects have been scarcely studied in 
crustaceans. Only few references on Norway lobster are available. 

The present work tries to relate the CPUE with a specific 
brightness threshold in terms of wich a seasonal model of 
capture-depth is established. 

MATERIAL AND METHODS 

The fishery data came from the daily captures of trawler 
that supplied: haul situation, yield (K/h), depth, starting
time and duration of haul. The schedule . of the captures were 
always considered with respect to the official sunrise time (GPM) 
during the whole year. The calculus of a light factor (Lf) was 
prc;>ceeded, estimating it proportional to the light which 
theoreticaly reaches the bottom, by the following equation: Lf 
= Lo exp. (-k.m) 
where Lo, is the subsuperficial light factor obtained from the 
solar declination and the refraction index ( 1. 33 for the 
Mediterranean). k, is the extinction coeffecient of the light 
in water (0.026 for the Mediterranean) and m, is the depth in 
meters. 

The light factor was calculated for each day of the year 
and each depth of capture from an annual table which considers 
sunrise time prepared for the latitude and longitude of the 
studied area. From this table different relationships were 
analysed jointly: maximum yields with haul time, depth, 
brightness intensity and effect of official time shift during 
the spring. 

RESULTS 

The existence of an optimum schedule for maximum yields can 
be deduced from the relationship between the mean CPUE and the 
difference of the haul time with respect to the sunrise and 
:<;enith. This maximum was situated between zero and two hours 
after sunrise and decreases as we move towards midday. 

As the year goes on the brightness. intensity increases and 
the hauls take place with higher superficial ll.gnt for the same 
schedule, noticing an increase in the earlier yields. This was 
confirmed when the spring time shift occurs (last Sunday in 
March) which brings fowards one hour for fishing activity. In 
consequence when brightness conditions change, a significant 
difference between the mean captures fished before and after time 
shift are noticed. 

The relationship between the haul depth and the time of 
first capture presents a high correlation. As the difference 
between the haul time and the sunrise increase, the depth of the 
first haul also increases. Major captures correspond to very low 
brightness values and take place during the first trawls of the 
day (captures bigger than 15 Kgjh do not exceed a l.E-6 light 
factor). Meanwhile for the second haul of the day this magnitude 
triplicates its value and the corresponding yield is much lower. 

CONCLUSIONS 

.- In the prawn fishery from the Catalan Mediterranean a 
maximum CPUE schedule exists during the first two hours after 
sunrise. 

• - This can be corroborated when the official time shift 
occurs during spring, noticing a significant difference between 
the captures obtained before and after this shift 

- We can deduce that an optimum brightness threshold exists 
which influences the prawn • s catchability. 

- To maintain this threshold as the solar intensity varies 
whith the seasonal inclination, a change of the haul depth is 
needed with an annual cycle. 

- From the preceding concepts it can be concluded that a 
good regulation measure can derive from displacing the fishing 
schedule only one hour, avoiding the maximum catchability time. 
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Donnees sur l'activite trophique et gonadique de Paracentrotus 

lividus (lamarck) dans le Golfe de Tunis 

Feriel SELLEM, Fredj KART AS at Jeanne ZAOUAU 

Laboratoire de Biologie at d'Ecologie littorale, Faculte des Sciences de Tunis· 1060 (Tunisia) 

La methode quantitative Ia plus generalement utilises pour apprecier l'intensite de 
l'alimentation et les modalites de Ia reproduction de l'oursin Paracentrotus ljyjdqs consiste a 
analyser les variations temporelles de l'indice de repletion IR et celles de l'indice gonadique IG; 
le premier etant defini comme le rapport du poids du tube digestif sur le diametre du test au 
cube, le deuxieme etant egal au rapport du poids de Ia gonade sur le diametre du test au cube. 

Deux stations du secteur sud-est du golfe de Tunis ont ete prospectees; celle de Port Prince 
occupe un substrat dur couvert d'algues encroOtantes et profond de 4m, celle de Sidi Rai"s 
correspond a un herbier clairseme de posidonia situe a 6m de profondeur et a 150m du bord de 
Ia plage. 

Des prelevements mensuels, composes chacun de 40 a 90 individus de diametre compris 
entre 30 et 60 mm, ont ete effectues dans les deux stations durant une annes {1988·1989), 
entre 11h et 13h. Le diametre du test a ete mesure, sans les piquants, au 1/10mm, a l'aide d'un 
pied a coulisse. Le poids sec du tube digestif et de Ia gonade pris en compte est celui obtenu apres 
un sejour de 24h de ces organes dans une etuve a 90°C. La temperature superficielle de l'eau a 
ete notee a chaque prelevement. 

L'examen de Ia figure ci-dessous ilh,1strant les resultats obtenus suggere les constatations 
suivantes: 

S'agissant de l'indice de repletion, il presente dans les deux stations de grandes similitudes 
que nous resumons comma suit: 
- Une m~me grande amplitude de variation annuelle. Estimee a 7 a Port Prince, elle est 
comprise entre un minimum de 2,7 enregistre en aoOt et un maximum de 9,7 en fevrier. Elle 
est legerement plus elevee a Sidi Rais (8,8) et oscille entre un minimum de 3,5 en aoOt et un 
maximum de 12,3 en janvier. 
- Une 6volution synchrone en fonction du temps, avec une periode de grand accroissement de IR 
allan! d'aoOt a fevrier a Port Prince et d'aoOt a janvier a Sidi Rai"s et, une periode de regression 
s'etalant de fevrier a aoOt a Port Prince et de janvier a aoOt a Sidi Rais. 
- Une m~me relation inverse entre !'evolution annuelle de IR et celle de Ia temperature; au 
maximum de l'indice de repletion correspond un minimum de temperature et vice versa. 
Toutes ces observations mettent en evidence chez les deux populations d'oursins une phase 
d'activite trophique intense en hiver-printemps et une autre beaucoup plus reduite en 
ete·automne. 
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Evolution des indices de n§pletion (IR) et gonadique (IG) moyens 
mensuels de Paracentrotus lividus en fonction de Ia temperature (PC) 
a Port Prince (A) et a Sidi Rai's (B). 

11 .,n est autrement de l'indice gonadique dont les variations dans les deux stations different 
aussi bien par l'ampleur que par le deroulement du cycle. En effet, !'amplitude de variation 
annuelle de IG atteint a Port Prince Ia valeur de 3,2 et varie entre 1 ,1 en juin et 4,3 en 
janvier; elle est par contre, presque deux lois moins importante a Sidi Rars (1 ,8} avec des 
valeurs extr~mes de 1,0 en tevrier et 2,8 en mai. Ainsi, Ia population de Port Prince manifeste 
une activite gonadique nettement plus grande que celle de Sidi RaTs. 

Quant aux variations annuelles de IG, elles son! completement opposees dans les deux 
stations. A Port Prince, repoque de grande maturation des gonades a lieu en novembre, decembre 
et janvier; remission principals des produits sexuels est rapide et s'effectue en fevrier, elle est 

. suivie d'autres emissions secondaires en avril et juin. A Sidi RaTs, le grand accroissement des 
gonades se produit de mars a juin. La ponte principale semble plus progressive et plus etah~e 
dans le temps. Elle se declenche en juin et se poursuit jusqu'en aoOt; d'autres pontes de moindrE 
importance s'effectuent en octobre, decembre et fevrier. 

Entin, contrairement a ce qu'on observe chez Ia population de Sidi Rai"s, celle de Pori 
Prince se caracterise par une evolution annuelle presque parallele des indices IG et IR. 
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Donnees preliminaires sur Ia Population de Paracentrotus lividus de 

l'Etang d'Urbinu (Corse) 

Catherine FERNANDEZ et Angela CALTAGIRONE 

L.B.M.E.B., Faculte des Sciences de Luminy, 13288 Marseille Cedex 9 (France) 

L'etang d'Urbinu se situe en Corse en bordure delaplaine orientale de l'ile, entre Aleria et Ghisonaccia, 
a 7 km de !'embouchure du Tavignanu. II a une superficie de 750 ha. Sa forme est presque circulaire, le 
diametre varie entre 2,5 et 4 km. II est separe en deux par une presqu'ile importante : "Isula Lunga". Les 
appons d'eau douce se font sunout sur le cote nord-ouest de l'etang par de tres courts ruisseaux (DE 
CASABlANCA, 1966). La profondeur maxirnale est de 9 m au centre de l'etang. La temperature subit au 
cours de.1'annee de fones fluctuations: elle peut varier de 6 a 33·c (COEURD'ACIER, 1987). Les fonds 
sont constitues de vase, de sable, de sediments terrigenes ou coquilliers. 

Neuf stations ont ete etudiees, en Juin 1989. Dans chacune d'elles, nous avons etudie les populations de 
Paracentrotus lividus (Lamarck) en effectuant des mesures de densit6 le long de Ia cote. Celles-ci sont 
faites a !'aide d'un quadrat, de 1m de cote, jere dix fois au hasard lors de nos trajets ; des diametres 
d'oursins sont egalement mesures, a I' ambitus, sans les radioles, grace a un pied a coulisse (Tab I). 

Tab I : Densiu! (nombre d'individustm2) et taille (diameue du test lll'ambitus, sans les piquanlS) des Paracentrotus lividus, 
dans les difftrentes stations ttudites. La densiu! moyenne est !a moyenne des dix densites obsezvtes dans chaque statioo ; Ia 
densiu! minimale est Ia plus petite densiu! observte dans chaque station ; Ia densiu! maximale est Ia plus grande densiu! 
observte dans chaque station. 

Stations Oensite minimum Denslte maximum Oenslte moyenne Tallies observees 
etudlees (lndlm•) (lnd/m2) (lndlm•) (em) 

A 5 10 7 3.o a 4.o 
B 5 20 10 2.5 a 4.0 
c 10 35 20 1.5 a3.5 
0 0 5 3 1.5 a 2.5 
E 20 30 28 1.s a 2.5 
F 25 30 28 1.534.0 
G 0 2 0.2 4.o a 4.2 
H 60 100 80 1.034.6 
I 0 0 0 -

II existe bien une population de P. lividus infeooee a l'etang d'Urbinu ; celle-ci peut etre tres importante. 
La particularit6 de cette population est d'etre de petite taille (taille maximale observee 4.6 em). Le 
nanisme de P. lividus a egalement ere signale dans l'etang de Thau (SAN MARTIN, 1986) et dans l'etang 
de Berre (PICARD et LE ROCH, 1949) ; selon ces derniers auteurs, cela serait du aux conditions de 
milieu plus changeantes qu'en mer ouverre. Nous remarquons que, dans les stations E et H, la majorit6 
des individus sont de petite taille (1 a 2 em de diametre), ce qui: nous permet de considtrer ces stations 
comme des nurseries. 

Dans l'etang d'Urbinu, on observe les oursins dans differents biotopes: 

(i) Au bord des plages; l'abondance de P.lividus pourrait etre due au fait qu'ils y mangeraient les epaves 
de !a phanerogame marine Cymodocea nodosa (Ucria) Ascherson provenant de l'herbier. 

(ii) A !a limite des herbiers a Cymodocea nodosa ou dans les herbiers peu denses ; deux explications sont 
possibles : soit les oursins restent a !a limite de l'herbier car celui-ci consomme beaucoup d'oxygene 
durant la nuit, ce qui empecherait les oursins de vivre a l'interieur de l 'herbier dense ; soit les oursins 
constitueraient un front qui avancerait et dttrulrait l'herbier au fur et a mesure. 

(iii) Sur le fond sablo-vaseux ; les oursins sont poses sur le fond soit isolement, soit regroupes auteur des 
epaves (bois, bouteilles, cailloux) et sont recouvens de coquilles de bivalves; ils se component alors 
comme des racleurs. 

(iv) Sur les galets ; les oursins sont sur ou autour des galets et raclent la fme pellicule organique qulles 
recouvre. 

(v) Surles tables conchylicoles; !res peu d'oursins ont ere observes dans ce biotope; cela est dO au fait 
que les cordes conchylicoles de l'etang d'Urbinu sont tres pauvres en macrophytes, contrairement a 
l'etang de Thau ou celles-ci sont tres riches en algues (GERBAL, 1985; SAN MARTIN, 1986). 

Dans chaque type d'habitat, nous avons preleve et disseque 5 a 10 oursins. On constate en observant les 
gonades, que les oursins vivant au bord des herbiers ou sur les galets, possedent des gonades tres 
dtveloppees. Par contre, les oursins vivant sur les fonds sablo-vaseux ont des gonades tres peu 
dtveloppees ou non apparentes. TRAER (1980) a montre que Cymodocea nodosa est une espece tres 
apprtciee par P.lividus, et le bon dtveloppement des gonades des oursins qui s'en nourrissent en est sans 
doute Ia cause. 

Cette etude montre que l'etang d'Urbinu btberge une imponante population naturelle de P. lividus, ainsi 
que des nurseries et qu'il constitue done un site favorable pour d'eventuelles experiences d'echinoculture. 
Cette etude preliminaire doit toutefois etre approfondie ; notarnment par une etude de Ia structure 
demographique, de Ia vitesse de croissance et par un .suivi des populations tout au long d'un cycle annuel. 
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B-VII 
Croissance de l'Oursin Paracentrotus lividus en fonction de l'Aigue 

consommee 

Angela CALTAGIRONE•, Charles F. BOUDOURESQUE• et Michele KNOEPFFLER·PEGUY .. 

•L.B.M.E.B., Faculte des Sciences de Luminy, 13288 Marseille Cedex 9 (France) 
.. Laboratoire Arago, 66650 Banyuls-sur-Mer (France) 

Pour quantifier la croissance des echinoides, plusieurs methodes ont ete utilisees : analyse des stries 
d'accroissement des plaques coronales (AZZOLINA, 1988) ; quantification in situ en enclos (REGIS, 
1978; AZZOLINA, 1988) ; elevage-en aquarium (MilLIGAN, 1916 ; REGIS, 1978 ; CELLARIO et 
FENAUX, 1987 ; LE GALL, 1987). Les donnees sur la croissance in situ de Paracentrotus lividus 
(Lamarck) sont rares et peu concordantes. En Irlande, CRAPP et WILLIS (1975) donnent un age de 4 ans 
environ pour des individus de taille commerciale (35-50 mm de diametre). ALLAIN (1978) obtient des 
resultats comparables en Bretagne. REGIS (1978) observe une croissance beaucoup plus lente a Marseille 
; un individu de 42 mm de diametre aurait un age minimum de 11 ails. Selon AZZOLINA (1988) les 
individus de 40 mm de diametre sont ages de 4 ans tandis que les individus de 50 mm ont pres de 7 ans. 
En aquarium, LE GALL (1987) arrive en 2 ans seulement ala taille commerciale (40 mm). La croissance 
des oursins est conditionnee par differents facteurs biotiques (espece consommee, quantit6 disponible) et 
abiotiques (temperature, salinite) (AZWLINA,l988). 

Dans Ia prtsente etude, on a voulu tester le taux de croissance du test (diametre a !'ambitus sans les 
piquants), pendant une periode de 18 mois (de Juin 1988 a Janvier 1990), de deux lots de P.lividus cleves 
en aquarium, en fonction de l'algue consommee. Les deux algues testees sont Cystoseira mediterranea 
Sauvageau et Gelidium larifolium Bornet et Thuret, !a premiere etant une algue preferee (RICO, 1989) Ia 
deuxieme une a!gue evitte (ODILE, 1988). L'etude s'est dtroulee a Banyuls-sur-Mer (Pyrenees
Orientales, France). Deux lots d'oursins, ramasses entre 0.5 et 3m de profondeur, sont places dans des 
aquariums alimentes en eau de mer en circuit ouven. Une grille en plastique est placee a 2-3 em du 
fond, afin d'emp&her les individus de reingerer leurs faeces. Les algues sont fournies en quantite non 
limitante tout au long de !'experience. La mesure du diametre du test est faite a !'aide d'un pied a 
coulisse. 

L'analyse des deux courbes de croissance (Fig.!) montre que: 
(i) Dans les deux cas, on observe une croissance, mais elle est plus importante pour les oursins nourris 
avec C. mediterranea. Ce resultat confirme que !'absorption d'especes preferees permet, chez les 
echinoides herbivores, un taux de croissance somatique plus eleve (FUll, 1967; VADAS, 1977). 
(ii) Dans les deux cas, la croissance est importante au cours des 6 a 8 premiers mois d'elevage : a partir 
d'une taille initiale de 19 mm, on arrive a une taille moyenne de 26 mm pour des oursins nourris avec G. 
larifolium et de 31 mm pour des oursins nourris avec C. mediterranea. A partir du 12eme mois, 
l'accroissement du diametre du test n'augmente plus significativement ; des resultats identiques ont etC 
obtenus par CR,APP et WILLIS (1975). 
(iii) Contrairement ace qu'observe AZZOLINA (1988) in situ, !a croissance de P. lividus ne semble pas 
etre soumise a d'importantes variations saisonnieres dans les conditions d'elevage realisees. 

. Une monalite massive a eu lieu en aoilt 1989; celle-ci est probablement due a des temperatures trop 
elevees (24.C). Le pourcentage de survie apres les 18 mois d'experimentation est de 53% pour les oursins 
nourris avec G. latifolium et de 89% avec C. mediterranea. II semblerait done que des pursins nourris 
avec G.latifolium (espece evitee) soient moins resistal!tS que ceux nourris avec C. meditertanea. 
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Fig. I. Courbes de croissance de Paracentrotus llvidus nourris avec Gelidium /atifolium ( ) et Cystoselra medlterranea ( 

Les points representent les donntes exptrimenlales et les tcarts-types ant eu! represenu!s par les trailS verticaux. D = diametre 

A !'ambitus (en mm). 
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B-V12 

Comportement de Paracentrotus lividus : quelques exemples de budget 
temps 

Valerie RICO' , Angela CALTAGIRONE' et Catherine FERNANDEz•• 

'l.B.M.E.B., Faculta des Sciences de luminy, 13288 Marseille Cadex 9 (France) 

Paracentrotus lividus (Lamarck) joue un role fondamental dans Ia structure et Ie fonctionnement de deux 
ecosystemes infralittoraux ": l'herbier a Posidonia oceanica (Linnaeus) Delle et les peuplements 
photophiles de substrat dur. Bien qu'il soit potentiellement omnivore, son regime est essentiellement 
vegetarien (Muntz eta/., 1965; Gamble, 1966; Powis de Tenbossche, 1978; Traer, 1979; Kirkmann & 
Young, 1981; Nedelec, 1982; Verlaque, 1987). 

Nous avons suivi en continu (observations directes : les 17 et 18 Mai, de 18:00 a 18:00 heure et le 29 
Mai, de 7:00 a 18:00 heure), trois parametres comportementaux (action d'alimentation ou sortie des 
dents, deplacement, mouvements des radioles) afm de verifier Ia presence de cycles comportementaux 
(de periode pluri-horaire ou pluri-journaliere). En ce qui conceme !'alimentation, Ia prise en compte de 
tels cycles est essentielle lors du calcul des rations alimentalres journalieres. 

Cette etude s'est deroulee a Banyuls-sur-Mer (Pyrenees-Orientales, Fiance). Les individus de P.lividus, 
ainsi que les vegetaux (feuilles agees de Posidonia oceanica, Codium vermi/ara, Cystoseira 
mediterranea) sont recoltes entre 0 et 3 metres de profondeur. Les individus (50mm < diametre < 54mm) 
sont places dans des aquariums (2 individus marques par aquarium) alimentes en eau de mer en cin:uit 
ouvert (16"C <t' eau mer< 19'C). Une grille en plastique est placee a 2-3 em du fond, afin d'empecher les 
individ11s de reingerer leurs faeces. Les aquariums sont &:!aires par Ia lumiere exterieure ainsi que par des 
neons, allumes de 8:00 a 22:00 heure (heure legale). Les individus jeilnent au prealable pendant six jours 
(afin de synchroniser les eventuels cycles d'alimentation et de jeiine). 

Ces observations ont permis de preciser !a frequence et Ia duree des phases de deplacement durant 24 
heures et au cours d'une journee (7:00 a 18:00 heure); 8 individus au total ont ere suivis. Les phases de 
deplacement sont en general nombreuses et relativement courtes : en moyenne 13 phases en 24 heures, 
d'une duree moyenne de 21 minutes. ll n'y a pas de difference entre les individus confrontes a Posidonia 
oceanica (14 phases d'une duree moyenne de 23 minutes, sur 24 heures) et ceux confrontes a Codium 
vennilara (12 phases d'une duree moyenne de 25 minutes, sur 24 heures). Les deplacements ne semblent 
done pas etre en relation avec les preferences alimentaires. 

D'une fa9on generale, lorsque les individus s'alimentent, ils ne se deplacent pas et ne bougent pas ou ~s 
peu leurs radioles. Les observations nous ont permis de voir que Ies phases d'alimentation, au cours d'un 
cycle de 24 heures, etaient tres differentes d'un aquarium a !'autre. En effet, 1es individus alimentes avec 
Codiwn vennilara mangent tres peu (en moyenne : 3 phases d'alimentation pendant 24 hcures, d'une 
duree moyenne de 30 minutes) alors que les individus alimentes avec Ies feuilles de Posidonia oceanica 
presentent, en moyenne 12 phases en 24 heures, d'une duree moyenne de 47 minutes. Pour ces derniers, 
les phases d'alimentation peuvent durer jusqu'a 4 heures sans interruption. Les periodes d'alimentation 
sont egalement reparties entre Ia nuit et le jour. 

Les individus ont souvent les dents protrudees meme s'ils ne s'alimentent pas. Cela est peut-8tre dfl au 
fait que, chez P. lividus, Ia croissance continue et rapide des dents (1 mm a 1.5 mm par semaine :Markel, 
1969) le contraint a un broutage presque incessant pour les user (Verlaque, 1987). Nous remarauons 
egalement que les phases oil P. lividus a les dents protrudees ne precedent pas obligatoirement une phase 
d'alimentation. 

Les individus ont souvent Ies radioles en mouvement; les periodes de repos sont mres. lls sont capables 
de bouger leurs radioles a des vitesses variables, qu'ils soient inunobiles ou en deplacement. Dans ce 
demier cas, le mouvement des radioles est toujours rapide. Les phases durant lesquelles Ies individus 
bougent leurs radioles (lentement ou rapidement) sont, en moyenne peu nombreuses, mais de duree 
relativement longue : 10.5 phases, sur 24 heures, d'une duree moyenne de 90 minutes. n y a peu de 
difference entre les individus conf;ontes a Posidonia oceanica (10.5 phases d'une duree moyenne de 106 
minutes) et ceux confrontes a Codiwn vermilara (11.5 phases d'une duree moyennc de 70 minutes). 
Toutefois, pour les individus confrontes a Posidonia oceanica, les phases sont significativement plus 
longues. Regis (1978) emet !'hypothese que le mouvement des radioles chez des individus inunobiles 
pourrait etre lie a !a capture de particules en suspension dans l' eau. Dans ce cas, nous pourrions penscr 
que les individus confrontes a une espece "fortement evitee" (Codiwn vermilara) auraient davantagc 
bouge leurs radioles que ceux confrontes a une espece "fortement preferee" (Cystoseira mediterranea). 
Ce n'est pas le cas dans les experiences que nous avons realisees. 

Le suivi en continu de trois parametres comportementaux met en evidence de tres nombreux (58 en 
moyenne) changements d'activite au cours d'un cycle de 24 heures. A !'exception du mouvement des 
radioles, presque toujours rapide lors des phases de deplacement, il n'apparait pas de relation entre les 
differents parametres. En particulier, le mouvement des dents ne precede pas forcement des phases 
d'alimentation, et le mouvement des radioles (que nous pensions lie au filtrage, activite alternative a Ia 
consommation d'aliments figures) n'est pas lie au degre de preference pour l'algue proposee. 
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B-V13 
Additions to Holothuroidea of the Adriatic Sea 

Dusan ZAVODNIK 

"Ruder Boskovic" Institute, Center for Marine Research, 5221 0 Rovinj (Yugoslavia) 

In the Adriatic Sea, in the frame of a number of research programs, several 
holothurians were collected which previously were seldom recorded, or were even not 

~~~n:2i~r:~: :~e:~ ~~~e~a~;:~~~ was sampled by SCUBA diving, by means of a Van Veen 

Holot;huria helleri Marenzeller, 1878, has not been noted in the Adriatic sea in 
the past hundred years, except for a specimen noticed by Tortonese ( 1965) in the 
Venice lagoon~ Only recently 5 specimens, 16-32 mm long, were collected among algae 
at a 1-2 m depth in the area of the Istrian Peninsula, Losinj Island, and at the 
Kornati Archipelago (Fig. l) • 

• Holothur1s hellerl 

Q Holothuria sanctori 

A Thyone Sladeana 

ti Pbyllophorus .,i'ranulatus 

D Phyllophorus urna 

Fig. 1. Recent findings of some holothurians in the Adriatic Sea. 

Holothuria sanctori Delle Chiaje, 1823, was noted in the area for the first 
time only a few years ago ( Zavodnik, 1985). Recent information, mostly provided by 
Me. J. Belamaric, widely expanded _its distribution patte_rn (Fig. 1). Specimens were 
noted at 4-15 m depth, usually in hard bottom crevices and under rock projections. 

Thyone gadeana Perrier, 1902, was not previously recorded in the Adriatic Sea. 
In 1987 I sampled 5 specimens, 16-54 mm long, at the Kornati Archipelago in the 
central Adriatic. Collections were made at four stations, on silty sediment, at 82-
105 m depth. The ossicles and calcareous ring corresponded to the description of 
Reys ( 1959). 

Phyllophorus granulatus (Grube, 1840) is also a new species for the area. One 
SO mm long specimen was captured on grey mud by Mr. A. Simunovic on 8 December 1984 
at a "Pipeta" station Hl (42°00'11 .. N, 15°05'20 .. E), at a 22 m depth. The ossicles 
were in accordance with those figured by Koehler ( 1927), Heding & Panning ( 1954), 
and Cherbonnier & Guille ( 1971). Most tables have beeb modified, carrying a low 
multi-columnal spire, dome- or cone-shaped, a finely and irregularly perfor_ated 
disc. 

Phyllophorus urna Grube, 1840. Recent findings (Fig. 1) of this well-known but 
rarely· noted species (Mayer, 1937) reinforce the supposition that in the Adriatic 
Sea it is most frequent in the shallow north-eastern part of the basin. 

Consequently, the present information increased the number of Adriatic 
holothurian species to 36, which is 73% of the Holothuroidea listed in the 
Mediterranean (Tortonese, 1980). 
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Carbon Fractionation and Balance in the Coastal Water of Alexandria 

Region 

A.·R. ABDEL·MOATI, T.·A. ABOUL-KASSIM, N.·M. DOWIDAR and F. El-NADY 

Oceanography Department, Faculty of Science, Alexandria University, Moharam Bay, Alexandria (Egypt) 

Carbon is the most important metabolic element in sea water. IT 

occurs in water as a result of precipitation containing increased 

amounts of C0
2 

produced through fuel combustion, C0 2 fixation by aqua

tic plants, from agricultural drainage as organic matter or as major 

ele111ent of waste and sewage discharge. The knowledge of distribution 

of dissolved organic carbon (DOC). and coexisting particulate organic 

carbon·. (POC) is essential for understanding of carbon cycle in sea 

water. The present work is an attempt to assess the relative importance 

of land run-off on different carbon species and its contribution to 

the total carbon budget in a coastal bay off Alexandria falling under 

sewage stress. · 

The study area (2.5 Km 2 ) is a semi-circular shallow bay, surroun

ded by the city, connected to the Mediterranean through two openings. 

The basin is subjected annually to about 35X10
6

m3 of unprocessed sewage 

rendering its flushing rate to be 5 months. 

Regular bimonthly sampling during 1985-1986 indicate elevated 

surface levels of POC reaching 6 mg C/1 coinciding with maximum dis

charge periods as indicated by low salinities. Detrital POC constitutes 

about 28% of POC. Particulate inorganic carbon (PIC) constituted bet

ween 45-49% of tota"l particulate carbon with an average of 4.62 mg/1. 

On the other hand, the DOC values recorded in the coastal water of 

Alexandria (average 13.95 mg/1) reflect the highly eutrophic character

istics of water. The organic forms of carbon thus could be used as 

index for organic pollution derived from sewage discharge. 

Generally the dissolved organic fraction exceeds the inorganic 

by three. The average DOC/POC i.e. 2.4:1 is normal compared with other 

coastal waters. 

The discharged sewage not only affect the carbon in water but 

raised carbon-sediment levels to 9.11% at areas directly affected 

by discharge. 

The outstanding features of the carbon balance (Figure 1) are: 

·1. About 325 tons of organic carbon reaches the bay annually through 

land sources; 70% of which are in particulate form. 

448 T/Y 

s391N'\. 

Figure l. Schematic diagram of carbon input to the Eastern Harbour. 

2. The bay receives 639 tons/y of inorganic carbon of which the parti

culate fraction forms only 30%. 

3. About 15% of POC influx existed in the water column as living (74%) 

while about 37% of PIC influx is retained in suspension. 

4. 85% of the inflowing DOC exists in the water column. The equilibrium 

shift of POC~DOC towards DOC may substitute the loss in DOC during 

oxidation processes. 

5. About 8.88 X 103 tons car;,on are fixed annually by phytoplankton. 

Atmospheric co
2 

input 4.4 X 103 tons/y could substitute a significant 

part of this uptake rate. 

6. The short residence time of the bay water (5 months) leads to a 

mismatch between the inflowing carbon and that actual.ly present in 

the bay as well as a considerable differences in the proportionality 

of different carbon species. 
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Land Run-Off as a Source of Nitrogen in the Marine Coastal 

Environment of Alexandria 

F.-E. EL-NADY, T.·A. ABOUL-KASSIM, N.-M. DOWIDAR and A.-R. ABDEL-MQATI 

Oceanography Department, Faculty of Science, Alexandria University, Moharam Bay. Alexandria (Egypt) 

INTRODUCTION: Nitrogen is one of the ·biologically important elements 
in the aquatic habitats. In addition to dissolved molecular nitrogen , 
sea water contains low , but extremely important , concentrations of 
inorganic and organic nitrogen. The present work deals with the conc
entrations of the different nitrogen species as well as their cont;rib
ution to the total nitrogen budget in one of the most polluted basins 
off Alexandria, the Eastern Harbour (B.H). 

MATERIAL AND METHODS: During the period 1985-1986,sampling was carried 
out at regular bimonthly intervals in a semi-closed bay, connected to 
the Mediterranean through two openings. The basin is subjected to about 
35X106 m3 of unprocessed sewage, rendering its flushing rate to be !I 
months. Nitrate, nitrite and aJDIIIonia were determined according to 
Strickland and Parsons (1972). Total dissolved nitrogen (TDN)and total 
nitrogen (TN) were determined on filtered and unfiltered samples using 
the technique described by Koroleff (1977) and modified by Valderrama 
(1981). Dissolved organic nitrogen (DON) and particulate nitrogen (PN) 
were estimated by calculations. The uptake rate of N03 & NH3 by phyto
plankton of the harbour water was determined using the procedure of 
Bpp 1 ey et a 1 ( 1969) • The flux of nitrogen from the harbour sediments 
was measured following the method of Hargrave and Connolly (1978). 
Organic nitrogen in sediments was determined according to Nieder! and 
Nieder! (1942). 

RESULTS AND DISCUSSION: Nitrate is the final oxidation product of 
nitrogen compounds in sea water. During the study period, its concen
tration in the E.H was comparatively high , the annual averages being 
6.791±4.654 and 4.826±2.964.)lg at/1 for both surface and bottom waters 
,resp,ectively. The nitrite concentrations were much lower than that of 
nitrate (The averages being 0.949 and 0.746.)lg at/1 for both surface & 
bottom waters, respectively). The importance of waste water discharged 
into the harbour as a source of aiDIIIonia was found from the inverse 
correlation between aiDIIIonia and salinity (P<O. 001). In spite of shallo
wness of the B. H., ammonia concentration was relatively high, varying 
between 0.975-11.456 )lg at/1 (at the surface) and 0.480-12.334 )lg at/1 
,near the bottom. The observed correlation (P<0.001) between N03 & N02 
content and its insignificance with aJDIIIonia indicated that nitrate 
reduction rather than ammonia oxidation is a major source of nitrite. 

Dissolved organic nitrogen (DON) was comparatively higher (annual 
average 11.866±6.129 .)lg at/1) than that of DIN (average 10.06±4.864 ug 
at/1). This is probably due to being assimilated by aquatic organisms 
at a much lower rate than inorganic forms or being resistant to 
bacterial attack , remaining in the water or sinking to the bottom 
(Riley and Chester, 1971 ). The correlations between DON with Chl .! 
(P<0.001) and living biomass represented by ATP (P<0.001) , confiriHd 
the important role of living organisms as a source of DON. 

High concentrations of PN occurred in summer, coinciding with the 
periods of maximum sewage discharge and chlorophyll . .! biomass ( About-

Kassim, 1987). The highly significant correlations between PM with POM 
(P<0.001) and salinity (P<O.OOl) are evidences for the role of phytop
lankton and sewage discharge as important sources of PM. 

On the average, most of the nitrogen budget of the B.H (59'1.) was 
in the dissolved from. DON was more abundant,constituting about 54'1. of 
TDN. Nitrate was the most abundant form of DIM forming 55. 7'1., followed 
by ammonia 37.1'1. and nitrite 7.2'1. . The mean atomic ratios of the 
different nitrogen and phosphorus forms, i.e. N03 /DIP,DIN/DIP,DON/DOP 
,TDN/TDP, PN/PP and TN/TP were as follows: 13.62:1, 23.97:1, 24.52:1, 
22.67:1, 11.33:1 and 15.85:1, respectively. 

Within the values given in figure 1 , the total input of all 
nitrogen compounds from land sources,flux from sediments,precipitation 
and nitrogen fixation amounted to 402 Tons/year. This amount exceeds 
that due to uptake, denitrification from bottom sediments and the 
amount present in the harbour environment by 51 Tons/year. 
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Living Biomass in the Highly Eutrophic Coastal Environment of 

Alexandria, Egypt 

T.-A. ABOUL-KASSIM, F.-E. EL-NADY, A.-R. ABDEL-MOATI and N.-M. DOWIDAR 

Oceanography Department, Faculty of Science, Alexandria University, Moharam Bay, Alexandria (Egypt) 

ABSTRACT: During the period 1985-1986,the adenosine triphosphate (ATP) 
method was applied for the first time in EGYPT to assess the living 
biomass and its components (Bacteria, Phytoplankton and Zooplankton) 
in one of the heavily polluted basins off the Egyptian coasts, the 
Eastern Harbour of Alexandria. The ATP levels as well as its spatial 
and seasonal variations were presented to evaluate the impact of 
domestic sewage discharged into the harbour on its water quality. 

AREA OF STUDY: The Eastern Harbour (E.H) of Alexandria is a relatively 
shallow semi-closed basin, sheltered from the sea by an artificial 
break-water , leaving two openings through which the exchange of the 
harbour water and the neritic Mediterranean water take place. About 
35. 2X106 mJ of domestic sewage are discharged into the Eastern Harbour 
of Alexandria through 11 outfalls, distributed along the coast. This 
quantity is about 2.3 times the water volume of this basin.Accordingly 
, the flushing rate would be about 5 months. 

I'IATERIAL AND KETIIODS: Sampling was carried out at regular bimonthly 
intervals , throughout the period from May 1985 to May 1986. ATP 
measurements, for total living ATP and Zooplankton, were carried out 
according to the method described by Holm-Hansen (1973). Knowing the 
ATP corresponding to the total living organisms (TATP) and zooplankton 
(ZATP) as well as that equivalent to phytoplankton (PATP), calculated 
from phytoplankton biomass carbon (Holm-Hansen, 1973), the bacteria 
(BATP) could be estimated by subtraction. The ATP equivalent of phyto
plankton was computed from the chlorophyll !! biomass (determined 
according to Strickland & Parsons, 1972) using the factor given by 
(Holm-Hansen, 1973). 

RESULTS AND DISCUSSION: During the study period , the annual averages 
of total ATP (TATP), zooplankton ATP (ZATP), phytoplankton ATP (PATP) 
and bacteria ATP (BATP) amounted to 6. 47+2. 06, 3. 26+1. 28, 1. 54+1. 41 
and 1.83±1.08 .)lg ATP/1 , respectively. Karl (1980)-mentioned -that 
elevated ATP concentrations are characteristic to eutrophic zones 
with values >0.5 .)lg/1 while in regions of moderate productivity,values 
range between 0.1 and 0. 5 .Jlg/1. Both the range and average values 
observed in the harbour are higher than those recorded in many other 
localities including the Mississippi bay. 

Based on the assumptions of Holm-Hansen and Booth (1966), the 
estimated number of bacteria{! in the harbour ranged between 0. 72X10B 
and 45Xl011 Cell/1 at the surface and 0. 33XlOB-58XlOB cell/1 near the 
bottom. The annual averages were 12.9XlOB and 11.2XlOB cellfl,respec
tively. These values indicate that the bacterial number in the E.H 
water is exceedingly high compared with oceanic and even coastal 
waters reflecting the role of organic sewage dumped in this basin 
(Aboul-Kassim, 1987). 
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Figure 1: Monthly variations of the percentage composition of zooplan
kton, phytoplankton and bacteria biomass (mg C/1) in the 
Eastern Harbour during the period 1985-1986. 

In the present study, an attempt was made to obtain the carbon 
biomass equivalent to that ATP values. The concentrations of living 
biomass in the harbour water were relatively high. The annual averages 
of total ATP carbon biomass and that of phytoplankton, zooplankton and 
bacteria were 1.620, 0.385, 0.820 and 0.450 mg C/1. The zooplankton 
biomass peak occurred in winter, while those of phytoplankton and 
bacteria were observed in warm months (Figure 1). An expected signifi
cant negative correlation was observed between secchi disk depth (Zsn) 
, measured during sampling , and total living biomass (r=-0.4404, 
P<0.001). The regression equation relating both variables is: 

Ln Zsn • 1.2564- 2.3316 ln ( T.living biomass ). 
Statistically significant positive correlations were also observed 
between 1 iving biomass and that of phytoplankton, zooplankton and 
bacteria. The empirical regression equations relating these variables 
are: T .1 i ving: biomass m 0. 3155 +0. 6509 Phytoplankton Biomass 

T.living biomass = 0.2388 +0.7946 Zooplankton Bio•ass 
T.Iiving biomass= 0.2704 +1.0053 Bacteria Biomass. 

As revealed from the present study,the average relative abundance 
of the different components of living biomass in the harbour water 
could be expressed as follows: 

Zooplankton: 50.02'1., Bacteria:28.18'.t, Phytoplankton:21.8'.t. 
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Phosphorus is one of the most important nutrient elements 

which control the growth and reproduction of phytoplankton. Mean 

while, when present in huge concentrations it may cause 

eutrophication and is considered as a potential pollutant. 

This work assesses the importance of land based sources 

the phosphorus species and budget in a heavily polluted basin off 

Alexandria coast. 

The annual mean of dissolved inorganic phosphorus (DIP) in 

the Eastern Harbour (B.H) amounted to 0.44 ± 0.223 ug at/1. 

Generally, statistically significant correlations were found 

between DIP with particulate organic matter (POM) (P< 0.001) and 

dissolved oxygen (P< 0. 001), indicating the importance of 

oxidation of organic matter as a source of DIP. The importance of 

the allochthonous source of DIP was demonstrated by the 

significant inverse correction found between DIP and salinity 

(r=- 0.318, P< 0.001). 

Dissolved organic phosphorus (DOP) constitutes between 

55-60'1. of total dissolved phosphorus (TDP) in the harbour water. 

The average value of DOP concentrations for surface and bottom 

water layers 0.677±0.491 and 0.436±0.262 ug atjl , 

respectively . Significant corrections were observed between DOP 

and chlorophyll !! (P< 0.001) as well as total living biomass 

(P<O. 001), underscoring the important role of 1 iving organisms as 

a source of DOP in the harbour water. 

Particulate phosphorus (PP) in the B_H was remarkably higher 

than that of TDP, constituting more than 58'1. of total phosphorus 

(TP). The overall average amounted to 1. 394± 0. 754 ug at{l. The 

high significant corrections between PP with POM (P< 0.001) and 

salinity (r= - 0.5399, P< 0.001) indicated that the concentration 

of pp is directly proportional to the amount of run-off. The 

regression equation being : POM = 1.767 + 0.670 PP. 

The overall average values of inorganic phosphorus, organic 

phosphorus and total phosphorus of the surficial sediments of the 

harbour basin amounted to 0.086't, 0.02't and 0.106'1., respectively. 

The annual inputs of DIP to the harbour basin during 1965-

1966 from land sources, precipitation as well as flux from 

sediments were 567 kg, 6.5 kg and 520 kg, respectively. About 400 

kg/yr of DIP reaches the harbour from the neritic Mediterranean 

waters through the eastern outlet. On the other hand, the total 

phosphorus input to the bay via precipitation amounted to 6. 5 

kg/yr. Laboratory experiments indicated that maximum phosphorus 

released from sediments was attained during the first five days. 

A total 520 kg DIP was estimated to be released to the overlying 

water from sediments. This amount is about 52't of the .total DIP 

input to the harbour. 

The annual rate of phytoplankton uptake of DIP was 

experimentally determined and amounted to 860 kgfyr. The present 

day standing stock of phosphorus in the harbour amounted to 209 

kg. Following the circulation pattern in the bay, he outflowing 

water from the bay carries about 190 kg of DIP annually to the 

coastal water of Alexandria region. The rest of the inflmring 

phosphorus is either adsorbed on settling particles or sediments. 
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The Determination of Oceanographic Characteristics, Primary 

Productivity and limiting Nutrient(s) of the lzmit Bay, Marmara Sea 
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For the water quality management of the 1zmit Bay, located on the northeastern part of 
the Marmara Sea, a long-term survey has been conducted in May 1984-July 1988 <Tu~rul 
et. al., 1989). The 1zmi t Bay, es being a part of the Marmara Sea, is influenced by the 
water exchanges taking place between the Black Seu and the Aegean Sea <Tu~rul et. al., 
1986). The bay has a permanent two-layer stratification throughout the year as in the 
Marmara Sea. The degree of stratification and characteristics of the water masses show 
considerable interannual variations, particulary in the upper layer. 

The dissolved oxygen, nutrient, total and particulate organic carbon, and chlorophyll-a 
concentrations within the bay are mainly governed by waste load inputs, primary 
production and physically by the water exchanges with the adjacent water masses of 
Marmara Sea. Because of the relatively long residence time of the bottom waters of the 
bay (below 30 m) and sinking of biodegradable particulate organic matter of algal and 
anthropogenic origins, the dissolved oxygen consumption rate exceeds its supply rate 
and thus the dissolved oxygen concentration decreases from 2 ppm in April to below 0.5 
ppm in October. 

The primary productivity and bio-assay studies have been carried out seasonally by C-14 
technique for. one year in 1987-1988 <Marko~ and Tu~rul, 1989). The results of Poe, 
BODs, chlorophyll-a and primary productivity have demonstrated that there exist 
significant inputs. of nutrient elements <N, P> associated with the biodegradable organic 
matter of industrial and domestic origins to the bay system. The annual algal 
production was found to be about 185 g-C/m2 in the relatively less polluted waters of 
the western region whereas it reached 330 g-C/m2 /year in the inner bay. The highest 
production value of 3810 mg-C/m2 /day was measured in March, 1988, which corresponds to 
the spring-bloom time in. the Marmara Sea. 

The results of bio-assay predicted that the limiting nutrient elements on phytoplankton 
production were found to be ortho-phosphate and reactive silicate whereas the nutrient 
measurements in the surface waters of the bay indicated that the nitrate very likely 
limits the algal production within the bay, as expected in the Marmara Sea. 

The nutrient results demonstrate that the <N03 +N02 )/ <o-P04 ) ratio <in mole) in the 
lower layers of the bay is less than 11, indicating denitrification reaction in the 
oxygen poor bot tom waters of the bay. The concentrations of ortho-phosphate and 
(nitrate+nitrite) in the bottom waters range between 0.8-1.2 J1M _and 7-11 JlM, 
respectively, depending upon the temporal and spatial variations of physical and 
biochemical processes within the bay. 

As the consequence of large quantities of wastewater dischange to the eastern and 
central bay waters <Tu!l;rul et.al., 1986), BODs, Toe, Poe and Chll-a measurements <see 
the figure below> clearly indicate a considerable amount of biodegradable organic 
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The variations of Toe, Poe, BODs (ppm) and Chll-a <ppbl with 
time in the surface water of the eastern region of the bay. 

matter input to the inner bay. From ~he long-term TOG and Poe measurements, the two 
important conclusions can be derived: firc;t, a significant fraction of the land-based 
organic matter is deiJraded in the euphotic zone, the second is that 10-30% of Toe is in 
Poe form. The highest Poe concentration 1-MS always recor·ded in· the surface layers (0-5 
m) of the polluted waters of the eastern region whereas it associated with the. chll-a 
maxima in the outer bay. The water quality modelling study has also verified these 
conclusions <Tui';rul et.al., 1959). The Poe/Chll-a ratio in the bay waters showed 
seasonal changes, with the highest value in the summer months. The water quality model 
of the bay has predicted that the bay system is very sensitive to deep-sea discharges. 
Thus, at least, 90% of the present 1-1aste loads entering the bay should be removed by 
adequate wastewater treatment techniques prior to deep-sea dischange to the bay system. 
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The Italian coast of the northern Adriatic Sea 1s under direct 
influence of freshwaters conveyed by a number of rivers. which drain 
a 1 and surface of about 120,000 km2. 
The mineralogical-petrographic characteristics of the whole 
catchment basin are relatively well known: the nvers Po, Adige, 
Brenta and Bacchiglione belong to a subcarbonatic area, in which 
carbonate percentage 1n the sediment varies from 12% to 50% 
northwards( 1). while the rivers Pi ave, Livenza. Tagl iamento and 
Isonzo belong to a carbonatic area with CaC03 plus MgC03 percentages 
ranging from 61% to 86% and calcite/dolomite ratio 1ncreas1ng 
eastwards( 2). 

Table 1. Nitrogen and Phosphorus in the waters and carbonate 
con-tent in the sediments of the rivers flowing into the northern 
Adriatic Sea. TIN Total Inorganic Nitrogen ug-at/1; OP = 
orthophosphate Phosphorus 1-1g-at/l; N/P Nitrogen to Phosphorus 
atomic ratio; % C03 = % Total Carbonates 1n sed1ments; X = Mean; 
SD = Standard Deviation. 

River Years Samples TIN OP N/P %C03 
No. X so so X so Min - Max 

Isonzo 1976-77 50 59.4 23.7 0. 29 0. 22 371 288 61 .0 81.7 
Tagl iamento 1983-84 20 68.1 23.1 0.19 0.17 456 380 69.1-80.2 
L ivenza 1986-87 27 127.4 46.2 0. 91 0.42 1-55 55 63.8-86.2 
Adige 1968-78 196 68.1 21 .0 1. 51 0. 71 46 43 11.3-15.3 
Po 1968-84 270 121.5 64.9 2.81 1. 87 69 97 6.9-14.9 

The physical and chemical characteristics of freshwaters have been 
investigated and reliable concentration data series of nitrogen and 
phosphorus are available for some of these rivers(3,4,5,6.7,8.9l. 
Table 1 summarizes published data on nutrient concentrations in 
freshwaters and carbonate content in sediments. The data ava 1 1 ab 1 e. 
although 1 imited to . inorganic dissolved. forms of nitrogen and 
phosphorus, clearly 1ndicate that: (i) s1gn1f1cant d1fferences 1n 
the concentration of nitrogen and phosphorus and 1 n the N/P atom1 c 
rati 0 exist among different rivers; ( i i ) nitrogen and phosphorus of 
the p 0 and Adi ge rivers have increased significant 1 v in the past two 
decades ·due to man-made inputs, but the N/P ratio remained almos1: 
unchanged; (iii ) the 1 owest phosphorus va 1 ues and the h 1 ghest N/P 
rati 0 were genera 11 y measured 1 n the carbonat 1 c area. where 
phosphorus concentrations are an order of magn1 tude 1 ower than 1 n 
the rivers of the subcarbonatic area. 
In principe, no river entering Adriatic coastal. waters can be 
considered "unpolluted"; thus, the N/P atom1c rat1o reflects the 
balance between nitrogen and phosphorus concentrations ong1nated 
from natural sources (by dissolution of rocks and soils) and from 
man-made sources (sewage and industrial effluents, runoff from 
fertilized agricoltural land). In moderately polluted watersof the 
carbonat i c area, as it is the case of the r1 vers I sonzo. Tag l1 amen to 
and Livenza, the high N/P ratio may be interpreted in terms of 
phosphate retention as a part i cu 1 ate or as an adsorbed phase on 
soils. Since the optimum N/P ratio for algae growth ranges from 10 
to 20, freshwaters from karstic watersheds are generally l1m1ted by 
phosphorus. 
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In the Southern Adriatic Sea nutrients were measured during thirteen 

cruises from 1974 - 1990, at four profiles and twenty stations, 

from Vis Island to Otranto strait, about three expeditions per 

session were performed. Standard oceanographic parameters were 

also measured (transparency - Secchi disc, temperature, salinity, 

dissolved oxygen and pH). 

All parameters were measured by standard oceanographic methods 

recommended by Strickland and Parsons (1975). 

The region is under northern Adriatic cold water influences, 

mainly in the western part of the basin, and warm.Mediterranean 

water influences in Central and Eastern part of the basin. 

Morphology of the basin enables existence of cyclonic current gyre 

with prevailing NE currents and Eastern coast, and SE currents 

at west Italian coast. 

Orthophosphate and total phosphorus concentrations are smaller 

than in some other regions (less than 0.1 and 0.2 mol/m3 ), and 

some exceptions at nearshore stations can be explained by local 

influences (Bojana run-off and smaller rivers at Italian coast). 

Average nitrogen concentrations do not exceed 2 mol/m3 , mainly 

existed as nitrate, indicated highly oxidative region. 

Orthosilicate concentrations are in similar range as nitrogen, 

with some exceptions, due to clastic region river run-off. 

In any case, the ratios (AOU : Si : N : P = -276 : 0.8 : 1.1 

10.03) were significantly different from oceanic Redflelds 

stoichiometric model (AOU : Si : N : P = -276 : 15 : 16 : 1, 

Redfield,1963), and those calculated for the Northern Adriatic 

(AOU ; Si : N : P = -276 : 21 : 7 : 0.45, Degobbis, 1990). In 

this ratios extremelly low concentrations of phosphorus, nearly 

to the limits of the method, must not be neglected. Interestingly, 

differences in ratios due to seasons or depth variations are not 

noticeable. 

It seems that phytoplankton assimilated more nitrogen than phos

phorus, because of its relative enrichment in south Adriatic 

waters. Probably, phosphorus is the main limiting factor of bio

production in the whole Adriatic Sea. 

Nutrient budget in the South Adriatlc is not quite clear, because 

of rare current measurements.on main profiles, especially in 

advective outflowing North Adriatic waters and inflowing Mediter-

ranean waters. 

REFERENCES: 

Degobbis., D., 1990. A stoichiometric model of nutrient cycling 
in the northern Adriatic Sea and its relation to regeneration 
processess, Mar. Chern. (submitted for publication). 

Grzetic, Z., 1982, A contribution to the knowledge of thermohalinic 
structure of the South Adriatic, M.Sc. Thesis, University of Zagreb, 
(in Croatian). 

Redfield, A.C., Ketchum, B.H., and Richards, F.A., 1963, The 
influence of organisms on the composition of seawater, In: M.N. 
Hill (editor), The Sea, Vol. 2 Interscience Publishers, New York, 
pp. 27-77. 

Strickland, J.D.H., and Parsons, T.R., 1972, A practical handbook 
of seawater analysis, Fish. Res. Board Canada, ,Bull. No. 167, 
Ottawa, pp. 310. 

Skrivanic, A., and Z. Vucak, 1983. A contribution to oceanology 
of offshore waters of the Montenegro coast, Marina biologija, 13, 
223-231 (in Croatian). 

Vucar, z., Skrivanic, A. and J. Stirn, 1982, "A. Mohorovicic" 
expeditions: Reports and results of the oceanographic investiga-

_tions in the Adriatic Sea. Basic physical, chemical and biological 
dat·a, Hydrographic Institute of the Yugoslav Navy, Split, 1-239. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 

44 

C-18 
Very High Values of the Nitrate/Phosphate Ratio (>30) in the 

Subsurface Layers of the Western Mediterranean Sea 
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Centre d'Oceanologie de Marseille, Faculte des Sciences de Luminy, 13288 Marseille (France) 

For a long time the Mediterranean Sea has been known as an area with lower 
nutrient concentrations (Me Gill 1961) and higher nitrate/phosphate ratio (N:P) 
than the adjacent Atlantic Ocean. While Atlantic waters show N/P close to the 
Redfield's ratio of 16:1 (Redfield et al., 1963), mediterranean values are reco
gnized higher than 20:1 (Me Gill, 1965). This discrepancy is probably due to as
similation-regeneration processes inside the Mediterranean Basin. Previous works 
have shown that difference in N/P disappears if all the forms (inorganic and or· 
ganic) of nitrogen and phophorus are taken into account (Coste et al., 1988). 

The present study gives greater insights on mediterranean N:P values obtai· 
ned in Western Mediterranean Sea and Atlantic waters near the Strait of Gibral
tar from several recent cruises during which intensive nutrient analyses have 
been performed (Mediprod IV, Mediprod V, Mediprod V2, Prolig II cruises): 1/ Mo
dified Atlantic waters, noted by salinity lower than 38.0, keep N:P ratio close 
to 17:1 during their eastward transport along the Algerian coast, while nitrate 
and phosphate are consumed~ 2/ In the same area, typical Mediterranean waters 
(salinity higher than 38. 0) are characterized by a mean N: P of 2l: l, in accor
dance with previous works (McGill, 1965). 3/ In the whole western basin and on 
several seasons (november 81, june 85, june 86, march 87) the vertical distribu
tion of the N:P ratio can exhibit very high values (often higher than 30). 
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Figure l: Vertical distributiors of salinity, 
nitrate and N:P ratio observed along the 
Algerian coasts in March 1987 (Mediprod V2 
cruise) . 

Figure 2: Exemple of continuous profiles of 
nitrate, phospha.te and N:P ratio obtained 
in the Ligurian Sea during the Prolig 2 
cruise. 

Along the Algerian coast, a subsuperficial maximum with high N:P values is 
due to the presence of atlantic surface water with N/P even lower than 16: 1 be· 
cause of nutrient consumption by phytoplankton (Ketchum ec al., 1958; Fig. 1). 
In the northern basin, values do not present subsuperficial maximum but de
crease regularly from the surface layer. The levels where N:P are higher than 30 
are in the 50-150 m depth range with salinity around 38.10-38.20 and oxygen sa
turation about 80-85 %. Explanation of this feature has to be attributed to a 
phosphacline deeper than nitracline (Fig. 2) as opposed to observations in stra
tified oceans (Herbland and Voituriez, 1977). From T-S diagrams it can be dedu
ced that the interested watets are originat:ed by mixing of surface waters and 
Winter Water as represented by a temperature minimum. T-S diagram analysis shows 
that levels with high N/P values are characterized by nitrate and phosphate 
concentrations lower than those deduced from mixing alone. Involved waters have 
been interested by biological processes with a net gain for nutrient assimila· 
tion. 

It must be mentionned that, in oceanic areas, uptake of nitrate is gene
rally thought to be more rapid than uptake of phosphate, whereas phosphorus 
tends to be regenerated more rapidly than nitrogen (Me Gill, 1965). Thus, medi· 
terranean waters seem to be interested by biological processes in such a way 
that phosphate is more rapidly assimilated and/or nitrate is more rapidly rege
nerated. confirming a severe phosphorus limitation. 
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Effect of a Coastal Current on the Pelagic System off Catalonia (NW 

Mediterranean) 
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The Liguro-Provencalo-Catalan current that flows off the NW Mediterranean shell 
between the Ligurian Sea and the lbiza Channel (Font and Miralles, 1978; Font et al., 1988) 
was studied off Catalonia (Fig. 1) with a Doppler Acoustic Profiler installed on the hull of the 
B/0 GARCIA DEL CID. In this area, the current is found on the slope, over depths of about 
1000 m and shows a SW direction with a maximum intensity of about 35 em s-1 at the surface. 
linearly decreasing with depth (Fig. 2), and a width of about 15 km. 
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The density distribution shows values over the shelf lower than those offshore. The former 
correspond to low salinity coastal water generated in the Gulf of Lions (Castellon et al. 1985) 
while the latter constitute the high salinity "Meditenanean Water Mass" (Salat and C~zado 
1981) typical of the central parts of the Liguro-Catalan basin. 

Fig_ 4 

The structure of the hydrodynamic front formed between the two water masses IS best 
showr: by the salinity distribu.tion in various sections along the coast (Fig. 3). The lifting of the 
1sohaltnes appeanng m the central part of the sectwns 1s due to the vertical component of the 
water motion inducing an upward movement at the outer boundary of the current and a down
wards movement at the inner boundary. The temperature distribution (Fig. 4) also shows a rising 
of the 13.5 •c isotherm in the middle of the sections and a sinking in the nearshore side. Some 
slight risinl? of the nutrient isoplet~s is also evident (Fig. 5) while the chlorophyll distribution 
shows max1ma 40 to 50 m deep w1th greater values at the stations in which lifting occurs (Fig. 
6). 
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These observauons point out the existence of a hydrodynamic front in equilibnum with 
the longshore cunent that separates the less saline coastal water from that more saline offshore. 
Through the vertical component of the current, the flow of nutrients to the euphotic zone is 
enhanced at the offshore boundary allowing the phytoplankton community to develop at this 
boundary a larger biomass than that produced over the shelf. 
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C-110 
Facteurs de Ia Variabilite du Taux de Carbone Organique du sapropele 

Holocene de Mediterranee Orientale 
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"INTECHMER, B.P.324, 50103 Cherbourg Cadex (France) 
""LSGM, Universite de Perpignan, Avenue de Villeneuve, 66025 Perpignan Cadex France) 

Depuis OLAUSSON, (1961), !'existence en Mediterranae orientale de niveaux sedimentaires 
particuliers, riches en matieres organiques : les sapropilles, est connue. La definition Ia plus comphllte du 
terme sapropele a ete donnee par KIDD et al., (1978) : niveau individualise, d'epaisseur inlerieure a un 
centimetre, dans des sediments de mer ouverte et contenant plus de 2% de carbone organique en polds. 
II paraissait important pour comprendre le mecanisme de formation de ces niveaux de s'interesser a Ia 
variabilite de leur teneur en carbone organique (C.O.). Pour mener a bien cella etude nous avons dispose 
de nombreuses carottes pralevees sur !'ensemble du bassin de Medilerranee orientale. 

Les echantillons analyses representant 1 a 2 em de sedimentation pelagique ou Mmipelagique (1 
a 10 cnV1000 ans). Les analyses du taux de carbone organique ont eta elfectuees sur le sediment total 
apres destruction du carbone mineral par H3P04 ou HCL 

La teneur en C.O. des sapropilles apparait Ires variable puisque las valeurs maximales obtenues 
atteignent 18 %. 

Elle varia d'abord en tonction de !'episode sapropelique (MURAT, 1984). 11 est done necessalre 
de considerer separement chacun des episodes. Nous avons localise notre etude sur le sapropille Ia plus 
recent (holocene - S1) frequemment recoupe dans les carolles et pour lequel les donnees disponibles 
son! done les plus nombreuses. 

Nous avons teste pour ce sapropille cinq facteurs possibles de Ia variabilite du taux de C.O. : rage, 
les positions geographique et physiographique, Ia hauteur d"eau et l"epaisseur du niveau. Trois de cas 
f acteurs ont une influence sur cette variabilit6 : 

- l'll.ge, nous avons constate une evolution du taux de C.O. du debut a Ia fin de !'episode, pour le 
sapropille,S1 les valeurs les plus fortes sont le plus souvent situees au sommet du niveau, 

- l'epaisseur eVou taux de sedimentation eVou temps de residence des particules a !'interface 
eau/sediment jouent egalement un r61e. En eifel, plus rapidement Ia matiere organique est enfoule mieux 
elle se conservera. Tous les autres lacteurs etant egaux, nous avons constate que les episodes les plus 
epais etaient plus riches en c.o. 

- Ia hauteur d'eau est un facteur determinant. 

Pour mettre en evidence !'influence de ce demier facteur, nous n'avons conserve que Ia valeur 
maximale de leneur en C.O. en considerant que cella valeur correspond a Ia phase culminante et que 
celle-ci est synchrone sur !'ensemble du bassin. Les resultats (ct. fig. ) montrent une bonne correlation 
lineaire (A = 0,92) entre le taux de C.O. ella hauteur d'eau. L'augmentation du C.O. est reguliere avec Ia 
profondeur au moins jusqu·a 3600 m (limHe des donnees) sans stabilisation. 

Pourtant SUESS (1980) a montre qu'actuellement dans las oceans, le flux de carbone organique 
diminue avec Ia profondeur car Ia matiere organique est consommee dans Ia tranche d'eau. Nos resuhats 
sont en apparente contradiction avec cette conslatation, puisque las dep6ts les plus riches en C.O. sont 
situes dans les zones les plus profondes correspondent au trajet le plus long at done a une duree de 
transport plus importante. · 

Pour expliquer le gradient de C.O. constate, il taut admettre les points suivanls : 
- il existail une stratification des eaux avec une tranche d'eau superficielle normalement oxygenee 

et productive el une couche profonde s'appauvrissant avec Ia profondeur en oxydants qui permettent Ia 
mineralisation de Ia matiere organique, 

- Ia matiere organique produite n'est pas detruHe en lotalite dans Ia tranche d'eau superficielle 
oxygenee, 

- une partie importante de Ia degradation de Ia matiere organique s'effectue a !'interface 
eaulsediment evou dans Ia couche superficielle du sediment, car etant donne Ia Iaible taux de 
sedimentation, le temps de residence a !'Interface est beaucoup plus eleva que Ia duree du transit dans Ia 
tranche d'eau stagnante, 

- Ia stagnation n·a pas ete totale, et mArne dans les zones las plus profondes, des oxydants 
devaient litre encore disponibles pour mineraliser una partie de Ia matiere organique arrivant a !'interlace. 
Si tel n'etait pas le cas le taux de C.O. se stabiliserait avec Ia profondeur. 
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C-111 
Bottom Layer Oxygen Depletion - An Increasing Problem in the 

Adriatic Sea ? 

Alenka MALEJ 

Marine Biological Station Piran, Institute of Biology, University of Ljubljana, Slovenija (Yugoslavia) 

Low dissolved oxygen (DO) or hypoxia (levels below 3 ppm) 
and anoxia resulting in mass mortalities of benthic organisms is a 
problem that appears to be in rise in many coastal areas (Officer et 
al. ,. 1984; Westernhagen et al., 1986). The magnitute of hypoxia/anoxia 
problem is spreading also in some Mediterranean coastal water bodies 
(Friligos, 1982), among others also the Northern Adriatic Sea. Severly 
hypoxic and even anoxic conditions have been documented in this area 
several times during last three decades and most recently in November 
1989 (Smodlaka, pers. comm. ). 

Although the general processes which govern the bottom water DO 
levels have been identified and extensively studied there are still 
uncertainties about the relative importance of individual processes 
leading to oxygen depletion as well as the role of anthropogenic 
influences. The most important events in the development of the 
seasonal anoxia are considered to be the "bottom-sealed-by-pycnocline11 

phenomenon (Tolmazin, 1985), incresed organic loading either from in 
situ production or from allochtonous sources, reduced vertical mixing 
and lateral exchange. Increased eutrophication, which is blamed for 
more frequent and more intensive phytoplankton blooms, has also been 
related to hypoxia/anoxia problem. 

The debate on oxygen defficiency and other eutrophicatio~ 

problems intensified during the last decade also in the countries 
around the Adriatic Sea, where environmental problems have substantial 
economic significance. 

The Gulf of Trieste, tile northernmost and the shallowest part of 
the Adriatic Sea, shows varying degrees of seasonal (late 
summer-autumn) oxygen depletion in its deeper waters (> 20 m). The 
annual cycle shows that DO in bottom waters normally declines during 
mentioned period to a minimum concentration in late August-September. 
Critically low DO levels and anoxic bottom waters leading to localized 
benthic mortalities have been observed in 1974, 1980, 1983 and 1987, 
the areal extent being the largest in September 1983 when about 1/6 of 
the Gulf's bottom waters were infected. In order to determine the 
causes and effects of oxygen depletion, a massive sampling programme 
has been carried out during 1986-89. We studied physical processes 
affecting bottom DO levels, especially seasonal development of water 
column stratification, oxygen sources and sinks in the bottom layer as 
well as sediment biogeochemical processes. 

Our estimates indicate (/1alej et al., submitted) that even during 
summers not characterized by critically low oxygen levels (like 1986 
and 1988), the oxygen demands of the water column above the bottom and 
sediments in the Gulf of Trieste were large enough to exceed the 
supply available from in situ pelagic (the below pycnocline water 
column) and bottom (benthic micro algae) photosynthesis, therefore 
physical mechanisms affecting oxygen resupply must have contributed to 
slower deep water oxygen depletion. 

According to our measurements done during 1986-89 severe hypoxic 
patches can be expected almost any summer-autumn with unfavourable 
meteorological conditions in the Gulf of Trieste. The general pattern 
of observations suggest the central part of the Gulf of Trieste to be 
most vulnerable and the spreading of hypoxic waters towards the 
coasts. However, Faganeli et al. (in press) who studied 
paleoenvironmental conditions from a deep 40-m core could not confirm 
an accelerated rate of organic matter deposition recently. They 
concluded that past biogeochemical processes in the Gulf of Trieste 
were not markedly different from those of the present day. Therefore, 
it seems that anoxic events in the Gulf of Trieste are not of recent 
origin. 

While human activities may still be very important sources of 
oxygen-demanding loadings to the Gulf, the quantities of some natural 
sources have not yet been estimated, especially the role of lateral 
advection, .plankton dynamics during the stratified conditions and 
sediment regeneration. Therefore it would be advisable to: 

- monitor DO levels and rates of decline in bottom waters as well 
as relevant physical properties especially the degree of 
stratification 

- assess quantitatively the man-made and natural oxygen-demanding 
loadings 

- develop a predictive model and long-term trends using available 
data 

- improve our understanding of the dynamic processes in the 
coastal waters and in meantime 

-try to diminish oxygen-demanding loadings which will reduce the 
likehood of severe hypoxia and anoxia events. 
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An Observation on the Occurence of Near-Anoxia Conditions in the 

Sea of Marmara 
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Middle East Technical University, Institute of Marine Sciences, P.K. 28, Erdemli-lcel (Turkey) 

The Sea of Marmarl!l is a relatively small, inter-continental bas1n 
with a surface area of 11,500 km2 and a volume of 3378 km'" <5zsoy, et 
al. ,1986). It shows a transitory character between two semi-enclosed 
basins, the Black Sea and the Aegean Sea <Figure 1). The existence of less 
saline <22-24 ppt> Black Sea origin waters over the more saline <38. 5 pptl 
Mediterranean origin waters forms a strong salinity strt~tific!ltion at !!bout 
30m. Subhalocline W!lters of the Sea of Marlllllra recieve pt~rticult~te orgt~nic 
matter, not only trough its own prlmt~ry production, but t~lso particulate 
organic matter originated from Black Sea and wt~ste discharges around the 
1st!lnbul Metropolitan Are!!. 

BLACK SEA Figure 1. The Bathmetry of the Sea 
of Marmara (depths in meters) and 
location of Sta. 45C 

The st!lbili ty of the halocline is further increased by ther!D!Il 
stratification developed during summer. The existence of a strong 
pycnocline prevents aeration of sub-ht~locline layer. The only possible 
route for the ret~eration of subhalocline l!!yer of the Sea of Marmt~ra Is the 
influx of oxygen .rich waters through the Dt~rd!ln!llles lower layer flow. 
However, oxygen influx by this route is not sufficiel)t to compensate the 
utilizations by sinking particulate organic ID!It ter from euphotic zone, thus 
the deep bt~sins of the Sea of Marmar!l contain W!lter with highly depleted 
oxygen content u.o-!.5 mg 0 2 /1). Pt~rti!!l ret~eration of the subht~locline 
W!lters by wind-induced vertical mixing was observed during lt~te winter of 

Figure 2. Time-variation of OT 
at Sta. 45C for Nov. ,1985-0ct., 
1989 periOd 

1986 and early spring of 1987 <Figure 2>. However, " simil!lr mixing W!IS not 
seen during 1988-1989, probably due to " milder winter. Incret~sed influx of 
relatively dense waters of Mediterr!lne!ln origin <Fig. 2) into deep bt~sin of 
the Marmara during the summer of 1987 increased the stablli ty. This, in 
turn, increased the AOU <Appe!!r!lnt Oxygen Utilization) levels of sub
ht~locline W!lters from about 5. 0-5.5 mg 0 2 /1 in 1986 to 6. 0-6.5 mg 02/l in 
mid-summer of 1987; the AOU, thereafter, increased gradually up to 7.0 mg 

Figure 3. Time-variation of AOU 
at Sta. 45C for Nov. ,1985-0ct. , 
1989 periOd ~ 1 ' • ' 1 t • 7 1 J. • ,,~,,., 

Figure 4. Time-variation of TO,!i 
at Sta. '+5C far April,1986-0ct. , 
1989 period 

0
2
/l 1n 1989 <Figure 3). A par!lllel lncre!lse was observed in the level of 

total oxidized nitrogen <TO,.N=NO,.+NO,> which increased grt~dually to 11 11M 
through mid 1988 <Figure 4) l!lnd then indicated a decrel!lse towt~rds the end 
of the year, during which the AOU levels continued to increase. Increased 
oxygen depletion within the sub-halocline waters t~nd episodic strong 
northeasterly winds in August, 1989 moved the interface upwards. The oxygen 
below the halocline was 0. 3 mg/1. Mass mortalities of benthic and demersal 
fish in the region t~djt~cent to the Anatolit~n coast of the BMJ region 
<Fig.!) were recorded following the observation. 
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The goal of the work reported here was to build a Prototype Expert System for 
the identification of marine phytoplankton. 

The system runs PC -AT compatible computer, an auxiliary video monitoring, 
a TV camera and a digital video processing card. A comercially available inference 
tool has been used to facilitate the development task. 

At the present stage of prototype development, ESPHYNKS allows identification 
of 8 phytoplankton genus and Hi species belonging to the genus Coscinodiscus. The 
knowledge base of the system is developed from a matrix (Fig.l) organized with 
a data base program. The Coscinodiscus matrix is composed of seven variables 
visible under optical inverted microscope, sufficient for unambiguous identification 
of each species. The data base program is used to explore the combinations of 
morphological characters for all Coscinodiscus species. After testing the matrix, 
combinations of characters are translated into expert system rules. 
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Fig.l - Matrix organized with a data base program useful to build 
the ESPHYNKS knowledge base. 

An image bank build from observations of field and laboratory phytoplankton 
samples under optical and scanning electron microscopes is associated to the 
knowledge base. During consulting, the system combines image display with 
questions to facilitate the identification. At the present time the image bank 
includes more tha'n 450 different views of about 150 species. 

Fig.:< - Reproduction of one of the screens on the auxiliary video monitor. This on• 
presents eight pilytoploankton genus included in the system. 

ESPHYNKS structure provides different ways for species identification in field 
samples being observed under the microscope or described by the user. Each 
session begins pl·esenting a screen (Fig.2) on the auxiliary video monitor with 
images of the eight phytoplankton genus included in the system. Two possibilities 
are considered depending on wether the sample is identical or not to one of the 
images. In the first case, the answer is trivial and the system concludes about the 
genus directly. In the second, an interactive process isestablished with the user 
by means of questions, help menus and images displayed on the video monitor 
leading to the complete determination of the genus. After this first phase is 
completed satisfactorily, the san1e procedure is repeated for that particular genlls 
until the species is identified or not, depending on the answers given by the user. 
Further developn•ent of ESPHYNKS would consist on the repetition of the method 
applied in the construction of the prototype. 

This novel computerized system proposes a new way for species classification 
and greatly facilitates the task to non specialists in the field of phytoplankton 
(e.g., technicians working in environmental assessment projects, students, etc.), 
The system is also an excellent tool fo1· educational purposes. ·The use of relatively 
inexpensive hardware also allows for remote use of the system once it is fully 
developed. Experts and technicians around the world may send their own optical 
or SEM images on diskette or through electronic mail to a central identification 
centre where full idenlificationcould be accomplished. 
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Mobility of some Benzene Derivatives on Progressively Dried Fe 

(111)-lmpregnated Silica Gel 

Sonja ISKRIC• , Zeljka TOPOLCic• , Nevenka ZAMBELI .. and Olga HADZIJN 

•Ruder Boskovic Institute, Zagreb, Croatia (Yugoslavia} 
.. Faculty of Pharmacy and Biochemistry, Zagreb, Croatia (Yugoslavia) 

It is known that the surface of rocks, sediments and soils have active 
functional groups, in particular OH, derived from hydrous oxides or 
organic materials. The hydroxy groups of metal hydroxy I oxides are 
active factors for processes of interaction with organic ligands i.e. 
formation of inner sphere surface complexes ( 1). 
In the transformation of iron in soils and sediments, and also in 
biochemical systems, great importance has been attributed to the dis
solution of iron hydrous oxides (2). In natural systems this process 
is affected by biogenic ligands such as organic acids - dicarboxylic 
or hydroxy carboxylic. Iron hydrous oxides may differ widely.with 
regard to chemical composition and structure and consequently may 
have different chemical reactivity (3,4,5,6). 
In our work we examined the dependence of the level of hydration of 
iron hydrous oxides on the behaviour (binding) of some benzene deriva
tives, as a model system for natural conditions. As the technique 
thin-layer chromatography on silica gel impregnated with Fe(III)-ions 
was applied. The plates were prepared by spraying with iron nitrate 
solution and dried at 140°C for different time intervals. Developers 
were distilled and tap waters. Organic model compounds were pyrogallol 
and salicylic acid. 
It was founp that prolonged drying of the support increased mobility 
of the compounds. This phenomenon can be explained by formation of 
different species of silica gel Fe (III) complexes containing decreasing 
amounts at hydroxy groups and water. The results are given in Table 1. 
representing the dependence of Rfx100 of the compounds on drying time. 

Table 1. 

Compound 

Pyrogallol 
Salicylic acid 

References: 

Time of drying at 140°C 

5 min 3 h 22 h 

Rf 20 

Rf 30 

1. W. Stumm, B. Wehrli and E. Wieland, Croat. Chern Acta 60 (1987) 429. 
2. W. Stumm, B. Sulzberger, .Siffert, D. Suber and S. BMwart, Mar. 

Chern., in press 
3. W. Schneider and B.B. Schwyn in Aquatic Surface Chemistry, w. 

Stumm Ed., Wiley and Sons, 1987, p. 167. 
4. S. Music, A. Vertes, G.W. Simmons, I. Nagy-Czako and H.J. 

Leidheiser, J. Colloid Interface Sci. 85 (1982) 256. 
5. 0. HadZija, S. Iskric and M. Tonkovic,J. Ohromatogr. 402 (1987) 

358. 

6. 0. HadZija, S. Iskric and M. Tonkovic, J. Chromatogr. 464 (1988) 
220. 
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Model Investigation of Interaction of some Benzene Derivatives with 

Metals Related to Soils and Sediments 

Zeljka TOPOLCIC" , Suzana CRNADAK" , Sonja ISKRIC"" , Nevenka ZAMBELI" and Olga HADZIJA"" 

"Faculty of Pharmacy and Biochemistry, Zagreb, Croatia (Yugoslavia) 
""Ruder Boskovic Institute, Zagreb, Croatia (Yugoslavia) 

It is considered ( 1) that processes of alteration and dissolution of 
minerals of soils and sediments are a consequence of surface reac
tions occuring, beside the others (such as H+ action), between OH
-groups on the surface of hydrous oxides and dissolved organic ligands 
thJ;ough coordination and surface complexes formation. Investigation 
with natural occuring materials ( 2-4) revealed that in dissolution of 
metals· through complexation the most important role have the compounds 
with carboxy and hydroxy functional groups. These compounds, being 
mostly benzene derivatives, are either degradation products of humic 
material or are found as free molecule in soils and sediments (5-7). 
These facts initiated us to investigate the chromatographic behaviour 
of some benzene derivatives on various supports, such as: silica gel 
(8),_ alumina and silica gel impregnated with Fe(III) (9), Ca and Mg 
ions to simulate natural conditions. Organic model compounds were 
benzene derivatives with carboxy, hydroxy and methoxy groups. Thin 
layer chromatography was performed using tap and distilled waters as 
developers. 
The following results were found: 
- benzene carboxylic and phenolic acids exhibit small mobility on 

plain plates of silica gel and alumina and also on plates impreg
nated with Ca and Mg ions. This can be attributed to low solubility 
of the compounds in water. On the same supports the mobility of the 
compounds having two hydroxy or an aldehyde group is greater. 

- on Fe (III) impregnated plates the mobility of the· compounds exam
ined is greater or lesser than on plain plates depending on the 
properties of the complexes formed with iron oxy/hydroxide. In 
addition, it is dependent on the way of how the plates are prepared; 
by prolongation of drying the plates, the mobility of the compounds 
is increased. This can be explained by decreasing the amount of 
hydroxy groups and water on the support and thus by different com
plexes formed. 

The chromatographic data obtained can give us some information about 
the behaviour of the complexes formed as well as about the possible 
activity of the compounds tested against metal oxides in soils. 
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Relationship between Specific Surface Area and Bulk Properties of 

Particulates - Investigation in the Nothern Adriatic 

Mladen JURACIC and Neda VDOVIC 
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Geochemical and sedimentological investigations of 

particulates (suspended matter and sediments) in the north

ern Adriatic Sea revealed direct relationship between sur

face properties of particulates (specific surface area, SSA) 

and granulometric and mineralogic composition. suspended 

matter samples, collected by sediment traps, have a mean 

size betwGen 3 and 10 /um, large quantities of alumosili

cates, and SSA between 7 and 23 m2/g. Investigated sediment 

samples (surface samples and core samples up to 2 m deep) 

vary in size between 5 and 180 /um, have carbonate share be

tween 2 and 50 ~, and SSA between 1 and 15 mz 1 g. 

Mineralogic composition and grain size distribu

tion are interrelated indicating that samples having more 

clay minerals (either sediments or suspended matter) are al

ways fine-grained. On the other hand coarse sediments have 
more quartz and carbonates. 

It was found that the SSA is apparent 1 y most de

pendent to grain size'. However, laboratory investigations 

show that mineralogic composition is the most important fac

tor that governs the SSA of the inorganic core of particu
lates. 

Organic matter found in large concentrations in 

investigated samples (up to 16.5 ~) considerably changes .the 

SSA of investigated samplesz. In the investigated samples 

organic matter present in sediment samples usually increases 

the SSA, whereas the surface of suspended matter is usually 

blocked by the organics. 
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Determination of Alkylphenol Polyethoxylates and their Metabolites 

in Estuarine Waters by High-Performance Liquid Chromatography 
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Alcohol polyethoxylates and alkylphenol polyethoxylates (APnEO) represent about 80% of the 
total manufacture of nonionic surfactants. Their annual consumption figures for Western 
Europe were in 1987 230 000 and 150 000 tons, respectively. In spite of somewhat lower 
consumption alkylphenol polyethoxylates are considered ecotoxycologicaliy much more 
critical compounds than the alcohol polyethoxylates. The reason for that is their higher 
persistence towards biodegradation as well as the high toxicity of the formed lipophilic 
metabolites to the aquatic life. 

Biogeochemical behaviour of alkylphenol polyethoxylates in the wastewater treatment as well 
as in various types of freshwaters was recently intensively investigated (1 ,2) but the reports on 
APnEO and their metabolites in the marine environment are very scarce. 

The results presented in this paper represent the first data on the determination of alkylphenol 
polyethoxylates and their lipophilic metabolites in the polluted part of the Krka River estuary. 
The area of investigation is a highly stratified estuary located in the Yugoslav Middle Adriatic 
region (3). 

Grab samples of the surface waters were taken in glass bottles at different distances from the 
wastewater outlets in the Sibenik Harbour. In addition, samples on the vertical profile of the 
water column were collected by scuba diving {4). 

Table 1. Concentrations (}Jg/L) Alkylphenol Plyethoxylates and Their Lipophilic metabolites 
in the surface Waters (0.5 m) of the Sibenik Harbour 

Location Distancea (m) NPnEO NP NP1EO NP2EO 

SH1 72 2.1 26 27 
SH2 28 2.7 3.4 3.2 
SH4 19 1.0 2.5 2.7 
SH4-A 10 0.36 0.64 0.35 
SH4-B 100 0.064 0.042 0.01 
SH4-C 200 0.048 0.053 0.020 
SH4-D 300 0.068 0.057 0.015 
SH4-E 400 0.058 0.036 <0.01 

8 distance from the sewage outlet 

Unfiltered water samples were analysed for APnEO and lipophilic metabolites using highly 
specific chromatographic methods which were originally developed for the analysis of the 
freshwater samples (5,6). Briefly, the parent compounds were determined by the reversed
phase HPLC using spectrofluorimetric detection (277/300 nm). Prior HPLC anacysis APnEO 
were extracted using the standard Wickbold procedure and the extracts were purified on the 
column of partially deactivated aluminium oxide {5}. The lipophilic metabolites (nonylphenol: 
NP, nonylphenol monoethoxylate: NP1EO, and nonylphenol diethoxylate: NP2EO) were 
enriched in cyclohexane employing continuous steam-distillation/extraction in a specially 
designed apparatus and the extracts were directly analysed by the normal-phase HPLC {6}. 

Table 2 Vertical Disti-ibution of Lipohphilic Metabolies of Alkylphenol Polyethoxylates in the 

Water Column of the Sibenik Harbour fjlg/L) 

Location/Depth Salinity{%o) NP NP1EO NP2EO 

E4a/0.5m 13.0 0.054 0.043 0.015 
E4aj1.25m 15.0 0.300 0.036 0.030 

E4a/1.5m 22.0 0.067 0.050 0.013 

E4a/6m 36.5 0.100 0.051 0.017 

E4aj20m 37.5 0.084 0.165 0.031 

E4a/4Dm 37.5 0.230 <0.010 <0.010 

The concentrations of APnEO in the samples taken immediatelly at sewage outlets (Table 1) 
were very low [7-72 ;g/L). The strongly predominant homologues were nonylphenol 
polyethoxylates while octylphenol polyethoxylates were not detected. The concentrations of 
the lipophilic metabolites in the same type of samples were, as expected, even lower than the 
concentrations of parent co:npounds (1.9-55.1 ;g/L} but indicated that they could significantly 
contribute to the total concentration of the nonylphenol compounds. According to the results 
presented in the Table 1 it seems that their dispersion and/or elimination in the Sobenik 
Harbour is very fast. Namely, after 100m distance from the sewage outlet further decrease of 
the concentration is not any more significant. 
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The fate of many trace substances Especially trace metals in natural waters depends on the 

interaction with present organic matter and different surfaces . A large amount of organic 

substances beside complexing properties towards metal ions exibit also surface active pro

perties . Because of their characteristic molecular structure consisting of structural groups 

that have very little affinity for the water phase (hydrophobic groups ) together with tile 

groups that have a strong attraction for water (hydrophilic groups ). Such organic sub

stances accumulate at different phase boundaries . On that way they mediate the behaviour 

of trace metals on the phase boundaries . Adsorbed organic compounds on the mi

neraljwater interface can influence dissolution processes and crystal growth as well as ad

sorption and scavenging processes of microconstituents and contaminants. 

Electrochemical investigations of adsorption processes and interactions in the adsorbed 

layer at the, mercury j water interface were found very useful for the study of interfacial plle

nomena which are interesting for natural aquatic systems (1 ,2,3) . 

·Very useful information on the adsorption behaviour of different organic substances and their 

mixtures can be obtained by investigation of the influence of the adsorbed layer on the elec

trode processes of metal ions. So far the reduction process of metal ions at the electrode 

surface in the presence of the adsorbed organic layer has been studied . This can serve as a 

simplified model for adsorption and precipitation of metal ions at natural mineral/water 

phase boundary in the presence of organic coatings. 

Additional information on mineral dissolution one can obtain by electrochemical investigation 

of anodic dissolution of metal at the mercury 1 water interlace covered by the film ol ad 

sorbed organic molecules. 

By using differential pulse voltammetry at the HMDE in this work we compare anodic dis

solution and cathodic deposition of cadmium in the· presence of humic acid in chloride solu

tions and seawater . The complexing properties of the used humic substance towards cad

mium ions were examined as well . The influence of Ca and Mg ions and pH value of solution 

upon adsorption and interactions of cadmium ions with humic acid were studied. 
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Electrophoretic Studies of Model Colloidal Systems 
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The coexistence of particles having different surface 

chemical properties, in aqueous solutions, is an essential 

problem in natural processes. The adsorption of organic 

molecules (ligands) on the surface of solid particles in such 

systems depends on the nature of the solid phase and on the 

conditions of the liquid medium: ionic strength, pH, adsorbate 

functional! ty, steric configuration, molecular weight and 

concentration ( 1). The adsorption of various ligands influences 

the stability of the system which is directly reflected on the 

transport of particles suspended in natural aquatic systems. 

Especially sensitive and critical zone in natural aquatic 

systems, is the salinity transition zone within an est.uary, 

where abrupt changes at the solid/liquid interface strongly 

influence the geochemical fate of suspended particles ( 2). 

Elect.rokinetic study of mixtures of colloidal particles of 

different composition and surface properties contribute to the 

understanding of the properties of such systems ( 3, 4). 

In this work, the selected mixtures of inorganic oxides 

( Si02, Al203), clay minerals and carbonates, and organic 

particles ( PS latices, fatty acids and amino acids), 

suspend'ed in aqueous solutions, represent the models for the 

studies of the interactions in natu1·al aquatic systems (5,6). 

Their electrophoretic mobilities were measured and related to 

the changes in the composit.ion of both the solid phase and the 

aqueous solution. The pH range of the solutions were defined 

taking into account the isoelectric points of the members of 

the mixed system. The concentration of the electrolyte ana 

other constituents (ligands) were determined according to 

their significance in natural waters, however, within the 

limitations determined by the technique used (PenKem S3000 

microelectrophoresis). 
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C-II7 
An Input/Output Flux for Lead in a Coastal Bay off Alexandria Region 

A.·R. ABDEL-MOATI 

Oceanography Department, Faculty of Science, Alexandria University (Egypt) 

As a consequence of the rapid increase in human population repre

sented as growing industrialization and activities in the adjacent 
coast of the eastern region of Alexandria coastal belt task of lead 

pollution has become a serious problem. For a better understanding 

for the behaviour and impact of lead on the living and non-living re
sources of the coastal region an overview on the levels and the input 

and output fluxes of the metal are presented in this paper. The rela
tive importance of the different sources of the metal as well as the 
e·nvironmental capacity of the system evaluated. 

Sediment at ion 

Cfo.JJt. 

Evaporation 

0.39 t. 

Outflow 
lS.L. t. 

Inflow 

1.5 t. 

Input/Output flux of Pb in Abu-Kir bay. 

Abu-Kir bay 1s a semicircular bay located 36 Km east ot Alexandria 

city. The area is about 360 Km
2 

with an average depth of 12 m. The 
bay receives 1400 x 10

6
m

3 
of brackish agricultural water/year, in addi

tion to 2 x 106 m3 /day of industrial wastes including textile, paper, 

dye and weaving, food processing and paper industries. Integrated over 
the bay area the annual rainfall and evaporation were 82 x 10

6
m

3 
/y and 

540 x 106 m3 /y, respectively. Assuming the mixing of the bay (of cons

tant volume) the whole year round as well as constancy of the residence 

t:ime of water, the annual bott~m input of the Mediterranean neritic 
waters to the bay is 19.43 x 10 m3 /y opposed by an outflowing surface 

water from the bay amounting to 21.1 x 10
9

m
3 
/y. The mean water residen

ce time is 2.5 months. 

Samples from 10 stations collected to cover the bay area 

for determination of dissolved (dithizone/chloroform extraction) and 

particulate (Tessier ~·, 1979) lead, followed by measurements 

using GFAAS. Mean blanks were 10 ± 1 ng/Kg, triplicates yield a preci
sion of ± 12% while extraction efficiency exceeded 92%. Analysis of 

NBS (standard River Material) shows 8% deviation while replicates were 
within 10%. Rain water and airborne dust were collected on 2 gas plat

forms (near and offshore) away from sea spray as possible. 

The mean· concentration of Pb in the bay was 658 ng/1 of which 
73% are in the particulate form. Both the concentrations of dissolved 
(range 47-630 ng/1) and particulate (range 208-916 ng/1) showed eleva
tions at the nearshore area. The standing stock of lead in the bay 
water was 2.84 tons. The in/output fluxes of Pb to and from Abu-Kir 

bay are represented in the box diagram. 

The main features of the lead balance are l) Despite the increase 

in the concentration of industrial derived Pb (8.4 pg/1), its magnitude 
is less significant than agricultural derived lead. 2) 40% of indust

rial lead is derived from raw textile wastes resulting from dyes used 

in finishing processes, 13% via electric power plant, 8% from paper 
industry, 5% through fertilizers industry, the rest distributed among 

waste water and organic chemicals. 3) Normalized to Pb/Al in crustal 
material lead is enriched (EF~l9.2xl0-S) in rain water. 4) The average 

airborne lead concentrations (1.8 pg/m
2
/day) is 6 times higher than 

those reported over central Alexandria city. 5) Atmospheric input 
accounts for 5% of the total lead input to the bay, the magnitude of 

which is masked by huge land-runoff derived lead. 6) The bulk sediment
ation rate of Pb (using sedimentation traps) was 95 Kg/y yielding 

high sediment concentrations (>64 yg/g) in the nearshore zone. 7) About 
0.6 tons of Pb are accumulated in the water system 30% of which were 

observed in phyto-and zooplankton. 8) The residence time for Pb was 
0.17 years. 9) Quantification of Pb derived from scrap metal during 
ships dismantling, expore to (CH3 ) 4 Pb and (C 2 H5 ) 4 Pb used as petrol 

ingradients and the use of Pb as an apticorrosive primer paint for 
ships, are hardly difficult. 

Assuming linear relation between loading and Pb concentration 
in the bay, the assimilative capacity of the bay amounted to 25 ton 
y-l /pg 1- 1 . 10% annual reduction in the present day load of Pb to the 

bay for about 11.2 years, leading to a reduction of 2.5 tons, will 

pass by Pb to a safe concentration limit of 100 ng/1. 
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According to classification of Whitfield and Turner (1987), 
toxic cadmium shows deep-sea profiles characteristic of the 
recycled elements. It is held in the organic matrix via sul
fur bonds. Price and Morel (1990) reported cadmium substitu
tion for zinc in the marine diatom Thalassiosira weissflogii 
and have attempted to explain cadmium surface depletion rel
ative to deep waters. 

Regarding inorganic particles,. we have shown that cadmium 
had very poor affinity for Si02 , Al 2o 3 (Bilinski et al., 
1976), for Mno2 (Bilinski et al., 1977), for bentonite and 
kaolinite (Bilinski et al., 1990a). Cadmium could be ad
sorbed on synthesized northupite (Van¢ina et al., 1986) and 
on calcite (Bilinski et al., 1990b). 

In the present work the primary interest is on the simul ta
neous interaction of cadmium and lead ions with calcite, 
which mineral is present in surface sediments in the Krka 
River Estuary. 

Cadmium and lead ions were added to natural water samples in 
low concentrations (8 x 10-8 M) to have solutions undersatu
rated with respect to CdC03 (s) and PbC03 (s). Adsorption 
isotherms of simultaneously and individuallY adsorbed cad
mium and lead ions show that the two ions do not compete for 
the same surface sites~ This fact can be explained comparing 
ionic radii and chrystallographic space groups of corre
sponding metal carbonates~ So, Ca2 + and Cd2 + have similar 
and Pb2 + has greater ionic radius ( r ( ca2 +) = 0. 99 A; r ( Cd2 +) 
= 0.97 A; r(Pb2 +J = 1.20 A). Calcium and cadmium carbonates 
crystallize in R3C space group. and show similar parameters 
of the unit cell (ASTM, 8-4.56 and 5-586) while lead carbon
ate crystallizes in Pmcn group (ASTM, 5-4.17). Behaviour of 
cadmium can be directly compared with one observed for zinc 
by z,.ch'"r'" et al. (1988). Zinc carbonate also shows R3C 
space group (ASTM, 8-449). Analogously to zinc ion, cadmium 
can exchange with calcium ion, present at the surface layer 
of calcite. As ca2 + and co3

2 - species have been identified 
as the only major surface ions on calcite (Thompson et al., 
1989), it can be concluded that lead ion adsorbs via surface 
co32 - group. 
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INTRODUCTION 

Saronikos Gulf receiving the industrial and domestic wastes of 
the greater Athens area is among the most polluted gulfs of Greece. 
In order to study the fates and pathways of trace elements in 
Saronikos Gulf. several sampling cruises were organised and a big 
number of seawater and sediment core samples were collected from 
several stations (See Fig. 1). The trace element content of the 
samples was determined by Instrumental Neutron Activation Analysis. 
The_ results obtained for three selected trace metals namely cobalt, 
ant1mony and z1nc, are presented and discussed. 

Figure 1. Sampling Stations 

DISCUSSION 

-The main pollution. sources of the trace elements studied are 
the Athens Sewage Outfall (ASO) and a big Fertiliser Plant (FP) at the 
entrance of Piraeus Harbour where the highest concentrations of Co. Sb 
and Zn in seawater and sediments were observed (See Tab. 1 and 2). 

-The settling of particles and floes in the area of the outfall 
is very effective in removing the bulk of these trace elements from 
the water column, since the-ir concentrations decrease with distance 
from the sources to reach those of unpo ]luted coastal regions at a 
distance of 5-7 Km. The rapid sedimentation was confirmed by the 
analysis of particulate matter which revealed that with the exception 
of the area close to the point sources where 15-25% of total Co, Sb 
and Zn were found to be associated with particulate matter. the bulk 
of the elements in seawater were in dissolved forms which constituted 
95-99% of their tot a 1 concentrations in the rest of the stations. 

-The concentrations of Co and Sb in seawater and sediments of 
Inner Saronikos were almost equal to those of the Open Saronikos. 
while the respective Zn levels were higher in the Inner Gulf. In the 
water column the high\lr concentrations were observed in swnmer 
samples. The following can be considered as typical concentrations for 
the waters of open Saronikos: Co: 0.090±0.014 1-'g/l, Sb: 0.23±0.11 1-'g/] 
and Zn: 4. 8±3. 0 11g/ 1. For the open Saronikos sediments the respective 
values are: Co: 9.2±0.41 1-'g/g, Sb: 0.43±0.13 llgfg and Zn: 83±5.8 IJg/g. 

-A distinction among the point sources was possibl.e by means of 
sediment treatment with 0. 5N HC 1. which extracts the "anthropogenic" 
fraction of trace elements (Agemian and Chau. 1976). It was found that 
40-60% of total Zn and Co were in extractable form in the sewage 
outfall cores, while in sediments affected by the fertiliser plant 
solid wastes (gypsum, pyrites, phosphorites etc) this fraction was 
much lower, ranging from 6-18%. 

-A correlation study among several trace elements and organic 
carbon in the "anthropogenic" fraction of the sediments revealed that 
the easily dissolved iron forms and the organic matter on recent 
particle coatings affect the distribution of Co, Sb and Zn in the 
Saronikos sediments. Furthermore. concerning the distribution pat terns 
of trace elements in polluted and not polluted samples. it was 
documented that Zn and Co in Saronikos Gulf behave in a similar manner 
with other trace elements of anthropogenic origin 1 ike Ag. Cr. V 
(Kalogeropoulos et al .. 1989). while Sb together with As consist a 
distinct group mainly as a resu 1 t of their distribution in the 
po !luted samples (Grimanis et a 1. , 1984; 1988) . 

TABLE 1. Cobalt, ant~mony and z1nc TABLE 2. Cobalt antimony and zinc in 
seawater (J...lg/1). Average values are given silt-clay fraction of sediments Cug/g). 
parentheses Average values are given in p~rentheses. 

AREA COBALT ANTIMONY ZINC AREA COBALT ANTIMONY ZINC 

ASO, FP 0.12-0.60 0.60-1.40 9.0-41 Fert:i liser 35-87 14-100 840-2100 
(0.22) (1.0) (19) Plant (54) (60) . (1520) 

Inner 0.03-0.18 0.16-0.55 0.5-19 Sewage 13-24 6.6-32 220-620 
Saroni.kos (0.10) (0.29) (10) Outfall (18) (16) (430) 

Outer 0.03-0.16 0.11-0.31 0.5-14 ·Inner 8.6-9.6 0.48-0.72 81-110 
Saronikos (0.09) (0.23) (4.8) Saronikos (8.0) (0.57) (91) 

Outer 7.8-10 0. 31-0.60 68-100 
Saronikos (9.2) (0.43) (83) 
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This paper reports data on dissolved and particulate mercury in seawater 
samples collected during two field studies in the sea region of the Gulf of 
Lions, performed in the frame of EROS 2000 project ( 1988-1989). 
As regards the study area, sampling station positions and notations, refer 
to the cruise and scientific reports prepared by Dr. Fauzi-Mantoura 
(Plymouth Marine Laboratory, UK) and by Dr. R. Ferrara j .A. Seritti (CNR
Istituto di Biofisica, Pi sa, I} respectively. 

EXPERIMENTAL 

Seawater was filtered on 0.45 JJm pretreated membrane filter (Sartorius 
SM11306) in a closed device, under nitrogen pressure. 
400 ml of filtered seawater were photooxidized for 15 min by means of a u .. v. 
immersion lamp {90 W), after an addition of 400 J.fl of an acid solution of 
KMNo4 • The ionic mercury was reduced by tin chloride and transferred on gold 
trap, as described elsewhere ( 1). Determination of mercury, electrothermallf 
desorbed, was achieved by an atomic fluorescence spectrometer. 
Filters containing particulate suspended matter, were mineralized with 3 ml 
of HN03 (Merck selectipur) in a pressure digestion system for 2 hours at 
160°C. Mercury was determined as described for the dissolved form. 

RESULTS 

Table 1 and table 2 show the mercury concentration measured in the studied 
area during the two cruises. 

From tRe tables it appears that the mercury levels are quite low and 
comparable with those measured for other areas of the Mediterranean basin 
(2,3,4), with the exception of the sampling station 8, where values are very 
high with respect to the mean value of the other stations~ No variation of 
the metal concentration was noted as a function of the depth and in function 
of the season of collection. 

Rather low values for the mercury associated to the particulate matter have 
been observed in the station 25 at about 40 miles from the coast. 

St Depth LatN LongE Hg D St Depth LatN LongE Hg D 

MAS 5 43 03.6 04 50.2 3.2 MC2 25 42 22.6 04 01.9 3.0 
MAS 20 5.3 MC3 21 42 45.0 04 19.9 4.2 
MAS 40 6.1 MOl 31 42 51.9 03 41.9 3.0 
MAS 71 4.7 MD2 20 43 01.3 04 04.9 3.6 
MAS 89 3.9 MEl 43 24.3 04 01.1 4.7 
MAS 105 5. 3 ME2 43 18.8 04 25.4 4.1 
MA6 3 43.17.3 04 50.6 4.9 MFl 42 44.4 06 00.6 4.9 
MA7 43 12.8 04 49.6 4.2 MF2 40 42 SS.2 05 37.8 2.8 
MAS 43 07.5 04 48.6 17.4 MF3 50 43 03.0 05 19.6 5.7 
MCl 25 41 59.9 03 36.7 7.9 MF4 5 43 10.6 OS 07.3 4.8 

Table 1 - Dissolved mercury concentration in seawater (ng/1); Depth (m). 

St Depth LatN LongE HgD HgP St Depth LatN LongE HgD HgP 

04 0 43 24.3 04 00.7 4.4 0.4 18 0 43 02.6 OS 02.9 3.8 0.7 
04 2. 7 18 S.l 
04 16 7.5 0.1 18 15 S.l 
04 25 4.S 0.1 18 55 5.5 

18 145 5.7 0.9 
OS 0 43 20.3 04 17.9 4.8 8.4 18 295 S.4 o.s 

08 0 43 1S.9 04 57.4 13.6 13.3 20 0 41 45.4 OS 37.1 19.1 0.3 
08 13.5 2.4 
08 10 10.3 1.9 25 42 27.1 OS 18.3 S.2 
08 20 
08 45 
08 70 

7.1 1.3 
21.5 4.4 
19.4 4.5 

09 0 43 13.S 04 il.l 8.5 3.9 

10 0 43 08.7 04 29.9 4.3 1.7 

11 0 43 02.4 04 09.2 4. 7 1.3 

12 0 42 53.0 
12 
12 20 
12 50 
12 70 

03 40.6 7. 5 
8. 7 
8.2 
6.1 
4.8 

1.5 
3.5 
1.5 
2.6 
0.6 

25 
25 10 
25 25 
25 35 
25 50 
25 75 
25 100 
25 150 
25 300 
25 480 

Samples in front of 
A 0 

0 

4.1 0.2 
3. 7 0.2 
s. 7 0.8 
5. 7 0.1 
4.2 0.8 
5.1 0.2 
5.2 0.3 
4.2 0.2 
4.3 0.2 
3.3 0.2 

Rhone estuary 
4.9 0.6 
6.6 0.5 
4.5 1.2 

Table 2 - Concentration (ng/1) of dissolved mercury (BgD), mercury 
associated with particulate suspended matter (HgP) in seawater. Depth (Ill). 

These data confirm the difficulty of finding an explanation for the problem 
of the high mercury concentrations in pelagic fish in the Mediterranean 
basin, as the concentration measured in the Mediterranean are quite 
comparable to those in the oceans ( 5) • 
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Research studies concerning the mercury cycle in the Krka River Estuary have 
been carried out since 1983. Preliminary results showed relatively low mercury 
levels in sediments and mussels Mytilus galloprovincialis from this area (1). 
The mercury levels in estuarine water and seawater are comparable with the 
values found recently in unpolluted coastal areas and open ocean waters (1). 
The vertical distribution of mercury concentraction in this highly stratified estu
ary indicates the mercury accumulation at the fresh/saline water interface 
(1 ,2). A proportion of organic mercury in various samples has also been mea
sured. The methylmercury was found in sediments, mussels and fish. but not 
in water (1). Further investigations will be focused on the study of mercury 
speciation in water, especially at the fresh/saline water interface. 

During 1988 and 1989 distributions of reactive and total as well as dissolved 
and particulate mercury in estuarine waters were investigated. Reactive mer
cury-(Hg)R concentration measurements represent those Hg species that are 
readily reducible by SnC12 in acidified water. It is composed of dissolved inor
ganic Hg species; certain mercury associations with organic ligands and in un
filtered water sample the mercury which is easily leached from particulate 
matter. Total mercury-(Hgh refers to the amount of.Hg measured after UV
photochemical destruction of samples and will also include stable organomer
cury associations. It was found that the reactive mercury in unfiltered water 
generally corresponds to the values of the dissolved mercury fraction. This is 
in accordance with the fact that the dissolved mercury was mostly inorganic, 
both in fresh and saline water. A positive correlation between the difference of 
total and reactive mercury concentrations and quantity of suspended matter, 
as well as with the concentration of particulate mercury has been found in un
filtered estuarine water. From this it can be concluded that particulate mercury 
is predominatly bound in organic complexes. 

In the deeper saline water layer, over 80 % of the total mercury is reactive Hg. 
However, this percentage changed in the upper layer, depending on hydro
logical and/or biological conditions. For example, the portion of reactive mer
cury in unfiltered samples from the upper layer at the low river discharge 

Table 1. Concentrations of reactive and total mercury (ng dm-3) in un-
fiHered samples from the upper water layer (0.5 m) of the Krka 
River Estuary 

January 1989 (0=16 m3 s-1) July 1989 (0=51 m3 s·1) 

L(km)a S(%o) (Hg)R (Hg)T %(Hg)R S(%o) (Hg)R (Hg)T %(Hg)R 

0 

4 
10 
17 
22 
32 

0 

3 
10 
16 
25 
38 

0.3 

0.7 
0.4 
1.3 
1.1 

0.8 

0.8 

0.7 
0.7 
1.9 
1.4 

0.9 

38 

100 
57 
68 
79 
90 

0 

2 
5 

14 

38 

0.3 
0.1 
0.1 
0.2 
0.1 
0.3 
1.2 

a Distance from the begining of the estuary in seaward direction 

1.0 
0.5 
0.9 
1.0 
1.2 
1.5 
1.2 

30 
20 
11 
20 

8 
20 

100 

(January 1989) was significantly greater than at the high river flow in July 1989 
(Table 1), reflecting the influence of hydrological conditions. 

Speciation of mercury along the vertical water profile showed a minimum of the 
particulate mercury at the interface of fresh and saline layers. This finding is in 
accordance with the presumption that. particles accumulated at the interface 
(3) release mercury owing to dissolution as a result of increased salinity 
(aglomeration of organic matter, competition of macrocations and complexa
tion by chloride). 

Further investigations on the mercury speciation in water will contribute to a 
better understanding of the biogeochemical cycle of mercury in stratified estu
aries as well as of mechanisms regulating mercury behaviour at the boundary 
conditions which are prevailing at the fresh/saline water interface. 

1. Mikac,N., Kwokai,Z., May,K. and Branica,M., Mar.Chem. 28 (1989) 109. 

2. Kniewald,G., Kwokai,Z. and Branica,M., Mar.Chem. 22 (1987) 343. 

3. Zutic,V. and Legovic,T. Nature 328 (1987) 612. 
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(Egypt) 

.. Soil and Water Science Department, Alexandria University (Egypt) 
... National Research Centre, Cairo (Egypt) 

A chemical speciation study for the bottom sediments of the 
coastal belt off Ale>·:andria has been conducted for 
iron, manqanese, zinc, copper and lead. The purpose of the search 
is to demonstrate in which forms these metals are chemically 
associated, as well as~ to differentiate between the residual 
metals (natural background) and non-residual ones (man-made 

sources of pollLition). To acheive these objectives, twelve 
bottom samoles were collected along the coastal water off 

JNctlon ~~~~· eua.ta ~~~~ Nduct•l• Organic Mtter Jlasfdual 

b (CARl) EASR> <ORGSl <RESD> -- -· -- -· ......... ·- ...... ; .......... -- !.-,. 8.17-22.2 12.97 a.f.t-37.72 24.65 16.29-D.Il!i ZS.24 lS .• li.!l!i ZS.Z4 997.5!HJII1.!15 1482 
lie U•-2.2 1.48 6.5-14.3 9.'/9 :u-18.8 4.11 N.D.-t.ll!i 1.85 85-166.3 1ZS.58 
Zl 1.1-2.2 1.'19 4.!1&-21.1 9.1l!i N.D.-4.35 Z.Tl U.-4.35 2.17 25.83-93.73 48.83 
c. u.-3.56 1.31 3.1-5.88 Uf N.D.-2.2 8.43 U.-5.?5 1.46 5.73-39.1l!i 14.11 .. N.D.-7.52 2.69 6.25-22.5 11.82 N.D.-12.5 4.89 II.D.-7.58 1.34 27.29-65.8 48.5 

•lot JetecW. 

Alexandria c1ty. Followin•;::, the procedures described by Tessier 
et ·al. (1979) and Rapiri and Forstner(1983), the suspensions of 
fine fraction sediments (0.250-0.125 mm) were· sequentially 
fractionated to determine the levels of different metals in the 
followin•:;J qeochemical fractions: e>:chanqeable <EXCHl, carbonate 
<CARB), easily reducible <EASR). orqanic matter including 
sulphides (QRGS) and residual <RESDl. The total metal contents in 
sediments <TOT) was determined after diqesting the sediments with 
concentrat"'d HN03. pH, or•;)ani c carbon, total carbonate and Fe-Mn 
oxid"'s were estimat"'d for correlation with the different forms of 

!leta I Ralfll Average 

Fe 1457.8-3813.4 2296.4 
lin 125-288 182.29 
Zn 48.93-148.23 74.56 
Cu 16.118-62.88 29.42 
Ph 43.23-127 .z 71.52 

metal associations. This study revealed that the recorded hi·;)h 
1 evel s of metals obsrved in the i nvesti •;,a ted area are due to 
natural phenomena, as well as anthropoqenic inputs. The levels 
of different metal e:<tracts, and the total metal concentrations 
ar"' shown in tables 1 and 2. Results showed that the recorded 
levels of the examined metal fractions are represented in the 
following s"'qLtence: RESD >EASR=ORGS >CARB >EXCH for iron, 

RESD >CARB >EASR >ORGS >EXCH for mano;::,an ese, 
RESD >CARB >EASR >ORGS >EXCH for zinc, 
RESD>CARB>ORGS>EXCH>EASR for copper 

and finally RESD>CARB>EASR>EXCH>ORGS for 1 ead. 
The characteristic hiqh content in the residual fractions for the 
different metals emphasises the stronq i nf l Ltence of water 
discharge and sediment influ>< from the river Nile into the 
Mediterranean Sea <UNEP,1984). This mean that. considerable 
amounts of heavy metals are transported naturally into the 
Mediterranean as bacb~round contri bti ons. Amon•;, the non-residual 
metal frac:ti ons" the carbonate associ a ted metals showed 
noticeably hiqh . concentrations of Fe~ Mn, Zn~ Cu and Pb in 
comparsion with the other e:<tractions. This could be attributed 
to the prevalence of carbonate materials in the i nvesti qated 
area<El-Wakeel and El-Sayed, 1978; Nasr et al.1988 and 1989) which 
offer favourable conditions for the heavy metals to be associated 
with them. The non-resi dLtal metal forms (man-made sources) 
represent 5. 88Y. of the total e:·: tractable ft•acti ons for 1 ron, 
12.85/. for manganese, 25.44/. for zinc, 38~98/. f~r copper- ~nd 
31.06/. for lead. These fio;::,ures reflect a qLute ev1dent pollut1on 
with zinc, copper and lead in the investi,;.ated ar-ea~ Correlation 
matri:·< has been carried out to hi•;::,hlio;::,ht the interrelationship 
among different studied parameters. 
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Uranium is a member of the Sf (actinide) . series of elements. 
all of which have a pronounced inherent sensitivity to the 
redox state of the environment. There are six well defined 
oxidal;(ion states of uranium which occur in nature. In the 
marine environment, including the complete vertical water 
column from the surface layer of the ocean down to the bot
tom sediments. three oxidation states of uranium - U(IV). 
U(V) and U(VI) - can coexist. In oxygeneted seawater uranium 
is associated with the carbonate ion forming the very stable 
uo2 (co3 ) 3

4 - complex. This results in the rather high dis
solved uranium concentration in the ocean, the average val
ues being 3.3 ug L - 1 (Chen et al .• 1986). In the euphotic 
zone o1' the ocean, mixed complexes between uranium, carbon
ate and peroxide may be significant (Djogi~ and Branica. 
1990). 

In sedimentary Processes the uranyl species are reduced to 
lower oxidation states and are incorporeted into insoluble 
uranium minerals or bound to particulate organic metter .. The 
problem of the solid(s) limiting the solubility of ur .. nium 
in seawater, and thus also its concentration, remains un
solved and minerals such as uraninite,. schoepite, haiweeite 
and others have been deemed responsible as the solubility 
controling solids. Under all circumstances. the oxidation 
state of uranium depends on the stability of reduced uranium 
species. which involves complex redox equilibrie and pro
cesses sensitive to system parameters such as Eh-pe, pH, 
concentration of dissolved and particulate organic matter. 
free radical activity and degree of enoxia. 

In the transitional suboxic/anoxic layers of the water col
umn. particularly if the oxygen/hydrogen sulfide interfece 
is involved. uranium(V). i.e. uo2 + species are thermodynemi
cally stable (Langmuir. 1978; Kniewald and Brenic ... 1988). 
However, at the PH o1' seawater,. the disproportionetion reac
tion of U(V) into the (IV) and (VI) oxidation stetes is a 
feedback process resulting in a "dynamic disequilibrium" be
tween dissolved U(VI) and U(V) species and U(V) precipite
tion. 

The geochemical equilibrium computer code MINTEQ (Felmy et 
al.. 1984) was used to evaluate the thermodynamic likelyhood 
of various uranium redox reactions under conditions o'f low 
Eh prevailing in reducing marine environments. The two prob
able mechanisms o-r reduction are: 

a) reduction of dissolved uo22 + to dissolved uo2 ... involving 
a kinetic equilibrium between the disproportionation re
action and the precipitation of insoluble U(V) end U(IV). 

Preliminary investigations of U02 + formetion in seaweter. 
using visible and ultraviolet spectrophotometry yielded 
encouraging results and provide evidence thet even dis
solved U(V) species (the uo2 + cationic complex) is a 
probable redox species to be encountered in suboxic me
rine milieus. because the reduction from uo22 + to uo2 + 
involves no structural changes of the uo2n+ (n = 1 or 2) 
ion. 

b) binding of U(VI) to particulate/suspended orgenic metter 
(such as humic material) and its subsequent reduction to 
the less soluble redox species of U(V) and U(IV) during 
early diagenetic stages. This reduction process mey teke 
place at the solid/liquid interface. either in suspension 
or in the sediment proper .. 

Nonetheless, a combination of these mechanisms is also pos
sible and will obviously depend on the prevailing redox po
tential of the environment. supply of DOM and POM. structure 
and texture of the sediment, dynamics of water exchenge as 
well as the activity of anaerobic microorganisms. 
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An Account of the Levels of the Dissolved and Particulate Trace 

Metals in the Amvrakikos Gulf 

M.-J. SCOULLOS, M. DASSENAKIS, C. ZERI, K PAPAGEORGIOU and P. DAGRE 

University of Athens, Department of Chemistry, Navarinou 13A, Athens (Greece) 

The Amvl"aklKos Guit. trom ecological and fisheries paine of view, 
of the most important coastal areas of Greece. It is a basin of 455Km"' 
with max depth of 60m, surounded by lagoons receiving the -outflow of two 
r1vers. It is connected to the Ionian Sea through a narrow (500m width) 
and shallow {10m depth) natural channel. Virtually nothing is known 
about the metal levels in its waters apart from a preliminary report of 
our group. fScoullos et al. 1986) 

Dissolved Metals 

figure 1 

The purpose of the present paper is to estab 1 ish average seasonal !eve ls 
of Cu,Zn,Pb and Ni as they were obtained from a grid of 15 stations 
sampled during a five year period (1982-1986). (fig. 1. 2) 

Particulate Metals 

i~t±J:d 
10182 5/83 7184 5/85 7/85 

·~ ~~ ~- ·~ figure 2 

Seawater samples were collected using polypropylene lOS bottles and 
plastic coated steel wires. The samples were filtered through 0.45~ 

Mill ipore filters which were treated in PTFE covered beakers with cone. 
HNO.,. whereas dissolved metals were pre concentrated on Che lex-100 resins 
using a slight modification (Seoul los and Dassenakis. 1984) of the Riley 
and Taylor (1968) method. The metals were determined by flameless AAS. 
From the five samplings presented here one represents autumn (October 
1982), two represent spring (May 1983 and 1985) and two summer (July 
1984 and 1986). 
The most prominent characteristic followed by all metals is the autumn 
maximum of their concentrations, particularly of the dissolved species 
of Cu. Pb and Zn and the particulate phase of Pb and Ni. This phenomenon 
is attributed to the breakdown of the very stable thermocline which 
enriches the entire water column with metals accumulated in the near 
bottom layers throughout spring and summer and also to the contribution 
of washout of the land and the atmosphere after the first rains. 
The two spring samplings offer in general comparable levels of dissolved 
Pb and Ni. particulate Pb and total Zn although the percentage contribu
tions of the two phases differ. The spring 1985 Cu concentrations, how
ever, were significantly higher than those of the same period of 1983, 
influenced mainly by much higher !eve ls observed in the deeper 
waters. (fig.3). 

40 
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figure 3 
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The summer sampl1ngs of 1984 and 1986 also prov1de comparable levels for 
most metals (e.g. in ppb, for total Cu ~1.05 and 1.06; Pb=0.43 and 0.58; 
Ni=4.3 and 3.3 respectively) whereas for Zn the 1984 value 7.4 ppb is 
nearly double of the 1986 one (4.0 ppb). 
It is noteworthy that due to the morphological characteristics of the 
gulf a prominent stratification prevails already in May_ The density 
gradients allow the surface waters to flush out rapidly, whereas the 
deep water mass is trapped in the gulf for long periods. The accumula
tion of all metals below the thermocline is clearly demonstrated during 
the summer. 
The percentage contribution of the dissolved phases to the total 
significant (50-70%) for all metals mentioned above. 
In the 1984 sampling some extremely high values were observed at sta
tions of the western part of the gulf influenced directly by the town of 
Preveza and the I ani an sea. 
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C-III2 
General Trends in Trace Metal Distributions of Louros Estuary 

Sediments 

M.-J. SCOULLOS, M. DASSENAKIS, C. ZERI and M. RAPT! 

University of Athens, Department of Chemistry, Navarinou 13A, Athens {Greece) 

The estuary of the r1ver Louros is located within the semienc lased Amv
rakikos Gulf which is connected to. the Ionian sea, in the north-western 
coast of Greece. Previous works on metals in the estuary . are scarce. 
(Scoullos et al. 1986, 1988) The present paper surrunarises our results on 
trace metal studies in the Louros river estuary from a trench of 15 
stations extended from a site within the river located approximately 30 
Km upstream from the river mouth to a station placed 4 Km offshore. 
Station 1 is clearly a riverine one and no traces of saline water were 
determined during the samp 1 ing. Station 16 could be considered as a 
mar1ne one. whereas at station 2 in a distance of 5. 5 Km a very thin 
layer of saline water S%.~25.6%. was observed near the river bed. 

, .. j 

~ I 

~ 
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Fe o/oo 

Iron - Chromium Correlation in Surface Sediments 

Sediment samples were collected by using a Mackereth (1969) minicorer. 
All chemical treatments were performed on the <61 ~m sediment fraction. 
The samples were treated with cone. HNQ. in PTFE beakers and for the 
extraction of the labile metal the samples were leached for 12 hours 
with 0.5 N HCl (Agemian and Chau. 1976). The carbonate content was de
termined as a weight difference before and after the HCl leaching. Orga
nic carbon was determined by using the Gaudette et al (1974). method. 
The carbonate content of the sediment is relatively stable and high 
fluctuating around 30%, whereas the carbon content in the upper part of 
the river (st 1) is around 0.6 % and in the intermixing zone around 2.3% 
The relative invariability in the concentrations of several metals (Fe, 
Cr. Nil extracted by diluted HCl could be attributed to a significant 
contribution of the Fe. Cr and Ni connected with carbonates 1n the1r HCl 
extracted fraction throughout the estuary. This is not the case for a 
series of other metals such as Pb, Cu. Mn. Cd and Zn which show an 
important variabi 1 i ty and in general higher values in the riverine sta
tions and the upper limits of the intermixing zone and a relat1ve de
crease in the area around the si 11 and the mouth of the river. The 
concentrations tend to increase again offshore. a tendency also followed 
by Cd. This indicates that considerable percentage of extractable forJ?S 
in the river mouth area, is not related with carbonates but are coprecl
pi tated and trapped with organics etc. 
The HNQ. extractable Mn.Cu and Pb follows the same distribution as their 
HC 1 extractable fractions. The even distribution of the difference 
MeHNo"'-MeHc 1 might reflect a relative homogeneity of the mineralogy of 
the sediment. for the above mentioned metals. within certain limits. _ 
It is noteworthy that the HNQ. extractable fraction of Fe. Cr and N1 
varies considerably from station to station. Considering the intereleme--:
ntal ratios one could identify good linear corelations between Cr. N1 
and Fe a feature rather common in many estuaries. 
This correlation is not followed. in a group of stations where Fe has 
particularly high concentrations (Fe>25%ol. _ In the same envelope, sta
tion 20, (Tsope 1 i lagoon) is included ind1cating that the g1ven _sed~
ments (st. 2,4,7.13,15) are most likely influenced by sediments r1ch 1n 
FeS, formed in the adjacent lagoons and finding their way to the river. 
The good correlation with Fe is also followed by Zn and Cu. 
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11ents.A.naivst,101:761-767.Gaudette,H.E.,Fltght,W., Tones,L.andFolger.D.l974.Antnexoensive tltrattan 
11ethoa for the aeterunations of organic carbon 1n recent seGuents. J.Seou.Petroi .. 44:249-253. Scoullos, 1'!. 
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Zooplankton Grazing in the Inner Part of lzmir Bay 

.Baha BUYUKISIK 

Ege Universitesi, Fen Fakultesi, Biyoloji BoiUmil, Hidrobiyoloji Ana Bilim Dali, Bornova, lzmir (Turkey) 

ABSTRACT:Chlorophyll-a and phaeo-pigment concentrations were measured 
at one station through the year in the inner part of Izmir Bay which 
has been polluted. It was tried to obtain the information about the 
zo·oplankton grazing. The phaeo-pigment concentrations had shown that 
the grazing only was unimportant during March diatom bloom and was 
important during the other phytoplankton blooms in April,June and 
September. 

INTRODUCTION: Chlorophyll-a concentrations in the seawater have been 

used as a measurement of phytoplankton biomass ( YENTSCH, 1966) . Phaeo

pigment concentrations have determined the zooplankton grazing 

(YENTSCH,1965) .At the pH of digestive track ,the phaeo-pigment have 

been formed releasing Mg atom from the chlorophyll-a of phytoplankton 

which is taken by filtration of herbivor zooplankton (LORENZEN, 1967). 

LORENZEN( 1967) had reported that bacterial effect on the chlorophyll-a 

was unimportant and phaeo-pigments have been formed as a residue of 

zooplankton grazing.The aim of this investigation was to state the 

fluctuations of phytoplankton biomass and zooplankton grazing activity 

through the year. 

RESULTS & DISCUSSION:The trends of the nutrients and pigments were 

given in the figure l.Total inorganic nitrogen decreased to minimum 

levels from January to March,April and phytoplankton biomass also 

followed the same trend.As a result of the bloom of phytoplankton in 

fall ,phytoplankton biomass decreased with the effect of decreasing 

the level of nutrients .This situation fits well the reports 

before(BtiYUKISIK,1988). 

In March, low phaeo-pigment concentrations comparing chlorophyll-a 

indicated that the grazing on the diatom bloom were relatively 

~nimportant . It is probably due to the low water temperature which may 

caused decreasing activity of zooplankton. 

Increased phaeo-pigment concentrations in April, June and September 

reflected the effect of zooplankton grazing on the phytoplankton 

community ,although it was not coincident to this condition 

regularly. The growth of phytoplankton had been also affected 

positively by increased turnover rate due to the direct regeneration. 

SOr-----------------------------------------,35 
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Figure l. Monthly fluctuations of chlorophyll-a(lJ,g/1.) ,phaeo
pigments(]..Lg/1.) ,Total Inorganic Nitrogen (J..Lg-atN/1.) and reactive 
phosphate(lJ,g-atP/1.) .TIN and pigments were explained on the left scale 
and phosphate on the right scale. 
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Fluorescence Characteristics Due to Phytoplankton Chlorophyll and 

Optical Transparency of Northeastern Mediterranean Waters 

A. YILMAZ, D. EDIGER, A.-C. SAYDAM and 0. BASTURK 

Middle East Technical University, Institute of Marine Sciences, Erdamli-lcel (Turkey-) 

In sl tu fluorescence and light data together with the hydrological data collected during 
the two expeditions (July 1988, March 1989) to Northeastern Mediterranean are presented 
and discussed. Continuous in situ profiles of fluorescence could be particularly 
valuable for estimating biomass and productivity in coastal waters where parti"culate 
matter nnd Gelbstoff limit the use of satellite imagery (Mackey,et a1.,1989). 
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Figure 1. Calibration curve of in situ 
fluorescence and extracted 
chlorophyll-a <The data from 
The Sea of Marmara and The 
Black Sea were influnced for 
extra support> 

Calibration of fluorescence against ch-lorophyll-a determined on discrete samples 
collected from depths was performed and extracted chlorophyll concentrations were well
correlated to chlorophyll fluorescence <Figure !) by a linear equation of: 

Chll-a = 4.85 <Fluo) + 0.32 (n=390), 

Subsurface chlorophyll-a maxima observed in the NE Mediterranean <Y1lmaz et al., 1988; 
Saliho~lu ef al., 1989) was clearly and statistically confirmed by in situ fluorescence 
data. As summarized in Table 1, max fluorescence due to chlorophyll-a was measured 

Table l. Relative Surface Fluorescence<SFl, ·Maximum Fluorescence Intensity 
(Mfl), Depth of Maximum Fluorescence (DMFl and Depth of Zero 
Flourescence <DZF) in the Northeastern Mediterranean 

July, 1988 March, 1989 
Min. Max. Ave. Min. Max. Ave 

F (X!0-2 , arbitrary uni tl 0 5 2 <n=63) 0 14 5 <n=40) 
MFI< " ) .3 10 5 <n=61) 7 34 14 (n=40) 
DMF (m) 57 120 88 <n=59) 10 88 52 <n=40) 
DZF (m) 57 135 113 (n=57) 70 130 104 <n=41) 

deep as 120 m and the max depth of zero fluorescence determined as 135 m. The de th of 
max fluorescence is more deeper in summer than the depth measured in earl p i 
because of light inhibition. On the other hand the quantitative fluorescence v;;_u:~r a~~ 
relativ_ely higher in spring since the bloom time is determined as February-March in the 
NE. Mediterranean. The deepest 1 :4 light transmission was measured as 120 m <average 
being 105 ml in the region so the euphotic zone is thick and the photosynthetic activity 
IS observed in the deeper parts of euphotic layer. 
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Continuous in situ profiles 
of relative fluorescence and 
light penetration at selected 
stations in the Northeastern 
Mediterranean 

Some specific examples of deep chlorophyll-a maxima which were obtained by continuous 
fluorescence measurements in the water column and the vertical 'profiles of light 
penetration are illustrated in Figure 2. As is se"n from the figure there is no match 
with pycnocline and the max fluorescence (summer examples). Euphotic layer is 
hydrologically homogeneous due to the presence of convective mixed layer caused winter 
cooling in March examples but still the deep fluorescence peaks were clearly observed. 
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C-IIIs 
Trace Elements in Mytilus galloprovincialis LMK from Sozopol and 

Nessebar Areas, Bulgaria 

S. STAMOV• , I. SLAVCHEVA• and S. ZLATANOVA .. 

•Higher Institute of Chemical Technology, 8000 Bourg as (Bulgaria) 
•Fisheries Institute, 8000 Bourgas (Bulgaria) 

INTRODUCTION 

During the period 1988-1989 the study [11 was continued to 
determine some trace elements in Myti lus qalloprovin•ial is Lmk. from 
Sozopol and Nessebar (Bulgarian Black Sea coast>. Samples cultivat.ed 
(suspended culture> and rock mussels were taken seasonally and anec.ly~ed 
ror Cu. Zn. Pb and Cd concentrations. In Oct.ober 1988 quantit.at.Ive 
determinations of tour samples were made for other- 9 met.als. 

MATERIALS AND METHODS 

The preliminary preparatior, of the samples was carr1ed out- 1n 

accordance with the methodology recommended by FAO l2l. Appt-oxirnately 
2g of' mussel meat, homogenized and dried at. 105"C was weighed wit.h an 
analytical balance. placed into a quat-t.z glass and 15 rnl concent.rat.ed 
solution of' HNOa was added attentively. In 24 h the mi><ture was 
vaporized on a sand bath up to the volume of 5-E. ml and then 5 ml of 
HCl04 was added to the solution and again vaporized up to t.he same 
volume. The solution obtained was placed into a 50 rnl beaker and 
bidistillated water was added up to the mark. The samples were analysed 
by a AAS "Perkin Elmer 2380" in gt-aphite furr.ace HGA - 400 applying the 
method of' a standard addition and 0.5/. <NH4l2 HPO"' as a mat.rix rnodifiet
in Pb determination. 

The same technique following an extraction or t.he analysed 
elements with APDC and MIBK was used to determine othet- 9 rnet.al 
components in 4 mussel samples (October 1988>. 

RESULTS AND DISCUSSION 

In Table 1 means of trace metal concentrations >n 13 samples 
cultivated and rock mussels, are g1ven. 

The concentratior. vaFiat.ions of those element-s in cult-ivated and 
rock mussels from Sozopol and Nessebat· areas were comparable w1 t.h t.he 
reproducibi 1 i ty of' the anal yt1cal method. The relat.I ve st.andard 
deviation 7 Sr (n=5) for the concentr-at.iorrs present.ed does not exceed 
10/.·. 

Table I. Means of' trace element.s concentrat-ions in ~.Y..tilt•s 
salloprovincialis Lmk rrorn Sozopol and Nessebar 
mussel farms, 1988 -1989 *l 

Period Average concentrations !m9lkg dt-y weight.) 
Cu Zn Pb Cd 

1988 I X 18.0 93.6 12.3 1.9 
1989 I II 9.7 102.1 11.0 1. 7 

IV 9.9 (12.8) 91.7 <138.3) 6.3 (7.91 1.3 
X 16.3 (18.1) 99.0 (125.4) 8.6 (8. 7) 1.4 

XI 8.1 83.2 

(2.0) 
(1. 4l 

*) In parentheses concentrations of trace elements 1n rock mussels 

The following concentrations (mglkg dry weigh) were focmd fot· the 
trace elements in October samples (1988J; 27.2 ± 5.3 fm- Bi, 7.0 ± 0.7 
f'or Ni. 13.7 ± 2.2 f'or- Mn, 2.8 ± 0.4 for Co, 338.4 ± 32.9 for Fe, 
18.2 ± 3.5 f'or Ba. 15.0 ± 2.8 for Cr. 30.2 ± 5.8 fm- Mo and 48.3 ± 9.4 
for V. 

In comparison with the concentrations previously determlned7 t.he 
new analyses showed increased values for- Cu7 Zn,. Pb and Cd in mussels 
attributed likely to increased total pollution of t.he Black Sea area 
during the period of study. The comparative resc1lts for cultivat.ed and 
rock mussels <regarding a definite mussel farm & season) indicate 
higher concentrations for rock mussels. The increased values for t.race 
elements in cultivated mussels !spring generations 1988) in October 1988 
and February 1989 is attributed most.ly t.o highet· concer.tt-ations of 
:t.hose components in the sea water along t.he coast in 1988. It should be 
noted that the concntratior.s of the analysed element.s at-e hio;;~her in the 
samples, collected in Oct.ober 1988 and 1989. 
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Spectral Characterization of the Romanian Bottom Black Sea 
Sediments Contaminated by 137 Cs 

lulia I. GEORGESCU and Aurealia MEGHEA 

Polytechnical Institute, Faculty of Chemical Technology, Bucharest (Romania) 

ABSTRACT. Bottom sediments sampled on the Romanian Black Sea coast, by 

X-R diffraction, EPR (Electronic Paramagnetic Resonance) and IR (Infra

Red) spectra were investigated in view to explain the higher accumula

tion of 137cs in front of Portitza site Razelm lagoon. 

INTRODUCTION. The aim of this research is to carry out the investiga

tion on the mineralogical nature of the silty clay sediments sampled 

on the bottom of the Black Sea Romanian coast, aerobe oxydo-reduction 

zone. This in view to explain the higher accumulation of 137 Cs 30 y im

portant by its accumulation in the biota, especially at Portitza Ra

zelm lagoon,very rich in fishing activities,The chemical·composition 

with the grain size as we 11 as with the retention and exchange of man 

made radionuclides between crystalline lattice and the soluble form of 

the radionuclide in water, in previous paper has been discussed· (_1~2). 

MATERIAL AND METHODS. Marine sediment samples were collected at 45o08~N 

29°57'E to 44°08'N, 28°57'E coordinates, offshore 13.2 to 17.3 marine 

Miles at Portitza. Other characteristics at Portitza: liquid discharge 

of Danube river, Q=6830 m3 js, on the bottom sea water tempera-ture t " 

6.5°C, water salinity S=l8.23%., flow current V=8 cmjs, direction a= 

100°. • The grain size of the silty clay was 70 +80 11m. The dried sedi

ments at .l05°C were submitted to the following investigations: X-ray 

diffraction carried out by a TUR M-72 installation with the CuKa radi

ation, EPR (Electronic Paramagnetic Resonance) by means of a EPR Spec

trometer ART-5 !FIN-Bucharest type with X-band frequency and IR (Infra

Red) spectra registered in the band of 200-4000 cm-1, making use of a 

PERKIN-ELMER apparatus type, the samples being packed in KBr. 

RESULTS AND DISCUSSION. 

- In TABLE 1 are included the results concerning the mineralogical 

composition of the bottom sediments sampled during June 1989, establish

ed by X-ray diffraction. It is to be outlined only at Portitza.site in 

the silty clay are to be found the highest content of ilUte, but lower 

content in calcite, favorable to accomodate in the crystalline lattice 

the Cesium ions. On the other hand, by INAA analysys only in this re -

gion 8 ppm of stable Cs was found (3). It is known the radionuclide 

follows the pathway of its stable counterpart. 

TABLE 1. Identified minerals by X-Ray diffraation in bottom sediments 

of the Romanian Blaak Sea aoast. 1989 

Sample e-Quartz Calcite Illite Kaolinite Feldspath 

Sulina + + + + + 

St. Gheorghe + + + + 

Portitza + + + + + 

Constantza + + + 

- From IR spectra the following conclusions can be drawn: the cal

cite (~3 = 1460 cm- 1 and ~2 = 710 cm-1 ) in the sample is decreasing as 

follows: Constantza > Sf. Gheorghe > Sulina > Porti tza. Lower content in 

calcite at J?ortitza explains higher·concentrat:Lon of Cs and l37cs, The 

illite was identified (~Si-O-Si, Si-O-Al at ~ = 1020-1100 cm-1 and 

o = 420-520 cm- 1 , while Kaolinite at ~ = 36oo·cm-l, The illite is pre

sent at every sampling station also more concentrated at Portitza.By IR 

spectra it wll.S not be observed the characteristic vibrations of any or

ganic pollutants :Ln the samples, 

- EPR spectra shown the Fe 3 + and Mn 2 + ions. The highest content of 

Fe
3

+ about 4% (3) is related to illite presence. The presence of cr3 "" 

is also discussed. In all sediment samples except those of Constantza, 

the EPR characteristic signal was put in evidence the organic matter na

med Ke1.'ogen disseminated in sedimentary facies roes, generator of pe -

tJ;oleum (4). The highest signal of Kerogen was at Portitza sampling s;l.te, 
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Vertical Distribution of Heavy Metals in Sediments from Rivers in 

Northern Greece 
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Laboratory of Analytical Chemistry, Chemistry Department, University of Thessaloniki, Thessaloniki (Greece) 

Data obtained by vertical distribution studies may,generally,cover Lne .Las"t 

two hundred years or greater time span of industrial development. 

The vertical distribution of Cu,Cd,Cr,Mn,Zn,Fe, and Pb was studied in sedi

ment cores from two rivers in Northern Greece,Axios and Aliakmon ,which had been pre

viously(SAMANIJXJU et al 1987) examined for the metal partitioning into selective fra

ctions in surface(0-10 cm)sediments.Both rivers flow into the Thermaikos Gulf. 

Axios is affected by domestic effluents and industrial wastes mainly from the 

Yugoslavian region,since in the Greek area only domestic and agricultural effluents 

are discharged into its waters. Aliakmon is affected by domestic effluents and wastes 

of textile and food industries(FYTIANOS et al, 1986). 

Four samplings were performed in three month intervals during a period of one 

year. A plexiglass corer of 1 m length and 8.0 em diameter with a latex stopper for 

the upper side,was manually driven into the sediment. Samples were subsequently sub

divided in 10 em fractions. Due to technical difficulties the subdivision of the core 

in shorter sections,in order to obtain more detailed information ,was not possible. 

Only at one sampling was it possible to take a core of a length greater than 30 em, 

due to the sandy texture of the sediments beneath this depth. All sediment samples 

were wet sieved using nylon sieve,and the fraction <0.063 mm,was selected for study. 

The sieved material was then dried at 105°C. Metal analysis was performed by wet acid 

digestion under pressure using a mixture of HNOTHC10
4 

4:1 v/v , at 150°C (AGEMIAN 

et al, 1976). The acid extracts were analysed for the above mentioned metal ions, by 

flame AAS (Pye-Unicam SP 192) or flameless AAS (Perkin-Elmer HGA 400) when needed. 

The standard addition. method was followed for each metal .separately. The precision of 

sediment metal analysis was checked by five replicate samples of S])...N-1/2 IAEA refe

rence river sediment material and coefficients of variation ranged between 1 and 8 %. 

Table 1 presents the metal core correlation coefficients for the examined me

tals at the four sampling stations { AX1 ,AX2 ,AL1 ,AL2 ) ,obtained from one sampling, 

for core depth >30 em. As shown , a negative correlation (significant though only for 

Pb,Zn and Cu in AX1 station) ,is observed ,between metal concentration in sediments 

and depth· in the core. Except for Cd ,all other metals exhibit a peak concentration 

at 1()...20 em depth in core, probably due to resuspension of surface sediments. The 

fact that most of the metals show the peak concentration at the same depth implies, 

that these metals have a common origin. Cadmium which has its maximum concentration 

at the surface layer has probably a different origin. The enrichment of Cd at the top 

Table 1. Correlation coef'ficients between metal concentrations and depth in core. 

AX1 AX2 AL1 AL2 

Pb -0.786* -0.823 -0.576 -0.772 

Zn -0.883 -0.636 -0.401 -0.439 

Cu -0.855 -0.368 -0.51'Z -0.764 

Mn -0.735 -0.620 -0.754 -0.876 

Fe -0.410 -0.727 -0.162 0.493 

Cr -0.641 -0.525 -0.941 -0.642 

Cd -0.641 -0.705 -0.771 -0.659 

d. :f. (n-2) 3 2 4 

*The underlined values are significant at the 5% level. 

of the core is due to the high anthropogenic flux during the last decades ( El'CHEBER 

et al , 1977). 

Surface layers (0-10 em) are directly affected by human activities. Suspended 

materials after a certain period of ·transportation are deposited on the river bottom, 

enriching consequently the upper layers of sediments with heavy metals. On the other 

hand, surface layers are mostly exposed to the pH-Eh changes in aquatic environment, 

which lead to a heavy metal release( HILTON et al, 1985). As acid mine effluents are 

discharged into Axios river, a decrease of pH value .can lead to a release of heavy 

metals bound to carbonates and hydroxides. A change of redox conditions can cause the 

reduction of hydrous Fe-Mn oxides yielding the scavenged or sorbed heavy metals 

( SALOMONS et al , 1984) . 
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C-III8 
Etude des Metaux Lourds (Zn, Cli, Pb, Cd, Cr) dans les Sediments de Ia 

Pecherie d'Homa - lzmir 

0. YARAMAZ', H. MORDOGAN" at A. ALPBAZ' 

'Ecole Superieure des Produils de I'Eau, Universite d"Egee, U~a (lskele) lzmir (Turquie) 
"Universit& du Neuf Septembre, Facult& d'lngenierie et d'Architacture Bornova, lzmir (T urquie) 

La Pecherie d'Homa situee entre Ia riviera Gediz et Ia Saline de Camaltu 
dans Ia baie exterieure d'lzmir, a une superficie de 1800 ha. et une profondeur 
moyenne d'1m. (Fig. 1) qui est regulierement diminuee par les apports d'alluvions 
de cette riviera et par l'etranglement de Ia passe qui assure Ia circulation entre 
Ia mer et Ia Pecherie (YARAMAZ & ALPBAZ, 1988). 

Les prelevements ont ete realises, mensuellement, a l'aide d'un benne 
"Orange-Peel" en novembre, decembre 1989 et en janvier 1990 a partir de 5 
stations (Fig.1) 

Fig. 1 : Localisation des Stations 

Les echantillons de sediments ont ate transportes au laboratoire dans un 
sac en plastique puis seches a so•c pendant 24 heures. On pese 1 g. de sediment 
prealablement broye afin d'obtenir une poudre (<160 jim) que l'on met dans un 
ballon. On ajoute 10 ml d'eau regale [HC1 :HN03 (3:1 v/v Merck)] qui est chauffee 
durant deux heures a 12o•c. On filtre Ia solution additionnee d'environ 25 ml 
d'eau permutee a l'aide d'un filtre Whatman, puis on ajoute encore jusqu'a so mi. 
dans une fiole jaugee. La solution est prate pour !'absorption atomique modele 
2280 Perkin-Elmer (AANOUX et coli., 1981). 

Le tableau 1 revele les concentrations en metaux lourds dans Ia Pecherie 
d'Homa a travers des prelevements realises aux mois de novembre, decembre 
1989 et janvier 1990. 

s~ I 2 3 4 5 

Nov. 40.S 47,5 57.0 41.5 68.0 
Zn Dec. 49.0 50.5 59.0 3/i.O 61.0 

Jan. 47.5 60.0 65.0 32.0 59.!l 

Nov. 21.0 20.0 24.0 ;~-~ 26.5 
Cu Dec. 21.0 19.5 27.0 2:!.0 

Jo.n. 19.0 25.5 24.5 i9:o 19.5 

Nov. 10.0 40.0 95.0 25.0 25.0 
Pb Dec. 10.0 2S.O 20.0 24.0 20.0 

Jan. 33.5 3S.5 34.3 1~.5 2S.O 

Nov. 3.0 5.5 3.5 3.0 3.0 
Cd Dec. 4.0 2.5 3.0 3.0 2.0 

Jan. s.s 4.0 3.6 2.5 4.0 

Nov. 60.0 44.5 72.0 57.0 69.0 
Cr Dec. 66.0 59.0 73.0 60.6 63.5 

Jon. 44.0 43.0 78.0 50.0 ·13.0 

Nov. 9.09 9.!7 tt.S9 11.91 15.44 
M>Lc:L!. Dec. 3.33 8.63 13.67 14.27 lJ.07 

'"' 
Jo.n. 7.65 !4.08 8.52 2.64 6.30 

Nov. 1.65 1.86 2.21 2.14 3.00 
'l&C Dec. !.53 1.43 2.53 2.45 2.29 

J>n. !.45 2.35 1.70 1.39 1.27 

Tab. 1 : Concentrations des metaux lourds dans les sediments de 
P6cherie d'Homa (Jlg/g polds sec) 

Comme le montre te Tableau 2, les concentrations relevees dans Ia Pecherie 
d'Homa son! inferieures a celles de Ia Baie d'lzmir et il n'existe pas actuellement 
de risques de pollution par les metaux lourds. 

Zn Cu Pb Cd Cr Ref. 

Baied'lzmir 53-8660 33-866 40-280 0.2-40 (UYSAL,TUNCER 1984) 

Baied'lzmir 61-899 16-213 13-305 1.3-6.6 21-237 (GEY, MORDO()AN 1988) 

Baie de GUibah\'e 16- 135 12-56 35- 183 1.4 ·14 (UYSAL, TUNCER 1984) 

Pccherie de Homa 32-68 19.27 10.95 2-5.5 43-78 (Cetravail) 

Tab. 2 : Comparaison des teneurs en metsux /ourds entre Is Piche 
d'Homs, Is Bale d'lzmir et celle de Giilbah~;e {Jlg/g poids sec) 

Rete ranees 

ARNOUX (A.), NIENCHEWSKI (L.-P.) & TATOSSIAN (J.), 1981.· Comparaison de quelques m~thodes 
d'attaque des sediments marins pour !'analyse des metaux lourds. Journal Franr;ais d'Hydrologie, 
12, lase 1 n•34, pp. 29-48. 

GEY (H.) & MORDOGAN (H.), 1988.· Concentrations of various heavy metals in near shore sediments of 
Inner Bay and in some marine organisms in the Bay of lzmir. Doga, TU Zoologie D.C., 12, s.3, pp. 
216-224. 

UYSAL (H.) & TUNCER (S.), 1984.· A comparative study on the heavy metal concentrations in some fish 
species and in sediments from lzmir Bay. VIles Journees Etud. Pollutions, Lucerne, C.I.E.S.M., pp. 
275-284. 

YARAMAZ (0.) & ALPBAZ (A.), 1988.- Recherches des parametres physico-chimiques, des sets 
nutritifs et des d~tergents anioniques dans Ia "PA<:herie d'Homa d'lzmir. Rapp. Comm. Int. Mer. 
Medit .• 31,2, p. 45. 
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C-III9 
Distribution of Mercury in Aegean Coastal Sediments 

A. BALCI, H.·A. BENLI and F. KUCUKSEZGIN 

Institute of Marine Sciences and Technology, Dokuz Eylul University, lzmir (Turkey) 

In this study, the distril)ution of mercury in suspended 
matter and sediment of the Aegean Sea were investigated. The 
total mercury content in deposited sediments ranges between 0. 09 
ug /g and 3.61 ug/g with mean of 0.91 ug/g. 

MATERIAL AND METHOD 

Mercury was detected flameless atomic absorbtion 
spectrophotometry (AAS) using cold vapour technique stri-pping by 
an argon flow the metallic mercury reduced by an SnC1

2 
acid 

solution. 

Water samples for suspended material were filtered through 
0.45 urn pore size preweighted Nucleopore filter. Study area and 
sampling stations are shown in Figure 1. 

RESULTS AND DISCUSSION 

Concentrations of total mercury in surface sediments from 
Aegean Sea are given in Table I. Highest cocentration of mercury 
in the Aegean have been obtained at Karaburun Peninsula. 
Karaburun mining region, for the Aegean, the must important 
source of mercury. But even if it not being mined, it might be 
responsible for appreciable amounts of mercury being carried by 
surface erosion and rivers in to Aegean Basin. Kti\;lik Mende res and 
BUytik Menderes rivers flow through the mercury-bearing ores and 
cary mercury rich material in to the Aegean Sea. It has been 
reported that the amount of mercury trasported to the Aegean Sea 
by rivers is about 14 ton/years (UNEP 1984). Continental 
weathering and subsequent erosion play an important role in 
determining the mercury content of rivers and thus amount of 
mercury enterin•: the Aegean. 

The mercury load on suspended particles in ri ve_rs ranged between 
4 and 231 ug/ g. In estuaries, the suspended matter is more 
contaminated than the deposited sediments. This is due to 1 ts 
grea,;er amount of fine grained particles and organic matter to 
which trace metals used to be associated Cranston and Buckley, 
( 1972). T!1e :r1ercury content of suspended matter in rivers are 
given in Table II.- High level of mercury on suspended pe.rticles 
in KU9Uk t•1endere::.--:. river~ 

STATiON .. l 
! o.ot-1.22 0.60 , 0.'7Ci-O.S1 0.82 

C.AZ-J.U 1.31 . 0.:111-1.61 1.0! ., 0.31-1.11 0.71 
13 o.ot-1.91 O.fi7 .. O.U-1.211 0.111 .. 1.0-2.47 2.32 
17 0.4'7-2-06 1.0~ .. O.J&-l.U 0.'74 , 0.31-1.33 o.n 

O.t4-G.73 o.•• .. o.e-..o.ea 0.16 

%able: 1 1kf"CUf')' conc•ntraU:ona !n A•&•an l•d1a.nt• tua:/a) 
ft! nw.t:a.r cf aa.ple. ft: Jlana• 7.~ -an 

... 
··~;~;:-- .. {us/a) 

:;;~ 
(~/1) , 
71 11-83 

.. 
k.,..nd. 2A-231 ,., 
I.M•nG. .. llt-141 .. 

CONCLUSIONS 

Industrial sources and the frequent natural geochemical 
anomalies in Aegean sea influence the mercury distribution in the 
marine sediments, adjacent to these sources. Near the river 
mouths due either to anthropogenic or natural sourc-es, sediments 
show higher levels. The pattern of distribution of mercury in 
coastal sediments indicates that suspended particulate matter is 
the main vehicle for 'nercury from land based sources to marine 
environment. Another aspect which is worth further i.nvestigation 
is whether the inflow of waters through tt>e strait's of dardanels 
might represent an appreciable input or output of mercury in 
Aegean sea. 
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C-IIIIO 
Manganese, Iron, Cobalt, Nickel and Zinc in the Eastern Harbour and 

EI-Mex Bay waters of Alexandria 

Hosny I. EMARA and M.-A. SHRIADAH 

National Institute of Oceanography, Alexandria (Egypt) 

The concentrations of manganese, iron, cooalt, nickel and 
zinc have been determined by atomic absorption spectrophotometry 
on 970 sea-water samples from 8 stations in the Eastern Harbour 
and 7 stations from El-Mex Bay (Fig. 1) of Alexandria during the 
period from November 1987 to January 1989. Trace metals 
concentrations are scattered in the ranges (0.14-30. 7), (1.39-
148.0), (nd-0.32), (0.09-1.43) and (2.02-320.7) pg.l-1 
respectively. 

The concentrations of trace metals in both ·areas are in the order 
zn > Fe > Mn > Ni > Co at the surface and near the bottom water. 
El-Mex Bay, the most industrialized area in Alexandria, showed 
higher levels of Mn, Co, Ni and Zn in the bottom water than in 
the surface water. on the other hand, with the exception of Zn, 
the surface water of the Eastern Harbour reflects higher values 
in comparison with the bottom water. 

N 

t 
0.._..~1-~4Hm 

'!' 

Fig. 1 - Arqa of investigation 

Generally, the Eastern Harbour reveals slightly higher levels of 
Fe, Co, Ni and Zn than El-Mex Bay water. 

Trace metals Mn, Fe and zn distribution suggests a clockwise 
circulation pattern of fresh water discharging from Umoum drain 
to El-Mex Bay. The Eastern Harbour which is polluted by sewage, 
showed a tendency to concentrate Fe and Zn inside the harbour by 
14 arid 39% more than outside the barour, while Mn, co and Ni 
showed nearly the same level. 

The distribution of Zn showed a rate of decrease of 15.9 Jlg .1-1 . 
km-1 in the Eastern Harbour and can be used .as a good tracer 
for fresh water or sewage discharge. 

The appearance of local high concentration for one metal by 
possible contamination does not necessarily correlate with high 
values for other -metals, however the r~lationships Fe-Mn ( r=O. 80) 
Fe-zn ( r= 0. 80) , Mn-Zn ( r= 0. 85) showed good correlation for the 
bottom water as well as for the surface water (Mn-Ni, r= 0.80) of 
El-Mex Bay. The Wastern harbour also showed good correlation 
between Fe and co ( r= 0. 83) , Mn and Co ( r= 0. 60) for the surface 
and ·bottom water respectively. 

The present data show that the concentrations of trace metals 
compared to other regions in the world are higher, probably due 
to the increasing pollution from industrial waste and domestic 
sewage. 

Rapp. Comm int Mer Medit., 32, I (1990). 



C-III11 
Relationships between Oxygen and Alkalinity Benthic Fluxes at Cadiz 

Bay (S.W. Spain) 

J.-M. FOAJA and A. GOMEZ-PARRA 

Institute de Ciencias Marinas de Andalucia (C.S.I.C.), 11510 Puerto Real, Cadiz (Spain) 

Nutrients benthic regeneration through biogenic decomposition of organic matter in coastal 
ecosystem is mainly produced by aerobic oxidation and sulphate-reduction pathways (Jorgensen, 
1982; Crill and Martens, 1987). The relative contribution of both processes is very variable, 
depending on many environmental factors, and can be assessed determining the fluxes across the 
sediment-water interface of both oxygen and alkalinity. This bas been frequently realized by 
means of the chemical concentration profiles in pore water (eg, Aller and Yingst, 1980; Jorgensen 
and Sorensen, 1985; Crill and Martens, 1987). In this paper, the stoichiometric values of oxygen 
and carbonate alkalinity "in situ" fluxes are measured in order to evaluate the participation of the 
two main alternative mechanisms for nutrient regeneration in coastal sediments. The study are 
carried out over a year period in a site located in the bay of Cadiz. 

EXPERIMENTAL 
The Bay of Cadiz is a productive shallow coastal ecosystem, receiving a large input of organic 
matter. The bay has a mixed bathymetry and it is subject to a semidiurnal tidal regime with about 
2,70 m average amplitude. These facts generate a complex hydrodynamic and sedimentary 
behaviour. Sampling station is located in a argillaceous subtidal area (8 m in depth) and it is 
affected by a moderate flood current system. Its botton contains a large assemblage of infaunal 
benthos, mostly pollychaeta. 
Matter fluxes across the sediment-water interface were determined by means of benthic stirred 
opaque. chambers. They were made of plexiglass and semiellipsoid revolution shape of circular 
section. These chambers cover 0385 m of bottom and contain between 65 and 90 L Chamber 
incubation of botton lasted 3-5 h. A previously calibrated YSI 5739 polarographic sensor was used 
for measuring oxygen concentration every 5 min. Alkalinity was determined by Gran titration 
method in samples withdrawn from the chambers each 15-20 min. Complementary pore water 
cheprical profiles were obtained from 40 mm i.d. cores by centrifugation at 24,000 g. 

RESULTS 
In relation to the temporal evolution of the oxygen benthic demand and carbonate alkalinity flux 
(fig. la), two facts can be noted: i) both oxygen and alkalinity fluxes show a clear seasonal trend; 

0.6 ,..----------, 

300 
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Figure 1 

ii) measured fluxes are high, specially in summer. Their values are generally greather than those 
obtained in other zones at a similar latitude. 
Fluxes of :EC0

2 
are always greather than oxygen fluxes. According to Redfi~ld's ratios and 

assuming that organic matter decomposition would occur exclusively via aerob1c pathway, the 
0 /:EC0

2 
fluxes ratio would have a value of 1.3. Values obtained for this ratio in Cadiz bay are 

al~ays smaller than 0.5. This denotes the importance of anaerobic degradation processes. On th_e 
other hand, an increase of (02/:EC02) fluxes ratio with temperature has been found (fig. 1b). ThiS 
suggests that the aerobic pathways contribution in degradation proces~es is greater in_ su~mer, 
in spite of the oxygen concentration in the water column being apprec1bly lesser than m Winter. 
Two explanation can be suggested: i) benthic macrofauna density is greather in summer (about 
250 specimens m·~. and also their activity. In this way, Revsbech et aL (1983) have reported the 
existence of oxic microenvironment at depths below the oxic layer, due to the macrofauna! 
irrigation in the sediments; ii) The increase of the temperature in summer, acelerating the benthic 
metabolism, is specially important in the sediment surface. In this layer the aerobic degradative 
processes take place; therefore these can be enhanced. 
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Figure 2 

In fig. 2, pore water profiles of carbonate alkalinity, sulphate and sUlphide are showed for winter 
(")and summer (o). Low gradient concentration upper 10 em of sediment can be observed. Similar 
variations are encountered by other authors (Goldhaber et al., 1977) and they are related with 
the influence of benthic macrofauna irrigation. For this reason, diffusive fluxes calculated by 
means of vertical profiles in interstitial water are very low in relation to "in situ" fluxes. 

Acknowledgments. We thank M.F. Osta for her help with field work and nutrient analyses. 
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C-Ill12 
Influence of Meteorological Conditions and the Rhone River Discharge 
on the Distribution of Iron, Manganese and Copper in the Gulf of lion 

Mohamed A. EL-SAYED 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

.The Gulf of Lion, .extending from the Gulf of Marselia to the 
Sr:»antsh fronteer~ •. recetves fr':'sh water principally from the Rhone 
R1ver. Th~ spreadtng _of the ':"tver water in the gulf dpends on the 
meteorologt~al and cltmatolog~ca~ conditions in the area. One of 
~he most 1mportant characterJ.sttcs of the meteorology of the area 
~s the presenc~ of a strong NW wind ""Mistral"'which drives away the 
surface water 1.n the coastal area giving rise to the advection of 
the bottom or subsurface water. !Minas, 1986l. This up.,ell ing brings 
to the_ surface ~e~p ... ~ter o'f d1 ffer ~ng chemical c:omposi tion and may 
result 1n the l1m~tat1on of the surface spreading of the panache of 
the Rhone ( Aminot, 1986>. 

In the period from 14 to 26 September, 1984, 28 surface water 
sample'!. were taken from the G~lf and the Rhone Delta. Besides two 
samp~es were taken a~ the r1ver-sea connection and a vertical 
pro:tle was performed 1n the open Mediterranean water <Fig~ l.\. The 
unf1~.t:rd water sam~les were analyzed, under clean labora:tory 

~~~~~~~~:~iy ~~~bi!h=~~erF:;re 11~ 1 ::d a~~l~~:~~nt • Fi 1 tered samples of 

. Salinity measurements C Aminot et al. 1986! showed that the 
dtsperston of the Rho'.'e river water extends in a SSW direction 
represented by_ the stat1ons 11, 35, 46, 47, 49 and 50. The relation 
between sal1n~ty a~d. Fe~ Mn and Cu along the axis of dispersion 
shows a mas:a~e eltm1nat1on of the three elements during the flrst 
stages . of m1x1ng (84,. 44 and 83.0 per cent for Fe, Mn and Cu 
resp~c~1vel'!').. The perfect agreement between the metals and 
turb1d1ty tndtcates that suspended matter is the main vector in the 
t~ansport of these elements i r. the Rhone wate!" _ Date of the 
f~lte~ed samples show that at station Rl (salinity less thar. 1 ~ 
dtssa.vec < 0.45 um) Fe represents less thar. lY. 0 -r the tote~ while 
dissolved Mn and Cu represented 37 and 38Y. of the total meta:: · 

1- th~ so'uthern near coa~tal zone <st .. 1,. 2, 3): not affected 
by upwellln~ and characterized by intermedia.t salinity c38 _ 
07-38.10>,. h1gh Nater temperature <18 cl and relatively low Fe 
concentration <4 .. 66 ug/1) but showed marked S-N increase; 

2- the eastern a~ northern zone !st. 4-9>: highly influenced 
by water . ad':'e~tton wh~c~ lead to a marked temperature decrease < 

~:l ~on~en~~;~~~~~a7;l~a;~n~~~l~~d turbidity increase and the hlghest 

3- the cen~ral part of the Gulf and the open Mediterranean 
water: character1zed by moderate salinity ( 38.1) excepting st. 5 2 , 
very low turb1d1ty and the lowest Fe concentration 10. 92 uglll. 

the Data of the v~rtica! profile ~ndicate a marked enrichement of 

by Kr:~~I~~e(~;:~~- ln Fe, Mn and Cu as has been previously observed 

Fig. 1 - Intersit II - Sampling in the Gulf of Lion 

100 

Fig. 2 - Geographic Distribution of Salinity, 
Temperature, Turbidity and Iron in the Gulf of Lion 
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C-III13 
Dissolved Oxygen and Nutrients in the Northeastern Ionian Sea 

E. SOUVERMEZOGLOU, I. PAMPIDIS, E. HATZIGEORGIOU and K. SIAPSAU 

National Centra for Marine Research, Hellinikon (Greece} 

Nutrient and dissolved oxygen data 
collected at several stations in the 
northeastern Ionian Sea (Figure 1) 
during the September - October 1987 
cruise of R/V AEGAIO , were used to· 
demr--;trate the distribution of the 
chet - L characteristics along a 
section parallel to the coastline. 
The oxygen and nutrient pattern was 
affected by the presence of mesoscale 
cyclonic and anticyclonic gyres in the 38°'-i----~j>._,.::~l--+------"<&.~--'-'1 
area. 

In the vicinity of the Otranto 
Strait (northermost part of the oxygen 
and nitrate sections), the interface 
of interaction between well oxygenated 

1~~iatr~1=~~:;1~Adl po~~de i~ fr~~~r!~~~ 36-"lf--,----f'------4-"+--'7---1~ 
the richer in nutrient and poorer f J~ 15 

7~i~~~~e~ a~~t;~. of T~~~a~;;~~ ap~~!~!~ " ~6 J7 

also on the salinity and temperature F!g.l S~0~~~~-sJ~Ii~~~ise ~ 19 

~~~~! 1;:~en~i;i~~r wr~~;;r7~eo~:~~o~~~~ 34"'-I'=====M=ar=ic;,;,h-,;A~ril=.=1998;;,7==~==d 
~ tl.,_ 1986, Theodorou ~ tl.,_ 1988). 18" 20" 22" 2"" 

Fig.3 Distribution of 
nitrates (!' gat/1) 
along a transect 
in the Ionian Sea ;; 

.; ' 

Fig. 2 Distribution of 
oxyge~ (ml/1) 
along a transect 
in the Ionian Sea 

The nutrient poor surface layer extended down to 60 m in the north, 
while, in the south, it was brought down to 150 meters by a meandering 
anticyclone near 36° 00 N latitude. This layer presents high 
concentrations of oxygen and very strong gradients between 50 and lOOm. 
Note that, between these depths there was less saline and warmer water 
of Atlantic origin (NAW) . 

In the intermediate layer, the depth of isoconcentrations of 
4. 8 ml/1 o, and 3. 5 >tgat/1 NOo followed that of 38.80 psu isohaline, 
deemed to represent the boundary delineating the spatial extent of the 
Levan tine Intermediate Water (LIW), (Artegiani et al. 1988, Theodorou 
et al. 1988). - -
- The thermocline, isohaline. oxygen (Figure 2) and nutrient 
(Figure 3) isoconcentration lines at station 12 (36°00 N, 21° 30'E) 
were about 400 m below those in the adjacent areas. 

The Deep Water (DW) had an oxygen content lower than 4, 4 ml/1 and 
nitrate greater than 5, 0 >tgat/1. The concentration of oxygen diminuted 
and that of nitrate augmented at the south of the section. where a core 
with oxygen less than 4,2 ml/1 and nitrate greater than 5,2 >tgat/1 was 
found. 

At station 15, to the west of Crete, there was a water mass with 
low nutrient also and high oxygen content at a depth of 900 m. This 
water mass also presented high salinity and temperature ; it probably 
originated from the Cretan Sea. 
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C-III14 
Heavy Metal Distribution in Surface Sediments from lzmit Bay, 

Eastern Marmara Sea (Turkey) 

Mustafa ERGIN and Riza YORUK 

Institute of Marine Sciences, Middle East Technical University, P.K. 28 Erdemli. !eel_ (Turkey) 

A total of thirty-one surficial sediment samples were collected 
from the floor of 1zmi t Bay <Fig. 1 > with a grab onboard the R/V Bilim in 
1987 and analyzed for their heavy metal <Fe, Mn, Cr, Co, Cu, Zn, Pb and Ni> 
concentrations and associations. 

Figure: I 
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Low-calcareous-terrigenous mud (2-45 % CaCO,.; 0.35-1.62 'x; Org.C: 
ERG!N and Y~RUK, 1990> with relatively high silt percentages are principal 
sediment types found on the floor of 1zmit Bay. After removal of the pore 
waters, the HNO"-extractable heavy metal concentrations of bulk sediments 
ranged from 1. 40 to 3. 97 % for Fe; 112-678 ppm for Mn; 13-49 ppm for cu1 
43-105 ppm for Co; 45-114 ppm for Zn; 23-52 ppm for Pb; 6-81 ppm for Cr; 
and 34-98 ppm for Ni <Fig. 2; Y~RUK, 1988>. 

30' 29.40 

A compo.rison of the heo.vy metal dato. of this study with those 
from relatively unpolluted sediments and sedimentary rocks elsewhere 
suggests that Fe, Mn, Zn, Cr o.nd Ni in the 1zmi t Bay sediments occur 
largely o.t natural background levels. And, also, use of a geoaccumulation 
index reveals relatively unpolluted sediments on the floor of 1zmi t Bay, 
although this region is densely urbanized and industrialized. 

However, the presence of coal and slag particles in ·some sediment 
samples and the high, positive correlation coefficients between Pb-Zn and 
Zn-Cu concentrations suggest metal influxes from anthropogenic sources. 
Part of the Cu probably originates from the waste discharges of 
electrolytic industries located around the eastern section of the bay. 

As inferred from the correlation coefficient matrix data, the 
studied heavy metals in the sediments were predominantly associated with 
organic and iron phases. 
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C-lll15 
Variations Saisonnieres du Plomb, du Cadmium et des Hydrocarbures 
Aromatiques Polycycliques dans !'Atmosphere d'une Agglomeration 

COtiere Mediterraneenne - Etude Preliminaire 

C. MARMENTEAU et A. VEGLIA 

Centre Scientilique de Monaco, 16, Bd de Suisse (Monaco) 

Dans le cadre d ·une etude de la pollution des eaux cotieres 
mediterraneennes par la voie atmospherique, les variations saisonnieres 
des metaux lourds Cd ct Pb et des hydrocarbures aromatiques totaux ant 
ete determinees dans les aerosols preleves en 1988-1989 a Monaco ( 1). 

Les particules atmosphCriques ont ete prelevees par filtration 
(0,2 11m) au moyen d'un collecteur d'air ii. debit constant place sur la 
terrasse du Musee Oceanographique de Monaco, en un lieu situe ii. 
proximite de la mer et soumis aux influences urbaines. La duree de 
chaque prelevement etait de 15 jours environ. 

Les metaux presents sur les filtres ont ete extraits par 
HNOs/H202 et ·les solutions d · attaque ont ete analysees par 
spectroscopic d ·absorption atomique ii. effet Zeeman. Les hydrocarbures 
aromatiques totaux ant ete doses par spectrofluorimetrie apres 
extract ion avec le n- hexane' l. etalonnage etant realise par une 
solution de chrysene dans le n-hexane. 

Les variations saisonnieres du plomb, du cadmium et des 
hydrocarbures aromatiques polycycliques sont representees sur la figure 
ci-jointe. On constate que les concentrations mesurees pour les trois 
parametres sont, dans !'ensemble, plus elevees en hiver qu·en ete. Des 
correlations significatives ant ete aussi observees entre les 
differents parametres mesures, ii. savoir : 

0, 780 (p<O, 001) pour la correlation plomb-cadmium 
0,669 (p<O,OOl) pour la correlation plomb-HAP 

r = 0,533 (p<O,OOl) pour la correlation cadmium-HAP 
la ne'illeurc correlation correspondant, dans chaque cas, ii. une fonction 
puissance du type : y = a.xb. 

Ces correlations suggerent que, dans le cas present, les 
netaux dans 1 ·atmosphere proviennent essentiellement de la combustion 
des essences et des fiouls. L ·absence de correlation avec l' intensite 
du trafic automobile qui est plus intense en ete qu ·en hiver dans cette 
region indique l- existence d 'un autre facteur predominant dans 
!'explication des variations saisonnieres observees. Les conditions 
met.eorologiques semblent jouer un role essentiel et les fortes 
concentrations hivernales observees sont probablement liees aux 
conditions anticycloniques particulieres qui ont predomine sur le Sud 
de la France pendant l'hiver 1986/69 (2). 
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C-11116 
Donnees sur I'Azote et le Phosphore lnorganique dans Ia Zone Centrale 

du Littoral Roumain de Ia Mer Noire 

Adriana COCIASU 

lnstitut Roumain de Recherches Marines, Constanta (Roumanie) 

Pendant lea deux dernieres decennies, la mer Noire en 
general, et particulierement lea eaux cotieres roumaines, se 
confrontent avec des phenomenes de pollution chimique et biologique 
de grande ampleur, ayant des effete negatif's qui ·genererent de 
~aves desequilibres dans lea ecosystemes cotiers. On a mis en 
evidence toute une aerie de modifications ecologiques a nombreusea 
chaines, dont lea chainons peuvent avoir des valeurs doubles de 
cause et effet. Dana ce sans, un example est constitue Pal! lea 
nutrients, et specialement lea sels de 1' azote et du phosphore 
mineral, dont la croissance considerable (effet de 1' utilisation 
intensifiee de fertilisateu.rs en agriculture) (1) represente le 
chainon cause-cle qui a determine !'augmentation de la production 
primaire, surtout de maniere explosive, par la chaine colate::tale des 
floraisons (2). Lea grandee quantitea de substance organique, resul
tat de l'eutrophisation. aont reaponsables, a leur tour. de la 
remise en circulation de certaines grandee ~uantites de nutrients, 
par lea processus de mineralisation, qui determinant le maintien 
da. fonds nutritif a de grands taux, meme dans la saison chaude de 
l'annee. A cote de l'intensite de la production primaire, lea 
processus regeneratifs commencent a jouer un role extremement im
portant dans le controle de la concentration de nutrients daos la 
aoae egphotiqwt. 

Le present travail est base sur 
lea observations menauelles, pendant l'in
tervalle mai-s.eptembre 1984-1988• dans la 
zoae CEntrale du littoral roumain.couvraot 
un reseau de 14 stations. aux horizons 
standard jusqu'a 40 m profondeur (l!'ig.l). 

On a determine la concEntration des 
formes de l'azote (N03 , N02 , NB4) et du 
phosphore inorganique; on a calcule lea 
rapports atomiques I:N&P et lea coeffici
ents de correlation r .I:N,~; rp,s• 

Quelques-una des resultats obtenus 
aoat inscrits dans le tableau 1. 

Lea donnees inscrites dans le tableau 
iDdiquent, malgre 1' acti vi te biologique 
tres iatense de la zone, un maintien du 
fonds eleva de nutrients pendant toute la 

~ig.l- Stations d'echan- ::t~n tr~~~~~sav~~mi~:: d~~i~~~i!oi: 
tillonnage masse de l' eau. Lea grandee val eu.rs de 

concentration de 1' azote et du phosphore 
iaorgmiqu, ainsi que celles de leur rapport atomique, sont dues a 
la :torte eu.t.rophisation de la zone. Dans au.cune situation on n' a 
a'bteia1r l' epu.iseaent total, lea deux elements ne consti tuant plus 
des faoteu.rs liaitatifs de la production primaire. 

Tableau 1 

Valeu.rs limite et moyennes de 1 1 azote et du phosphore mineral 
de 1 1 aire et udille 

--·-------=~a==-m=~~=====-==•=~=•================================ 

• 

llai Jllia Jllillet A.olit Septemb.re-

1,24-18,74 
%. 9,29 

1.95-49,16 
'!: .. 7,21 

1,41-18,38 
x = 5,92 

1,48-21,87 
x = 7,63 

0,82-36179 
x • 7,1u 

p 0,02-2,92 
%. 0,46 

0,02-4,56 
'!: = 0,30 

0,04-0,77 
Y• 0,24 

0,06-5,16 
x :a 0,33 

0,02-4,07 
x"" 0,40 

EB'aP i: ~~l l - 354 
x = 24 

1- 250 
X= 24 

1 - 155 
x .. 22 

2 - 139 
x·= 18 

~ 

• 1,81-23,38 2,21-}4,32 1,33-31,20 2,24-22,60 1,94-20,4 
r.B,5? xa7,08 xc:?,82 x=8,32 x=8,24 
0,03~2,06 0,06-6,3? 0,08-3,48 0,07-1,85 0,11-5,50 
X "' 0,50 x • 0,51 x = 0,38 x = 0,35 X = 0,67 

~··p j : fr ~ ~ i~ i ~ ~fo i : ~4 i ~ g7 

•=-===-••••=•=s:=========•===•=======================================c 
:in oe qui concerns la dynamique saisonniere, lea modifica

tions sont ameliorees de beaucoup, le consume du plancton vegetal 
dans le processus de nutrition etant vite recupere, en princi~al par 
lea quantites remises en circulation par lea processus regEmeratifs 
et non pas par l'apport fluvial, reduit pendant cette periode. Dans 
ce sens, une confirmation fou.rnissent lea moyennes de la couch& 
0-40 •• generalement auperieu.res a celles de surface, ainsi que la 
liomination de la forme alllmoniacale (70-80 %} et au.ssi le maJlque de 
correlation des taux de 1 1 azote et du phosphore mineral avec la 
salinite (r LN,s = o, rp,s .. o). , , , 

En conclusion, lea processus de regeneration dans lea 
sediments jouent un role important dans le controle de la concentra
tion et de la distribution des nutrients dans la zone de faible 
profondeur, ayant un apport considerable a l'eutrophisation des eaux 
cotieres. Dans ce sens, nos etudes devront desormais viser 1' echaoge 
de nutrients a 1 1 interface eau-sediment. 
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E-ll 
Quaternary Evolution of some coastal Lagoons of the Spanish 

Mediterranean Littoral (Valencia, Alicante and Matlorca) 

M.·P. FUMANAL' , G. MATEU .. and M.-J. VINALS' 

'Departamento de Geogra!ia, Universitat de Valencia, 46080 Valencia (Espana) 
.. Institute Espana! de Oceanografia, Muelle de Pelaires, Palma de Mallorca (Espana) 

This is a study of the quaternary evolution of four barrier-island 
systems in the Mediterranean coast. 
We have worked in four areas. three of them in the peninsular 
littoral: The Oliva-Pego marsh (Valencia). Xabia and Moraira 
(Alicante). The fourth, S'Albufera de Alcudia, is in the easthern 
coast of the island of Mallorca. These environments have very active 
sedimentary dynamics, dependant on the quaternary eustatic 
oscillations, finally responsable for the migration of the ancient 
coast ali nes. 
The reconstruction of the successive depositional environments in 
these 1 it toral zones is approached from the sedimentological and 
micropaleontological analysis and from absolute datings of the 
materials extracted from several cores. 
The Oliva-Pego marsh is currently a barrier-island system placed in 
the southern part of the Valencia Gulf. DUPRE et al ( 1988) and VI!\IALS 
et al.( 1989) have recognized several sube1:vi ronments from 
marginolittoral areas that allow us to place different positions of 
the coastline during Upper Quater nary_ 

Id~ Jt.e.c.oru.~on. o4 ~ OUva.-Pe.go mcvr..-~.k .Ln. tiLe. Uppe..~t. P.t.e.LI.:t.oc.e.n.e.. 
Fa.cA..u. o4 ~ ma.Jt.g.i..n.o-U:t.:t.o-'Ul..t e.n.v..V..on.e.mn.:t.: { 1) BLo:t.ope. o4 ~ 
4Jt.u.fwla.:t.e.Jt. .&lilamp; { 2) 4a.c..Lu. o4 a..tu.v.La..t. p.l.tUn; ( 3) 4a.c..Lu. o4 a..tu.v.La..t. 
4a.n.; ( 4) B.Lo.t.ope. o4 b>r.a.c.h..L.6k .ta.goon; ( 5) B.Lo.t.ope. o4 ma.Jt..i..n.e. W.t.u.e.n.c.e.d 
b~k .ta.goon.; (6) B.Lo.t.ope. ma.Jt..i..n.e., LfL4>tll.U:t.:t.o-'l.a..l.; (7) Vu.n.e. 4a.c..Lu.; 
(8) tl.~t.!l be.a.c.k 4a.c..Lu.; ( 9) IILU...t. 4a.cA..U.. Se.d.Lme.n.:t.a.Jt.y .&.t.>uLc..twt.u. a..u. 
4.~t.om REINECK a.n.d. SINGH { 797 5). 

The Xabia and Moraira bays have structural morphology since 
they are inst:•·ted in the sea-cliffs of La Nao. Now they are relic 
systems ( FUMANAL and VINALS, 1989 a; 1989 b). whose pleistocene 
barrier formations are recognizable in the present landscape ( FUMANAL 
et al . , 1990) . 
S 'Albufera de Alcudia is the biggest lagoon of the Baleares. The cores 
taken inside this area have a depth of 350 From 
micropaleontological studies COLOM ( 1985) and MATEU ( 1 ?82) have 
established different levels, the majority of them from the Terciary 
age. The upper 62 m are due to quater nary sedimentation. 
The sedimentological features of the records allow the reconstruction 
of the different sedimentary environments and the diverse positions of 
the coastline along the considered period. 
The species found permit the paleoenvironmental reconstruction. The 
fact that many of the species are euryhali nes, imply that the study 
must be base on the consideration of faunistic associations and the 
dinamycs of populations. 

COLOM, G. ( 1985): estratigrafia y paleontologia del Andaluciense y del 
Pliocene de Mall orca ( Baleares). Bel. Soc. He Nat. Baleares, 23. 
pp .25-33-
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( Alicante ): Evoluci6n geomorfol6gica. Aetas del XI Congreso Nac. de 
Geografia, Madrid, 25-30 septiembre. pp. 391-400. 
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geomorfol6gicas de las formaciones de restinga en el sector Prebetico 
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MATEU, G. (1982 a): El Ne6geno-Pleistoceno de Mallorca. Bel. Soc. H§ 
Nat. Baleares, 26. pp.75-133. 
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E-I2 
The Role of the Relative Sea Level Changes on the Quaternary 

Evolutiop of the "Mar Menor" (Murcia, Spain) 

Victor DIAZ DEL RIO• , Luis SOMOZN , Caridad ZAZO .. and Jose L. GOY ... 

'Centro Oceanografico de Fuengirola, Apartado 285, Fuengirola (Spain) 
••Museo de Ciencias, C.S.I.C., C! J. Gutierrez Abascal n•2, .Madrid (Spain) 

... Facultad de Geologia Universidad Complutense, Madrid (Spain) 

Mar Meno7 is a s~mple coastal-lagoon in the southeastern end of 
the Iber~an Pen~nsula (Western Mediterranean). Its origin is 
rel<;-ted to Flandrian transgression, . and can be interpreted as a 
re:;adual coastal-lago'?n ( DIAZ DEL RIO, 1989) • It • s underlain by 
J?l~o-Qu<;-ternary sed~mentary sequences prograding seaward 
de':'el'?p~ng ~h~ continental margin in the area. High-resolutio~ 
se~.;;m~c prof~l~ng, aerial reconnaissance studies, vibrocores and 
s~d~ment samples have been used to interpret the Quaternary 
h~story and evolution of the system. 

The s~dimen~s. in the J:>ottom are dominated by mud-size clastics 
and b~odetr~t~? mater~als, mainly from mining wastes. only the 
~~~d~~~d a~~g~~m~nated by sandy sediments, forming the barrier and 
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The thickness of the recent sedimentary units shows high 
variability, between 1 and 12 meters. The seismic reflectors are 
generally characterized by strong signals separated by an 
acoustic reflection (at the base of the series) having a large 
lateral extent, interpreted as a Tyrrhenian basal level. 

Variations in sea level, in this case glacio-eustatic, display a 
high morphology variability on the coastal-lagoon, as well as in 
the barrier (SOMOZA, 1989; NICHOLS, 1989). The effect of relative 
sea level changes, as far as it relates to the construction of 
the youngest barrier, is the landward migration of the beach 
simultaneous to an expantionary lagoon. 

Based on seismic-reflection data, and assuming a Tyrrhenian-III 
age (based on regional stratigraphic studies in the area) for the 
basal level, it is possible to estimate a sedimentation rate 
close to 1. 2 mm/y - 2 mm/y, for the last 80. 000 years. 

As a result of a relative drop in sea level, 18.000 years B.P. 
(minimun regressive), a fluvial-torrential system was placed in 
the lagoon, developing a marsh system in the back-barrier. In the 
mouth of the channels fluvial sediments could be deposited 
constructing submarine lobes, composed by coarse sand and 
gravels. These sedimentary bodies, can be seismically recognised 
in the inner continental shelf. 
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Polluted Mud Flat in the Venice Lagoon 
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The continual discharge of pollutants in a semi-enclosed body of water 
as the Venice Lagoon, induces the formation of dystrophic states and causes 
accumulation of toxic species in water and sediment, particularly in the areas 
with little tide exchange. 

To evaluate in detail the causes of degradation in these areas and to 
advance solutions to restore it, the study of the environmental conditions can not 
leave out a multi-parameters analysis of "tracer" variables that permit to 
establish the availability of nutrients and heavy metals in the sediment to 
surface water and the biosphere. 

On this basis, a study was made on the chemical and physical 
characteristics of a mud flat inside the Venice Lagoon, that is subject to intense 
growths of macroalgae, predominantly Ulva Rigida. In the last year, in fact, the 
Venice Lagoon has been particularly afflicted by eutrophication manifestations, at 
the point of making it necessary to mechanically remove macroalgae during the 
summer period, to limit the degradation of water and air quality. 

The mud flat studied covers a surface area of about 1.5 Km2; its mean 
tide is 50 em, with mean excursion of about ± 30 em. Analyses were made on the 
first 50 em of sediment. During the period between May 1988 and November 1989, 
four samplings of sediment cores were taken, using a "syringe-type" corer, 
hand-made in plexiglass; it allows to extract undisturbed samples with 5 em 
diameter. On the collected samples, redox potential EH, grain-size distributions 
and heavy metal (Cr, Cu, Fe, Mn, Ni, Pb, Zn) concentration measurements were 
performed; the latter for both in the total content and through the application of 
a selective extraction technique. Further - during two field measurements - the 
current evolution through the channels delimiting the mud flat was observed in 
response to tides of quadrature and syzygies, utilizing data acquired by 
self-recording current meters immersed simultaneously in four places. 

For the EH measurement a methodology was set-up that permits to obtain 
representative values of the oxidation-reduction condition in situ from samples 
practically undisturbed [ 1] . 

Instead, the cores to analyse grain-size distribution and heavy metals 
content were immediatly subdivided into ten 5 em-long cylinders. Grain-size 
determination was made with a laser-beam particle analyzer [2] (Microtrac 
mod. 7995), obtaining the particles percentage distribution in fifteen dimensional 
classes of diameter, from 0. 7 to 125 1'111· Heavy metals were determined in the total 
content (cold lN HCl) and for their presence in five geochemical phases [ 3], [ 4] 
corresponding to these metal fractions: extractable, associated with carbonates, 
bound to Fe and Mn oxides, associated with the organic matter and sulphides, and 
finally the non-lattice-held residual (obtained for difference). 

In the surface layer (the top 5 em) all measurements made on the 
samples coming from the nine measurement-sites chosen in the mud flat indicate the 
existence ot three sectors with different characteristics. One is, in fact, able 
to distinguish a very reduced zone with greater presence of fine grains and heavy 
matals, where there is the greatest growth of algae in the mud flat. Next, a 
oxidated zone with a greater presence of larger diameters, poor or no accumulation 
of heavy metals and scarce algae presence. Finally, a third zone with intermediate 
characteristics. 

As a general rule, the EH values decrease along the cores till about 
15 em depth, indicating more reduced conditions in the deeper layers with respect 
to the surface layers. The upper 15 em thick-layer has varying redox 
characteristics, which are sensitive to the hydrodinamycal and hydrological 
conditions of the overlaying water, since it is involved in the water interaction 
processes and bacterial activity. On the contrary, sediment deeper than 15 em 
definitely gives negative EH values, which are about equal and constant in all the 
nine sampling-points in the mud flat (o:-170 mV). With the depth, either a general 
but slight increase of particles with smaller diameters and a remarkable decrease 
of heavy metal contents (total and fractionated), in the deeper layers with 
respect to the surface layers. Only Mn does not follow this trend. 

Utilizing statistical correlation techniques [ 5], [ 6], the existing 
relations between the three measured variables at the same depth in the mud flat 
and along the sediment column were finally emphasized. In particular a strong, 
positive correlation among total heavy metal, the redox condition intensity and 
particles percentage in the diameter range 10<¢<40 I'll\ is evidenced for the 
sediment surface layer. Further, the correlation coefficient r values together 
with heavy metal present in the five extracted geochemical phases permit the 
formulation of an interpretative picture of the dependence of heavy metal 
speciation on the intrinsic sediment characteristics. 
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their collaboration given during the field measurements, in collecting the samples 
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financed by the City's Environmental Council. 
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Studies on the Bottom Deposits of the Egyptian Lakes 

Massoud A.·H. SAAD 
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SUMMARY:- Sediment samples were collected from six Egyptian lakes and subjected to 

some physico-chemical investigations. Variable amounts of organic matter, calcar

eous substances, allochthonous materials and diatom-silica were deposited on the 

bottom of the Egyptian lakes. The distribution of these components in the Egyptian 

lake sediments was found to depend upon certain factors which were discussed. 

Lake Manzalah, Lake Brollus, Lake Edku, Lake Mariut and the Nozha Hydrodrome 

are situated at the north of the Nile Delta, whereas Lake Qarun is found in Upper 

Egypt southwest of Cairo. The first three lakes are connected to the Mediterranean 

Sea and hence their chlorosity varies according to locality and season. All these 

lakes receive huge amounts of drainage waters, except the Hydrodrorne which feeds 

from the Nile water .. The present work was undertaken to study the nature and compo

sition of sediments collected from these lakes and to compare the results from each 

lake with those of the others, since each lake has its own limnological character

istics. Sediment samples were collected from three different localities in each 

lake. The samples of ·ea<:h lake were mixed to form a composite, which was subjected 

to some physical and chemical investigations. 

The external events have a remarkable effects on the nature, composition and 

distribution of the Egyptian lake sediments (Saad and Arlt, 1977, Saad, 1978). The 

allochthonous mineral materials entering into the Egyptian lakes mainly with drain

age and sea waters, as well as by the influence of the prevailing wind are distrib

uted by water currents throughout most of the lakes. The recent allochthonous sedi

ments cover the autochthonous organic sediments or mix with them. Consequently the 

exchange of elements between the sediments and the upper free water is greatly red

uced (Saad, 1984). 

The maximum density of wet mud found in Lake Edku sediments coincided with the 

maximum value of dry matter and the minimum value of water content. This reflects 

the large quantities of allochthonous minerogenic materials entering into this lake 

via drainage and sea waters, giving the maxir.mm value. However, the sediments of 

Lake Mariut showed the opposite trend; being soft due to the influence of heavy 

pollution (Saad, 1972). 

Variable amounts of organic matter were deposited on the bottom of the Egypt

ian lakes. The great, amounts' of organic matter found in the sediments of Lake Brollus 

and Lake Qarun are due mainly to [l1e increase in the amounts of allochthonous sup

ply and autochthonous production of organic matter. In spite of the influence of 

organic pollution on Lake Mariut, the organic content in its sediments was relati

vely low , due to the high intensity of decomposition of organic matter (Saad, 1972). 

The bottolllSof the Egyptian lakes are characterized by accumulation of shells 

and shell fragments of calcareous organisms (Saad, 1978). The increase in the 

amounts of calcareous substances in the sediments of Lake Brollus, Lake Edku and 

Lake Qarun is due to the abundance of these shells (Saad and Arlt, 1977, Saad, 1984). 

Diatomaceous silica were deposited in variable amounts on the bottom of the 

Egyptian lakes. The maximum value of diatom-silica found in Lake Qarun sediments 

reflects the richness of these sediments with diatom shells (Saad, 1976, 1984). 

However, the minimum amount found in Lake Mariut coincided with the scarcity of 

diatom frustules in the sediments of this lake. 
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Geochemistry of Fe, Mn, Zn, Cu, Pb and Cd in Sediment Cores from 

Lake Edku 
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Lake Edku is one of the shalloN, brackish-water coastal 
lagoons of the Nile Delta. The lake is separated from the 
Mediterranean Sea by a sandy coastal barrier, yet, lake-sea Nater 
exchange is kept through a narrow outlet. 

The lake sediments are mostly derived from soil erosion in 
addition to contribution from indegerious plants and animals. On the 
ave.-age, thP sediments compose of a mixture of 45% sand; 23% silt; 
and 32% clay. Mollusc shell fragments constitute· in most cases the 
major part of sand. The clays and fine silt on the other hand 
compose of mixed layer smectite-illite, illite and subordinate 
kaolinite <Moussa and Saad, in preparation). X-ray amorphous Fe 
hydrous oxides seem to contribute to these fractions a lot. 

uf 

• Sampling locations 

3 , Km. 

For the present work we collected three sediment cores in .i 
way to represent the three main subenvironments of the lake: 1- the 
lake-sea communication vicinage; 2- the central basin; 3- the area 
affected directly by drains. 

In the laboratory, the sediment interstitial water Nere 
extracted by centrifugation. The sediments were then dried at 70 c. 
A carefully homogenized portion of each sediment was powdered for 
the determination of organic carbon, carbonate ar>d total heavy 
metal concentrations. A 1.0 g cut of each nonpowdered sediment was 
taken for the extraction of labile elements by 1M HCl. Another 
suitable cut was taken for the determination of sand, silt and clay 
contents. 

The element analysis were done by flame ASS. All the 
precautions of sample handling and analysis were taken in order to 
assure high quality of data. 

The results showed that the lake average concentrations of the 
total Fe, Mn, Zn, Cu, Pb and Cd are: 57787, 943, 81, 55, 42, 3.4 
ug/g respectively. The per cent leachable fractions of these 
elements in the given order are: 18, 64, 30, 53, 612; 30. The 
leachability of the elements decreases generally from top to bottom 
in the cores. 

The correlation analysis of the total element concentrations 
with the other sediment parameters indicate two groups of element 
associations: al Fe-Zn-Cu and bl Mn-Pb-Cd. The clay and to some 
degree the si 1 t are the major sites for the first association, 
while, the calcareous shells <sandl are the sites for the second 
group. 

The resolution of the total element concentrations into labile 
<HCl leachable> and residual <total - labilel gives a more clear 
picture. 

In the labile phase, Zn of group Ca) went out of the 
combination to become specifically correlated with organic carbon 
<r=O. 75l leaving Fe and Cu with clays. In group (b) assciation 
improved correlations are observed betNeen Pb and Cd <r=O. 96) and 
between Mn 1 Pb and Cd <r=O. 77). Also their link to calcareous sand 
becomes more evident <r=O. 82-0.871. 

In the residual phase all the elements are interrelated. About 
70% of Fe . and 50% of Pb are shown to be incorporated in the si 1 t 
and clay minerals. The weak correlation between··z:n, Cd, Cu and the 
silt and clay minerals suggests that these elements are most 
probably incorporated in heavy minerals. 
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Copper Speciation in the Sediments of the Nile River Delta Lakes in 

Egypt 
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A five step sequential extraction scheme (Tessier ~ ~·., 

1979) was applied to surfacial sediments collected during the 

period 1982-1989 from four northern Nile River delta lak~s in 

Egypt namely Lake Mariut, L. Edku, L. Burullus and L. Manzalah 

to illustr"'a.te the different species of Cu associated with their 

sedimentary phases. Cu concentration in each phase was determined 

using a Perkin Elmer AAS. Almost, the summation of sequential 

extracts showed a good agreement (with·' n 6%) with the total 

metal concentration. The accuracy was tested against NBS standard 

River Material 1645 and concentrations were with n 3-5% of certi

fied values. Triplicates showed high reproduceability not exceed

ing 10%. 

Information for the sampled lakes as well as the average 

concentrations of the different Cu species are shown in Table 1. 

Table 1. Area, depth range, trophic status, flushing time and mean Cu species 
concentrations (pg/g) as well as organic matter (%) and Cu/Al rat1o 
in the Nile delta lakes. 

LAKE MARIUT EDKU BURULLUS MANZALAH 

1986 1989 1988 ( 1982/83) 

AREA (Km
2

) 70 115 370 700 

DEPTH (em) 9 o..:1so 50-150 50-200 100 

TROPHIC STATUS Hypereutrophic Mesotrophic Meso trophic Eutrophic 

FLUSHING TIME (d) ND 21 42 38 

Exchanges ble * 1. 03±0. 54 0.16±0.04 0.34±0.1 0.67±0. 3 

Carbonate* 1. 20±0. 25 0.80±0.13 3.10±0.4 1. 90±0. 4 

Fe /Mn oxide * 6.80±0.90 9. 30±1.10 5.26±0.9 12.40±3.6 

Organic/sulphide* 36.40±18.3 11. 80±1. 50 7 .50±0.8 28 .10±12 .6 

Residual* 28. 80±5. 10 16.90±2.10 12. 80±1. 6 32. 20±6 .1 

ORGANIC MA.TTER (%) 10.1 2. 4 1.8 6. 9 

Cu/ Al " 10-
5 325 139 95 267 

ND = Not: determined *= l'g/g 

The exchangeable fraction of Cu showed no statistically 

significant magnitude between the different lakes. The carbonate 

fraction as well was only enriched in samples collected at the 

lake-sea connection sites where the carbonate content of sedi

ments reached >55%. Despite the presence of Fe and Mn in con

siderably high concentrations in the studied lakes, the easily 

reducible fraction was the third in abundance. The organic and 

sulphide associated Cu were enriched in the sediments of Lake 

Mariut and Manzalah forming on the average 49% and 4 3% of the 

total Cu, respectively. Both lakes receive huge amounts of sewage 

discharge and are suffering from anoxia in most of there pro

ductive areas with H
2

S values reaching >15 ml H2S/l. Station 

to station variations were reflected on elevated standard devia

tions from the mean in both lakes. Lake Edku receives sea-derived 

industrial wastes which may elevate the Cu concentration at 

the lake-sea connection while L. Burullus is comparatively clean 

receiving only agricultural discharge and local sewage. 

The use of CuS0
4 

as an algicide in controlling aquatic 

plants' blooms, specially during warm season, is the main route 

of Cu to the northern delta lakes. The accumulation of dissolved 

Cu by phyto-, zooplankton as well as floating and submerged macr

ophytes may transfer Cu to the lake sedioioents after their death 

and decay. The Cu/Al ratio calculated for tl1e diftereHt delta la

kes showed Cu enrichment in all lakes when compared with the Cu/Al 

ratio of standard snale. Table l showed that Cu is enriched in the 

sediments of the delta lakes in the order : Mariut > Manzalah > 

Edku > Burullus. 

References 

Tessier, A. ~.fl.!.. (1979). Anal. Chem. (51) 7: 844-850. 

Rapp. Comm. int. Mer Medit., 32, l ( 1990). 

II 



• 

E-III 
Salinity and Major Ions in Lake Manzalah, Egypt 
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The northern de 1 ta 1 akes in Egypt receive various types of 
water ranging from Nile fresh water ( salinity< 1'to ) to coastal 
Mediterranean sea water ( salinity > 39'1,0 ) • Mixing inside the 
lake systems leads to the appearance of . various in-lake 
environments. Variations in sal in1 ty and subsequent variations in 
the major ions have been evaluated. 

Nile ~!~~a Mf~~:: ago.;:de~~d ~~r~~~t M~~~~e::';~eaann~e~0 ~~ f~~d~~;.th~ 
the Suez Canal (east) and the Nile branch (west). The average 
depth is 1 m. About 6, 600 mi 11 ion m3 of fresh and brackish water 
reaches the lake annually. 

During 1982/83, 50 stations were sampled monthly. Salinity 
w.as measured using inductive salinometer; chloride argentometri
cally ; calcium, magnesium, sodium and potassium by an ICP 
spectrometer; su 1 phate by turbidimetry; bicarbonate and carbonate 
by titration. 

sa linT~~ ~at~ i+s gi.v/d::d ir~~ ~a~~g\~~~· r~~i:r{w(a~:l~~~ ~:rr~a; 
;~~~re:s /v'e

1 'tf~~re~~~c~n 1d;;in!:~e~:~:r 1
r"ek,echis;i 

1£~:Y la~!'t•ln'd i~: 
Nile flood cessation since 1965 as well as the restriction of 

T~~b~~ {!~~~ai!o:~~~ni~~o~\~) t~~e 1 't~"e-s:aainc 0~!':~~~~n f~~r~~~ i~fi; 
1~~~ i ~h~ i~~k~ n w~~e /'!,ket.im~ns \

9
h
8
e
2 

'1 :~: ::f~~\gfu;:::e~a ?f~i~i~~i~f 
the 1 ake-sea connection reached 19. 9't0 during summer. The mixing 

~~te~~es~PP~~1 t..Se1o w1~~r 1 !~~=-~~! ~~nn~~t i~~asa~':i1 t~"edi ~:~~f~I~~ 
brackish water enters the lake as a side way current. 

Na Mg 
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Figure l. Zonal averages (mg/1) of major ions in lake Manzalah. 

Figure 2. Multivariate graph for major ions in lake Manzalah; 

n 

"' 

According to salinity, stations were grouped into 4 water 
types: Type A ( 0-5%0 ), Type B ( 5-20't0 ), Type C ( 20-40'1,0 ) and Ty~Je D 
~>40't0 ) with the following salin1tyjchlorinity relat1ons 
S't1 =l.888 Cl't0 + 0.126; S%0 =1.794 Cl't0 + 0.121; S't0 =1.783 Cl%0 +1.349 
;~~P;;ti;;.~S~h~~ 't~~0 ;.;, 0~~; 0~~~~i~t~~ferdse.viations in the re 1 at i ve 

The average concentrations of different cations and anions 
are represented in Figure 1. Zonal fluctuations are related to 
the quality of water reaching each zone. The relative abundance 
for cations was Na > Mg > Ca > K while for anions was Cl > HC03 + 
C03 > S04. Anoxic conditions prevailing in certain lake 
lead to reduction in sulphate concentrations. 

Table 1. Ion/Chlorinity ratios for lake Manzalah water. -----------------------------------------------------------------
Water type 

ION 

Na 
Mg 
Ca 
K 
304 
HC03 

A 
S't, (0-5't0 ) 

0. 5594 
0. 0684 
0.0223 
0. 0277 
0. 1433 
0. 1963 

C D 
S't0 ( 20-40'1,0 ) S't0 ( >40't0 ) 

0. 5518 0.5477 0. 5353 
0. 0665 0. 0630 0. 0628 
0. 0206 0. 0188 0. 0185 
0.0208 0.0202 0. 0196 
0. 0994 0-0988 0. 0843 
0.0553 0. 0100 0. 0050 

Table l shows the different ionjchlor1ae ratios for 
different water types. The chlorinity ratios for all ions 
showed a progressive decrease by increasing salinity, despite the 
progressive increase in the mean ion concentration with 
incredsing salinity. 

Relations among cations and anions (Figure 2) classified the 
ldke water as soft in relation to its content of dissolved salts. 

The N. W. region and areas affected by sea water invasion 
represent d halite ?aminated sys.tem while others are shifted 
towards carbonate P.nrlched systems. 
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Etude Comparative des Caracteristiques Physico-Chimiques de Ia 
Lagune de Nador (sur Ia Mediterranee) et de Ia Lagune de Moulay 

Bousselham {sur !'Atlantique) 

Abdeljaouad LAMRINI 

Section Halieutique, lnstitut Agronomique et Veterinaire Hassan II, B.P. 6202, Rabat - lnstituts (Maroc) 

La lagune de Nader est situ€e sur la cote mediterraneenne 

Nord-Est du Maroc, elle s' €:tend sur un arc de cercle de 115Km
2 

et 

s' ouvre par une etroite passe assurant une communication pr€caire 

avec la H€di terran€e .. 

Alors que la lagune de Moulay Bousselham est si tu€e sur la partie 

nord du littoral marocain ; de forme elliptique, elle occupe une 

cuvette de 35Km
2 a 1' interieur de laquelle le niveau de 1' eau est 

variable suivant les mar€es et les saisons.Elle s' ouvre sur 1' ocean 

par une passe ayant tendance a sf ensabler_. 

Ces deux lagunes re~oivent des rej ets domestiques, agricoles et 

;industriels entrainant des variations des parametres physico ..... chimiques, 

ce qui provoque des perturbations de la faune et de la f'lore aquatiques 

redoutables pour 1' ~quilibre biologique. 

Pour appr€-cier la quali te des eaux lagunaires des deux ecosys-

temes, une et~de analytique des principaux parametres (To , sl 0 o , pH, 

o
2 

, Sels nutritifs) a ete faite en 1988 pour la lagune de Nador et 

1989 pour la lagune de Moulay Bousselham. 

Les tech.ft..iques d'analyse utilis€:es ont ete celles presentees 

par AMINOT et CHAUSSEPIED ( 1983) • 

L' examen des resul"t~ts obtenus permet de repartir les parametres 

physico-chimiques etud±es en deux categories : d I une part 1 e pH et 1 I oxy

gene dissous qui presentent des niVeaux comparables dans les deux lagu

ne!f;,d'autre part la temperature, la salinit.3: ~t les sels nutritifs qui 

enregistrent des resultats bien d:lf'ferents ct''un.e lagune a une autre. 

Dans la premiere categorie, le pH est alcalin dans les deux 

lagunes et oscille auteur de 8, les valeurs les plus €levees sont 

enregistrees a 1' amant 0 

Pour les concentrations d' oxygene, bien qu' ell es scient dans la mer•.e 

fourchette au niveau des deux lagunes (J a 8 ml/1). la lagur:e medite

rraneenne semble etre mains oxygenee. 

Dans la seconde categoriet bien qu' il soi t d ifficile de faire 

COmparaison entre leS deUX laguneS en raiSOn des perj Odes d I etude 

differentes, on peut fa ire les constatations suivantes: 

- Dans chaque ecosysteme, la temperature est plus elevee en amant quI en 

a val, de plus les -a·mpli tudes thermiques sont plus ~levees dans la la

.gune atlantique que dans la lagune m€diterraneenneoil y a lieu de con

siderer un risque de dystrophisme engendr€ par les hautes temperatures 

estivales (27°C et plus pour les deux lagunes). 

- Le milieu lagunaire m€di terrane en est globalement plus sale que 1 e 

milieu atlantique (abstraction faites des stations situ€es sur les .fleu

_ves); ce qui serai t dU en partie a la peri ode d' etude estivale dans la 

lagune de Nador.Les f'ortes dessalures ( ji.rsqu 'a Jr 0 0 ) de la lagune atlan

tique auraient une incidence sur la reproduction de c-ertaines especes. 

- Pour les sels nutritifs (No; , NOJ , PO~- , NHt), la lagune medite

rraneenne est plus riche que la lagune atlantique bien que celle-ci ait 

ete etudiee en grande partie durant la p€riode des precipitations" 

Une etude anterie\lre de la lagune de Nader (G01JDAN, 1986) a revele des 

concentrations en nitrites inf€:rieures et des concentrations en oxygene 

superieures aux concentrations actuelles. 

La pauvret€ dans la lagune atlantique du mains temporaire ·en nitrates 

qui entrent en grande partie dans la constitution de la matiere orga

nique serait prejudiciable, ces\· elements pourraient jouer un rOle de 

facteur limitant. 

Les deux lagu.nes poufraient presenter a· 1 'avenir des limites dans 

leurs possibilites biologiques ; pour pouvoir mettre en place des ame

nagements de revalorisation, une surveillance continue des niveaux des 

parametres physico-chimiques ainsi que des deversements des affluent$ 

urbains et agricoles sont necessaires"' 
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The Albufera of Valencia is an hypertrophic lagoon of 26 km' surface and mean depth 1.1 m_ It 
constitutes the center of a Natural Park composed by this lagoon and the surrounding marsh land, 
dedicated almost completely to rice fields. Miracle ~al (1986, 1988) emphasize the heavy eutrophica
tion impact suffered by this lagoon in recent years. The present paper gives the global model of 
functioning of the Albuferain respect to the total nutrient input and the consequent biomass production 
which will be discharged in part to the sea, but in another and more important part to its own sediments. 
This study compiles results of seasonal measurements made in the 36 most important inflowing 
channels, the three outflowing channels and inside the Albufera during the year 1988. Parameters 
measured were the rate of inflow or outflow in the channels, and nutrient and chlorophyll contents in 
all sampling points (phytoplankton cells were also counted and identified). Primary production was also 
evaluated by "C experiments. 

Results and djscussjon 

The annual inputs of nutrients inAlbufera ofValenciaare extremely high (table 1 ). The inflow of sewage 
water registered in table 1 was calculated measuring the P concentration in the sewage discharge at their 
exit from the surrounding villages and estimating the proportion of sewage in the mouth of the channels 
from their P content. The concentration of nutrients in Albufera water is very low, as well as the 
inorganic nutrient output. Inorganic N and P outputs are respectively 10 and 50 times less than their 
corresponding inputs. The entrance of particulate P is mainly due to organic matter, while the outflow 
is mainly constituted by phytoplankton biomass. 

Table 1. Albufera of Valencia. Global nutrient flux and pollution. 

INFLOW CHANNELS 

N-ammonia 
T/Y 1907.9 
g;m2 -Y 74.3 

N-nitrate+ni trite 
2076-9 

80.8 

OUTFLOW CHANNELS 

T/Y 178.8 
g;m2.y 7.0 

191-8 
7.5 

N-org 
4335.1 
168.7 

1470.0 
57.2 

Q._.=._f P - P Sewage 
371-8 619.3 Hm3 /Y 78.6 

14-5 24-1 m3;m2 .y 3.1 
28 % total water inflow 

8.7 210.0 
0.3 8.2 

Figure 1 shows the functioning of Albufera of Valencia based on a phosphorous balance. Phosphorous 
enters in the Albufera in soluble inorganic form or as particles of organic matter with a low proportion 
of algal cells, and it goes out of the Albufera mainly in the form of phytoplankton biomass. Experiments 
in aquaria using Albufera water and mud, demonstrated that added dissolved phosphorus remains in 
the water and the rate of deposition in the sediments is extremely low. Nevertheless particulate 
phosphorus may be deposited in the sediment as not recycled organic matter. 
On the other hand, 100 times more biomass goes out of the system than enters in it. This is because the 
lagoon acts as a continuous culture; primary production in the lagoon was evaluated to be 40,000 Tons 
of Cfyear. In the lake it is produced five times more biomass than it is outflowed. It is assumed that 
phosphorous used in primary production comes in equal parts from the external input and from the 
recycling of the decomposition of previous phytoplanktonic production. From this assumption and 
considering the relationship P /biomass = 1/500, it is estimated that the phytoplankton uses about half 
ofthetotalPinput(whichwasaround l,OOOTonsfyear).IfsolubleinorganicPismaintainedinthewater, 
then about500 Tons of the alloctonousparticulate P must have gone that year to the sediment altogether 
with 300 Tons of the particulate P of the 150,000 Tons of autochthonous not recycled primary 
production. Summarizing, half of the primary production is recycled and reincorporated again to 
enhance new production, while the other half is exported: 20 % to the sea and 30 % to the sediment. 
Primary production is low when compared with P input and the standing stock of algal biomass in the 
lake. The system is limited by light and production is around 2 g C/m'.h (corresponding to 4 mg C/mg 
chlorophyll) restricted to a thin surface layer, being negligible in the rest of the water profile. Thus, daily 
primary production is around 4 g C/m'. 

IHPUT 

All .... asures i.n T ons/f.lle&r 
B. Bio.uss. f'r•sh wei51h't 
o.". Organic Mt't'•r. fresh w.ight' 
0-P Ort'o-phosph~t'e-
P-P Part'.i.cul.at'ed Phosphorous 
C Organio Carbon 

Figure- 1. Funot'ioning 11t0del. of' t'heo Albufer01. 
Doubl• lJ.n•d arrows and nuM•r• corr•spond t'o t'h• ••t' i.M•t'•d valu•s 
of" P oirou1.ilt'iDnJ single lines t'o C not' auant'ified oiroul.a.t'ions. 
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The Nile delta lakes are proximate reservoirs for the Nile water flowing to 

the Mediterranean. Tak{ng Lake Burullus as a model, in this study we tried to estimate 

the amount of nutrient input to the water system and analyze their probable impact 

on lake productivity. 

Lake Burullus is located between the Nile River branches, connected to the Medi
terranean through Bz., El-Burullus. The lake area ·is 420 Km2 of which 370 Km2 are 
open water; the average depth is 1.25 m. The lake receives 3.6xl06m3 of fresh and 
brackish water/y of which 2.2x10

9
m

3
/y is discharged to the Mediterranean. The islands 

divide the lake into four zones of different ecological conditions. 

Water samples were collected during February 1987 - March 1988 from different 
zones and drains for determination of nitrogen, phosphorus and chlorophyll a (Strick
land&Parsons, 1972) as well as primary productivity (Steeman-Nielsen, 1952) :-

Lake Burullus is considered a mesotrophic lake (average chlorophyll i 6.6 mg/m3) 
specially when compared with Lake Manzalah (average 21 mg/m3) (Hamza, 1985). The 

area receiving >80% of draln water reaching the lake recorded the maximum chlorophyll 
.!!. average (~0.8±14.1 mg/m ). The same zone attained the maximum average productivity 
(0.23 g C/m. d) and contributes to shout 1/3 the annnal phytoplankton production-of 
the lake i.e. 102, 024 tons C/ y. 
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Figure 1 Biomass and productivity response to phosphorus load in Lake Burullus. 

The question "what limits the lake productivity" is interesting to speculate. 
The fact that the lake don't receive any sewage disposal from heavily urban areas 

limits the phosphorus input to agricultural activities through the use of fertilizers. 
Mean-while, the dominant phytoplankton group inhabiting the lake are capable for 
nitrogen atmospheric fixation. 

Table 1. Balance sheet for phosphorus and nitrogen in Lake Burullus. 

** TOTAL* OUTFLOW TOTAL 
GAIN 

DISSOLVED 
IN 

SEDIMENTED · PHYTO- SEDIMEN-

ELEMENT INFLOW OR PLANKTON TED 
UPTAKE UPTAKE 

(Tons/y) (Tons/y) (Tons/y) 
LAKE WATER 

(Tons/y) (Tons/y) (Tons/y) (Tons/y) 

558 

2318 

94 

291 

464 

2027 

23.6 

1416 

* Rain water contributes 10 Kg P/y and 36 Kg N/y. 

** Abdel-Moati (unpublished data). 

228 

611 

30 

238 

198 

373 

Table 1 shows the dynamical balance of nitrogen and phosphorus in Lake Burullus. 

The wind driven circulation in the lake is set in a condition that the bulk nutrient 
derived to the lake flows northeast to the outlet. About 60% of inflowing water 

carrying 94 and 291 tons of N and P/y are conveyed to the Mediterranean i.e. 17% 

and 12% of N & P discharged, respectively. Only 42 and 61% of the total inflowing 
load of N and P are distributed throughout the water column. The annual phytoplankton 
consumption of N and p (in situ experiments) was 30 and 238 tons, hence sedimented 

p and N account for 35 and 16% of inflow. The increase of the lake water level over 
pumped drain water leads to sedimentation of nutrient bearing particles at discharge 
sites a process which controls the amount of phosphorus reaching the lake and prevent 

the lake from reaching its optimum production capacity. The sh.ort residence time 

of lake water (about 38 days) prevents the in-lake accumulation of organic derived 

material and continuously disturbs the lake equilibrium. 
Direct relations not only occur between nutrient loading and lake-nutrient 

concentrations but also with the biomass and production level,.-. Figure 1 showed 

that biomass and proauction correspond to variations in phosphorus loari in Lake 

Burullus. 

~ 
Steeman-Nielsen, E. (1952). J. Cons. Perm. Int. Explor. Mer., 18: 117-140. 

Strickland, J.D.H. and Parsons, T.R. (1972). Fish. Res. Bd. Canada Bull. 167, Second 
ed. 310 pp. 
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Nozha hydrodrome is an artificial lake with an area of about 
504 hectar ( 1200 acres). Formerly it was a part of the brackish 
water lake Maryut, new used as a fish farm. 

In 1982 till 1987 a long term fertilization experiment was 
carried out to increase fish production using chemical 
fertilizers. At the beginning 5 kg of super-phosphate+5 kg of 
ammonium nitrate were added weekly per acre. The fertilizer was 
well mixed with water and spread as evenly as possibly using a 
motor boat. Fertilizers were not added during December and January 
also during July and August, as these months proved to be of 
minimum plankton production. · 

The amount of fertilizer was lowered according to the results 
of water analysis. Water was analysed for temperature, pH, oxygen 
content, ammonia, phosphate, nitrate, nitrite, carbonate 
alkalinity and chlorophylle_. 

Water temperiiture varied between a minimum of 12. 9oc in 
February 1983, and a maximum of 29.soc in July 1986. Generally 
water temperature is favourable for plankton production. The pH 
was nearly always above 8.0. 

Alkalinity is relevant to the suitability of water to fish 
culture, water with low alkalinity values are generally 
biologically less productive. The alkalinity of the hydrodrome 
water was between 21-43 mg CaC03/L. 

No sign of oxygen deficiency was observed in the hydrodrome 
water during the experiment. With the progress of fertilization 
the oxygen content increased. 

In 1982 the average oxygen value was 4.95 ml/1, in 1983 it was 
5.98 ml/1 in 1984 it was 6. 77 ml/1 and in 1985, it reached 7.01 
ml/1. 

Nitrogen compounds were not detected in high concentrations 
even after fertilization, this is due to the role played by 
denitrification and retention of ammonia by bottom deposits and 
its subsequent utilization by algae. This leads us to ask whether 
adding inorganic nitrogen fertilizers is economic. 

Unlike nitrogen compounds , inorganic phosphorus was high in 
the hydrodrome water due to successive superphosphate addition. 
From October 1982 to March 1987, the phosphate content of the 
water never fell below 15 pg at/1. 

Chlorophylla is regarded as the essential component 
responsible for the amplitude of photosynthetic potential. 
Chlorophylle_ content of the hydrodrome water was measured before 
fertilization and found to be 2. 0 mg/m3. After adding 
fertilizers it rose remarkably reaching up to 13.7 mg/m3 in the 
period May-December 1982, in 1983 it rose up to 20.11 mg/m3, in 
1984 it reached a maximum of 29.11 mg/m3 in 1985 it reached 18.7 
mg/m3 . In May 1986, due to a sudden plankton bloom it rose up to 
175.37 mg/m3, then dropped sharply after one week to reach 63 
mg/m3. 

The ultimate goal in any fertilization experiment is to 
increase fish production. The yield of fish from the hydrodrome 
before fertilization was 54 ton/year. As a result of fertilization 
the yearly increase in fish production is 

1982 
13.4 

1983 
48.7 

1984 
150.6 

1985 
148.8 

1986 
65.0 

1987 
151.0 ton 

To sum up, the fertilization experiment of the Nozha 
hydrodrome gave a total gain in the fish yield of 577.5 ton, 
equivalent to a maximum increase reaching in some years up to 
300%. 
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INJ:ftO[lUC::J I OJ~ 

The purpose o·f this study was to measure the primary production of 
the Salt Lake of Larnaca. The produc:ti vi ty of the ec:osystem and its 
overall function was determined. 

SitE> _[)escr.i!)tjon: The Salt Lake of Larnaca is the biggest and 
1 owest. in ,;. -ser·;·.;..; of lakes situated to the southwest of Larnaca town. 
It covers an an•a of 5.01km'·' and its lowest part lies 2.16m below the 
sea level. Natural catchment area is about 5. 7km"'. 

The basin of the Lake is dry and covered by a salt crust during 
the summer months. Water in the Lake usually appears after the first 
rainfall and builts up at rates depending on the precipitation. The 
rainfall occurs mainly during the winter months and is considered as 
contributing most of the Lake· s water. 

The water cell ected in the Lake has no other way to escape except 
through evaporation. 

The conditions which will prevail in the habitat of the Salt Lake 
in given a year ar·e not predictable because they depend on - and they 
are imposed by - the meteorological c:onditions of the year; the 
environment of the Larn;.,ca Salt Lake, in which biological activity 
will develop, is unpredictable. <Hadjistephanou, 1989). 

_M_A_TE:f~IALS ANP ME_HiQDS 

The primary production of the Salt Lake was determined by 
measu1 .... i ng the photos.yntl·1esi s by the oxygen method. 
Estimates were made on three selected dates, the beginning, the middll! 
an,j the? end of the pet-.\od dul'·ing which water is present in the Lake's 
basin~ 

TtHi e:-<pet·imental pr·oc:edure as it is described by Strickland and 
Pat"sons <1?72) vlas stt"ictly followed. The LB and DB samples were tight 
on poles which marked two stations, one on the central and deepest · 
pal'·t of the L.ake and anotho'r on the periphery. 

The enerJ;JY absot"bed by the water was calculated from the 
me:rt:t?orological data ·For the solar radiation of the area .. 

The titr·ation r·esults were plugged into the eqctations given by 
Strickland and F'at"'.;ons (1972) and the gross and net photosynthesis, as 
well as respiration were calcLtlated in mgC/m::.\h. These figures were 
converted :i.n t1\J per m:.." per day. The estimations are given on Table 
tlt?l r)W,. 

The Prim.ewy F't"oduction of the Salt Lake of Larnaca in 
MJ/m"'.d 

: Date : Station : Grc.1ss :Hespirationl Net 
: Phot.IJsynt.hesi s: l Photosynthesis f 

; ---··--····-··---··: ·-·-·-·····----·-·: -··-··- -~-------------: -------------: ----:-----------1 
i29/:l2/1988!A (sur+ .. ): 

lA (batt.): 
lB 

0.0019 
0~ 0019 
o. 0047 

o. 0045 
0 .. 0045 
0. 0057 

0.000 
0.000 
0.000 

l -------·----------1 ·-·----- .. ----- l ------------·-----: ------------: -------------- t 
l24/ 211987lA <sur·f.): 

:A (bott.): 
:B 

0.00088 
0.00088 
0. 00220 

0.00210 
0.00160 
(l,(H)l(l6 

0.00000 
0.00000 
0.00114 

:n::u ;.:t/1987:A (surf.): 
lA <bott.ll 
lB 

0.0384 
0.0401 
0~ 02~96 

o. 0254 
o. 0275 
0. 0227 

0. 01297 
0.01262 
0.01343 

gr'O'ss photosynthesis is 
whole wet per· i od <Jf the Lake and that 

is uniform in the water column. 
beginning of the per--iod o·f water accumulation gross 

photosynthesis was do?tecterJ in the Lake, but the energy lost in 
t··espi ration e>:ceeds photosynthesis. On the contrary, net primary 
production is dPtected 1n UlE? pcosystem towards the end of the wet 

On Februar-y, around the middle of the wet period, the 
j s to be in a transitional phase. 

the basis-. on Odum's (l'763) classification, the ecosystem of the 
Larnaca Salt l .. ake is hetprtJtr·ophic ecosystem ·for a period from 
November t !11 Ft?bruar·y i.e. fr·om the beginning tt~ the middle of the 
wet period of t:h1s seasonc.d lake. Nonethe1ess 1 the tendency is for 
ecosystems to towards st,~bi 1 i ty and thus to maintain 
t.hemse?l ves over ~:,.ho:-·t and long ter·m. This tendency for the 
Larnaca l..akr-2 i~.:; initi.:ated from about the middle o·f the wet 
period onw,;H~ds and appears with ne-t primary production. 

The function of Lake ecosystP.rn as described above 
a~ pears .~-{nnut:.-\1 basis in temperate systems, where> t.he 

prociuct.J vr:• .. 

autotr-oph Ism i 5 o·ffset. to var-·yi ng degr·ees by fall--winter 
(/:::1Jrmonc.Jy~ 19"76}. 

net. pruduction J ~" de:,tected during the second hal·f 
, the ecosyC?.t.F.?m of the L.arnoca L.ake is not very 

fli~DcliSTEF'HANOU N. 1'?Fl'l. :''h.D. H1esi~ .. University n+ Athens. 386pp. 
f<Clf<MONDY [ • .J.1976. of F't'E?ntice Hall Diclagical 

D.. and CMr.,t P. :.1wanf:">f1fl, Fds., New 

l .. !olt, F~ine:~har·t and Wjnslnn, NP.w York. 
F'I.I'<SON~:> 1972. A Pr·01ct i c-> I H-mtibuok of 

~3eawater Analys>i~; .. Fish. Re>s. Board ot Canc·\d.::t. Bull. J67. Llttawa. 
~HOpp. 
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Cycle annuel du Phytoplancton en deux sources du Pare Nature! de 
"I'Aibufera de Valencia" (Espagne) 

William COLOM e1 Maria Rosa MIRACLE 

Departament d'Eco!ogia, Facu!tat de CiSncies Bio!ogi(!Ues, Unlversi!at de Valencia, Burjassot (Espagne) 

Introduction 
Le "Pare Nature! de I'Aibufera de Valencia" (Espagne) comportait de 

nombreuses sources disseminees sur toute sa surface. A cause de Ia forte 
pression anthropique qui conditionne ·cette zone, Ia majorite de ces sources 
ont ete comblees afin de favoriser les cultures de riz principalement. Seules 
quelques-unes de celles qui demeurent, conservent leur morphologie et leurs 
caracteristiques originales. Cependant, l'eau de ces sources est de bien 
meilleure qualite que celle du reste de l'ecosysteme qui est fortement 
eutrophisee et polluee. De plus, ell% jouent un role tres important, au titre de 
refuge d'especes disparues ou en regression sur le reste de Ia surface du Pare. 

Dans ce travail, nous presentons les resultats relatifs au Phytoplancton 
des sources de "Romani" et de "Baldovi". II s'agit de deux sources !res 
eloignees l'une de !'autre et qui supportent des impacts agricoles differents, 
puisque Ia premiere est completement entouree de plantations d'orangers 
landis que Ia seconde est enfermee parmi les rizieres. 

Materiel et methodes 
Les prelevements ont ete realises, tous les mois, pendant une periode 

allan! du debut du mois d'avril 1986 a Ia fin de fevrier 1987. Les echantillons 
de Phytoplancton ont ete recueillis a Ia surface, a l'aide de bouteilles de verre 
et fixes "in situ" avec de l'iode a 5%. Pour Ia classification et Ia numeration, 
nous avons utilise Ia methode d'UTERMOHL (1958), recueillie par HASLE (1978} 
et celle de LUND eta/. (1958}. 

Resultats et discussion 
Nous avons ainsi observe que, pour les deux sources, Ia conductivite, Ia 

temperature et le pH demeuraient stables pendant toute l'annee, comme c'est 
le cas pour ce type d'eaux qui sont nourries par des eaux souterraines. La 
stabilite est plus accentuee pour Ia source de Romani (Fig. 1 }. Cette variation 
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Fig. 1.- Oscillations de Ia temperature, de Ia conductivite, de !'oxygene et du 
pH dans les deux sources. 

est due a ce que cette source est fortement associee aux rizieres qui 
l'entourent et que des deversements des eaux dans Ia meme source se 
produisent quand elles sont inondees, ce qui entraine, dans ce cas, une 
augmentation de !'oxygene dans l'eau ainsi qu'une elevation du pH et de Ia 
temperature et, par contre, une diminution de Ia conductivite. 

Les differences que l'on constate sont plus sensibles encore pour le 
Phytoplancton (Fig. 2} : 

6000 • Bacillariophyceae 100000 ~ Dinophyceae 

5000 0 Clorophyta 
10000 

4000 Ill Cyanophyceae 
1000 

3000 
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2000 (j 

"" 
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Fig. 2.- Oscillations de Ia densite du Phytoplancton dans les deux sources. 

1 - La composition specifique est Ires differente. Pour Ia source de 
Romani no us avons trouve 108 especes diverses, landis que pour celle de 
Baldovi, on en a decouvert 84 dont 30 seulement sent communes aux deux 
sources. Elles se distribuent, respectivement dans Ia Romani et Ia Baldovi, 
selon les groupes suivants : Cyanophycees, 25 et 14 especes ; Chlorophytes, 18 
et 23 especes ; Diatomees, 56 et 39 ; Euglenales, 5 et 2 ; 4 et 5 especes de 
Cryptophycees et enfin 1 espece de Dinophycees pour Baldovi. 

2 - Les deux presentent des baisses de densite, surtout Baldovi qui (saul 
en des occasions precises} a toujours une densite phytoplanctonique inferieure 
a celle de Romani, qui atteint jusqu'a 5.000 cell.ml-1 durant le mois de juin. 

3 - On a pu relever pour Ia source de Baldovi des fluctuations tres 
marquees qui coTncident avec les perturbations des parametres physico
chimiques indiquees et qui engendrent une croissance explosive d'une 
Chlorophyte, (Pyramimonas cf. inconstans) qui fait augmenter Ia population 
jusqu'a presque 12.000 cell.ml-1 en juillet. Ensuite, ce petit "bloom" diminue 
brusquement et Ia population d'Aigues finit par atteindre seulement 29 
cell.mJ-1. 

4 - II !aut noter Ia predominance des Diatomees dans Ia source de Romani 
qui son! en outre responsables des maxima de cette source et des oscillations 
de Ia population phytoplanctonique. Dans le cas present, c'est une seule espece 
qui produit fondamentalement le maximum, il s'agit d'une petite Diatomee 
Achnanthes minutissima. 

5 - Dans Ia source de Baldovi, on ne note pas Ia nette predominance d'un 
seul groupe taxonomique, puisque Ia dominance en juin et juillel des 
Chlorophytes ne se reproduit plus jusqu'a fevrier. 
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Le lac lchkeul, etendue d'eau saumiltre de 9000 ha de superficie et de profondeur Iaibie ( 1.20 
m en moyenne ), fait partie du complexe lagunaire du nord de Ia Tunisie. II est caracterise par des 
variations spatio-temporelles considerables dues principalement aux apports d'eau douce en hiver en 
provenance du bassin versant et a !'entree de l'eau de mer en ete par l'intermediaire de l'oued Tinja , 
(fig.1 ). Pour definir l'etat trophique du lac, nous avons entrepris une etude qualitative et 
quantitative du phytoplancton en relation avec les conditions du milieu. Nous exposons ci-dessous les 
resultats concernant Ia structure de Ia taxocenose phytoplanctonique a travers les variations de 
l'indice de diversite specifique de Shannon et Weaver ( 1949 ), note : Hs et des diagrammes rang
frequences, preconises par Margalef ( 1967 ). L'evolution du phytoplancton a ete suivietous les mois 
de janvier a decembre 1985 et de septembre a decembre 1986 au niveau d'une station centrale du lac 
et analysee par numeration cellulaire au microscope inverse selon Ia methode d'Utermohl. 
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FIG. 2- Evolution temporelle de Ia 
diversite splicifique Hs 

L'etude du phytoplancton du lac lchkeul a permis de recenser 51 especes don! 32 
Diatomophycees et 12 Chlorophycees. La plupart d'entre elles sont cosmopolites. La densite des 
populations phytoplanctoniques varie entre 0.14 et 23.5 millions de cellules par litre ; elle est elevee 
en hiver, moyenne au printemps, Iaible et fluctuante en ete et en automne. GrAce a !'analyse 
conjointe des fluctuations de Ia diversite specifique ( fig.2 ) et des differents aspects des 
diagrammes rang-frequences ( fig.3 ) nous avons pu delimiter les 3 stades definis par Margalef 
(1967 ) comma etant caracteristiques de Ia succession saisonniere des communautes du 
phytoplancton. Les successions ohytoplanctoniques du lac lchkeul generalement incompletes et 
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FIG. 3_ Diagrammes rang_ 
frequence 

difficiles determiner parce qu'elles sent frequemment brisees par des perturbations oe 
l'environnement physico-chimique, sont caracterisees par Ia multiplicite des stades 1. Ceci explique 
d'ailleurs, Ia predominance dans ce milieu de peuplements a tendance monospecifique. C'est le cas par 
exemple, de Ia succession qui a eu lieu au printemps 1985. En effet, le stade 1 de cette succession 
debute en fevrier ( courbe 2 ); Ia Iaible diversite ( 0.65 biVcell.) et !'allure sigmo'ide du diagramme 
traduisent Ia forte dominance de l'espece pionniE)re Skeletonema costatum . A partir de mars 
( courbe 3 ), le peuplement se diversifie ( Hs = 1.80 bits/cell. ) avec regression de l'espece de rang 
1 ( Skeletonema ) et poussee de celles des rangs 2 ( Chiarella), 3 ( Cyclotella ), 4(Ankistrodesmus ), 
5 (Hyaloraphidium ), 6 (Crucigenia ). II s'agit d'un slade intermediaire entre les stades 1 et 2. Le 
slade 2 est atteint en avril (Hs : 1.85 bits/cell.) avec une codominance des especes presentes dans 
le milieu ( courbe 4). Au mois suivant ( courbe 5 ), un nouveau cycle se manifeste avec une chute de 
Ia diversite ( Hs = 0.83 biVcell.} consecutive a Ia pullulation d'Ankistrodesmus. 

Les conditions de milieu, variables dans le lac lchkeul imposent aux peuplements une 
readaptation quasi perman~te qui se caracterise par Ia multiplicite de ces stades 1 et 2. Le stade 3 
de Ia succession n'a ete observe qu'en decembre 1986 ( courbe 16 ). Le lac lchkeul apparait en cela 
comme un lac a caractere eutrophe. En effet, d'apres Amblard ( 1987 ), en milieu eutrophe, Ia 
delimitation des differents stades semble beaucoup plus aleatoire et Ia taxocenose ne parait jamais 
atteindre un niveau de structuration eleve et durable. 
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Hydrology and Phytoplankton in Greek Shoals 

0. GOTSIS-SKRETAS, N. FRILIGOS and S. BARBETSEAS 

National Centre for Marine Research, t 66 04 Hellenikon (Greece) 

The Messolonghi Lagoon (Fig. 1) borders the north-west side of the 
Patraikos Gulf, in the Ionian Sea. In the north, the Aitolik,-,u Lagoon 
(st. 1 and ~) has a maximal depth of 28 m. It receives drain water 
pumped from the neighboring fields. Its salinity remains close to 14% • 
A dam separates it from location l which h?~ a depth of just 0.6 m and 
nearly double salinity. Farther south lies the central portion of the 
Messolonghi shallows (st. ! to lll . It has dept.h.s between 0. 2 and 1. 2 m 
only. In the south, a barrier of elongated islets does not prevent some 
mixing w'.th the open sea water. Its salinity exceeds slightly 1:hat of 
the Patraikos Gulf in summer, as a result of evaporation and falls well 
below it in winter owing to the inflow of fresh water or rain. The pier 
protected Palaiopotamos Lagoon (st. lll has a depth of merely 0. 3 m. 
The also well enclosed Kleissova Lagoon (st. 11. and ill presents 
similar depths and salinity. The shallow ( 0. 3 m) canal of station 15 
receives the waste water from the Port of Messolonghi. As a result, it 
has a steady salinity of 24% • 
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Fig. 1 Sampling locations in the Messolonghi Lagoon. 

In June and December 1983, surface water samples were taken at 15 
stations in the Messolonghi Lagoon. The examination concerned the 
phytoplankton, temperature, salinity, phosphate, silicate, ammonium, 
nitrite and nitrate. Phytoplankton samples were fixed with lugol 
solution and analysed by the Utermohl ( 1931) method. Nutrient analyses 
were made l:Lthe methods of Strickland and Parsons (1972). Also, the 
sediment was analysed for organic carbon. In June, the temperature 
varied from 21 to 28.0 C and the salinity from 13 to 51%. In December, 
both temperature and salinity were reduced. The dissolved oxygen 
content was rather low ( 4. 7 ml/1) and variable in June. It was higher 
(5-6 ml/1) and almost uniform in December. The ·concentration of 
nutrients were higher than those usually observed in the Mediterranean 
Sea and generally went up from June to December. 

The variety of environmental conditions prevailing in the above six 
areas of the Messolonghi lagoon caused drastic changes in their 
phytoplankton compositions (Table 1) . In June, the concentrations of 
diatoms reached enormous heights in a and 11<- The dinoflagellates also 
abounded there- The microflagellates were extremely dense in f.. In 
December, the levels of the diatoms fell sharply to about one seventh, 
those of the dinoflagellates to a quarter, while the microflagellates 
decreased only marginally. The diatoms still pro1 iterated in a. the 
dinoflagellates in )! and f. and the microflagellates in 11<- As a rule, 
the number of species did not rise with the number of individuals. 

Table 1. Mean surface phytoplankton values (cell X 103 /1) in the stations of the areas A-F 

Time June December 

Area 

Taxa St. 1-2 3 4-11 12 13-14 15 1-2 3 4-11 12 13-14 15 
-----------------------------------------------------------------------------------------
Diatoms 1122 35 25 71 2850 105 528 36 12 83 24 35 
Dinoflagellates 256 3. 2 5. 3 5 86 26 8-7 41 7 5. 5 18 48 
Coccoli thophores - 0.1 L2 0. 2 0. s 
Si licoflaqella tes 1 0.1 0.1 
Total phytop1. 1379 38 30 76 2939 131 538 77 19.4 88 43 83 
JJ-flaoellates 513 2570 404 4750 832 44200 2660 195 2329 1080 3480 1160 

Dia/Tot.phyt. ('Ill 81 92 83 93 97 80 98 46 62 94 56 42 ... -n. /Tot. phyt. 0.4 67 13 62 0.7 340 5 2 131 12• 79 140 
------------------------------------------------------------ -------------------------

The Ai tolikou Lagoon, displayed a phytoplankton composition 
entirely unlike that of the other very shallow expanses. The 
semi-enclosed ponds (B, D, E, F) rich in organic matter, with sea water 
hardly getting into them-;- t;nd;d to hold more phytoplankton than the 
open shoals. The enormous microflagellate growth there in summer 
appears to denote a greater tolerance pollution, extreme salinity 
changes and turbidity. )!, though much less brackish, resembled !1. 
whereas !1;. and [ had many species in common. The greater pollution in f. 
explains the extreme multiplication of microflagellates of the expense 
of the larger cells. Great differences were also noticed in species 
composition: In June, Chaetoceros tortissimus, Rhizosolenia calcar 
avis, Gymnodinium sp. attained high concentrations in a. whereas in 
shallows certain genera belonging to pennates, such as· Navicula, 
Nitzschia, Amphora, Synedra, predominated. 
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E-III4 
La Dynamique du Phytoplancton du Lac Sursale Tekirghiol pendant 

les annees 1988-1989 

V.-H. SKOLKA, Mariana NAZIRU et Maria RUSU 

lnstitut Roumain de Recherches Marines, Contantza (Roumanie) 

Abstract : .This work presents the development cycle of phytoplankton of 
the Lake Tekirghiol In 1988-1989 period. 

Dans nos travaux anterieurs (1979, 1981, 1983, 1984, 1988) nous avons 
presente !'evolution hydrologique de ce lac et scin influence sur Ia dynamique 
qualitative et quantitative du Phytoplancton. La presente note est Ia derniere 
d'un cycle qui s'est deroule en conditions de haute pression anthropique et de 
protection de son ecosysteme. A partir de 1990, des mesures plus efficaces 
conduiront a des changements plus radicaux. 

Durant l'hiver 1986-1987, extremement rigoureux, les temperatures 
negatives enregistrees, jusqu'au 20 mars 1987, et les grandes quantites de 
neige non fondue ont favorise, a Ia surface du lac, Ia formation d'une couche de 
glace de 4 a 7 em d'epaisseur, qui a subsiste longtemps. 

Les hivers suivants de plus en plus chauds et sees, ont ate benetiques 
pour l'ecosysteme. Si, en 1987, Ia temperature de 10°C a ate relevee, a Ia fin 
du mois d'avril, en 1989 elle etait deja atteinte en mars. L'apport diminue 
d'eau douce meteorique et provenant d'irrigations a baisse le niveau du lac de 
102 em, en octobre 1987, a 94,7 em, en octobre 1988, et a 80 em en 1989. Ceci 
eut pour consequence d'augmenter Ia salinite maximale de 57 g % en septembre 
1987 a 58,44 g %, en septembre 1989. 

En 1988, un hiver chaud et sans precipitations a favorise le 
developpement de !'association de l'automne precedent. L'absence du 
Zooplancton a engendre l'accumulation du Phytoplancton de 1.093.800 cell/1 et 
3.311 mgtm3 en octobre a 4.570.000 cell/1 et 30.095 mgtm3 en mars, ou 
predominaient Glenodinium gymnodinium et Chroomonas caudata. L'association 
a diminue, jusqu'en mai en fonction du developpment du Zooplancton. Pendant 
les mois de juin-juillet. lorsque l'on constate Ia disparition presque totale du 
Phytoplancton, se developpe Characiopsis aristulata. Apres Ia chute brusque de 
Ia population d'Artemia du mois de juillet, les valeurs du Phytoplancton 
s'elevent a nouveau, par le developpement de Ia meme association Glenodinium 
cryptomonas (Tableau 1). 

Tab. 1 : Densite et biomasse du Phytoplancton du l.ac 'l'akirqhiol 
en 1988-1989 

Mois/Annee 1988 1989 

No. cell/1 mg/ml No. cell/1 mg/ml_ 
II 63.700.000 85.913,0 

III 4.570.000 30.095,0 25.850.000 53.870,0 

IV 3.375.000 25.339,5 5.489.000 16.852,0 

497.600 3.432,2 116.000 269,6 

VI 1.900 5,2 230.000 457,2 

VII 194.000 37.7 181.000 198,2 

VIII 1.086. 700 2.497,2 20.731.800 144.564,6 

IX 4.886.300 154,7 

5. 721.300 14.771,3 95.085.700 12.751,5 

Moyenne 2.206. 700 10.881,3 21.574.700 24.328,7 

La fragilite de l'ecosysteme se revele a nouveau, en 1989, avec 
!'apparition, dans le plancton, d'especes nouvelles pour le lac : Trachelomonas 
eurystoma Stein, Cryptochrysis commutata Pasch. et notamment Gymnodinium 
excavatum Nyg. qui, des le debut, deviant une espece de masse. II est quand 
meme a souligner que, jusqu'a present, dans ce lac, n'a pas eta signalee 
l'appaiition d'especes toxiques. 

L'hiver, plus chaud que le precedent, favorisa une accumulation plus riche 
encore, jusqu'en fevrier. Les especes dominantes furent Chroomonas caudata, 
Glenodinium gymnodinium et Gymnodinium excavatum. Pendant les mois de mai 
a juillet, lors de Ia diminution estivate, les especes planctoniques typiques 
ont presque disparu. Les densites et les biomasses sent dues a l'espece 
Synedra tabulata dispersee dans Ia masse d'eau par les plaques de Cladophora 
vagabunda en epave ce qui permet a Ia population d'Artemia de ne pas diminuer 
par absence de nourriture, comme ce fut le cas les annees precedentes. 

D'aout jusqu'en octobre, les quantites de Phytoplancton s'accroissent a 
nouveau, apres !'apparition, en grand nombre, de Dendromonas cryptostylis. 
Chlorobotrys polycloris (de petite taille), Woloszynskia leopoliensis, 
Chroomonas caudata et Glenodinium gymnodinium. 

Cette evolution du Phytoplancton due a Ia clemence des temperatures 
hivernales, favorise le developpement du Zooplancton consommateur. 
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Distribution and Ecology of Phytoplankton in EI-Mex Bay (Egypt) 
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National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

El-Mex Bay represents a shallow sheltered estuary, lying west of Alexandria at 

longitude 29° 50' E and latitude 31° 10' N. It extends parallel to the coast line for 

about 7 Km between El-Agamy lj.eadland and the western Harbour and has an average width 

of 3 Km (Fig. 1). Its total area amounts to about 20 Km2 . The depth of water in the 

l:::ey fluctuates between 1.5 and 15 meters, being rrore shallow near to the shore and the 

depth increases gradually seawards. 

Horizontal distribution of phytoplankton (thousand u/1) 
in the surface water and near bottan layer at El-Mex bay 

Fig.l 

The J:::ey receives large amounts of draJ.nage water contaminated with sewage and 

industrial wastes fran the Umum Drain. The salinity of the surface water is highl} 

reduced particularly infront of the outlet of the drain and it fluctuated between 

6. 7 % •• and 32.7 %. • The near bottan layer was less affected and the salinity was 

always over 37.6 % •• Quantitative and qualitative estimations of phytoplankton at both 

the surface and near bottan layer have been carried out in the l:::ey for four seasons . 

According to the high load of nutrients discharged with the drain water, the bay is 

highly eutrophic. The highest density of phytoplankton was recorded at the surface 

around the opening of the Umurn Drain (Fig. Il, while it decreased gradually towards the 

offshores. The near bottom layer was less productive throughout rrost of the year except 

in winter. The average annual standing crop for the wljole bay amounted respectively 

96,560 and 26,980 units/1 in the surface water and near bottom layer. The phytopla'll<tc" 

COlliTlunity included both allogenetic fresh and brackish water species introduced with 

thethe Umum Drain water and autogentic forms of marine origin. The former comprised 

green algae, euglenophytes, cyanophytes as well as many diatom species, while the latter 

included marine diatoms and dinoflagellates. 

OJ.lorophytes constituted about 54.7 % of the total phytoplankton in the l:::ey (average 

33,805 cells/1). They were daninated by members of the genera Scenedesmus, Closteritnn 

and OJ.lorella. Diatoms ranked as the second important class with about 24.3 % of the 

total f.hytoplankton counts (average 15,015 cells/1). They were daninated by Cyclotella, 

Nitzschia, ~and Chaetocerous. Euglenophytes (Euglena spp.) appeared less frequent 

and they averaged 7, 250 cells/1, forming about 12.2 % of the total phytoplankton counts. 

They are indicators of water pollution. Dinoflagellates and cyanophytes were infrequently 

recorded. 

The _l:hytoplankton COlliTlunity showed an outstanding peak of 257,630 units/1 in the 

surface water during the spring, mainly due to green algae, while it remained at lower 

values in the other seasons, which amounted 26,040; 44,330 and 58,220 units/1 in winter, 

surrrner and autumn respectively. 

The J:::ey is considered among the eutrophic marine habitats. Nevertheless, the 

polluted water of the Umum Drain should be treated to improve its quality before being 

discarded into the J:::ey. 
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Biological Investigations on Zooplankton Composition in three 

Lagoons from Western Greece 
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Sevenll pub! ications exist on the composition and spatial 
distribution of the zooplankton in the lagoons .. nd closed bays in 
the Mediterranean Sea ( Comaschi Scaramuzza & Marti no. 1981: 
Specchi & Fonda Umani. 1981: Ferrari et al. 1982: 1985: SiokoL 
Frangou. 1986 l . However most of these studies have been conducted 
using a particular sampling method and a special design net 
without previously performing test to assess the efficiency of 
the sampling gear. On the other hand, the differences on the 
so3mpl ing equi pments that have been used contribute to the 1 ack of 
information and confusion since the obtained results are rarely 
comparable. 

Zooplankton was collected from three lagoons (Logarou. 
Tsoukalio and Rhodia) in the area of Amvrakikos Gulf (Western 
Greece). Four different nets were used (two conical with 132 and 
200um mesh size gauze and two rectangular with 63 and 132um 
gauze) for a period of 6 months during 1987 at 4 stations in 
these 1 a goons. On the tot a 1 94 samples were collected. The 
abovementioned gear was chosen in order to give a global picture 
of the zooplankton composition and biomass values in these 
different sites using the described nets. In addition. an 
<3pproach was made to clarify problems related to zooplankton 
sampling in very sha 11 ow waters and provide the too 1 to 
facilitate any decision to clloose the appropriate sampling gear 
in these habifats. 

Fig.l STATION 1 LOGAROU. BIOMASS fig.2 STATION 2 LOGAROU. BIOMASS 

1000 

Fig.3 TSOUKALIO. BIOMASS Fig.4 Bl 0 MA5S 
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BIOMASS VALUES USING TilE FOUR MESH-SIZE NETS. 

cl32 : 132pm cc•nical net: rl32 132prn rectangular net: 

c200 200pm conic~! net: r63 63}-'m rectangular net. 

Biomass values were relatlvely higher in Logarou than in the 
other lagoons for the whole sampling period with values sometimes 
exceeding an order of magnitude (Figs 1. 2. 3. 4). Densities of 
organisms in the samples expressed as number per m' were 
fluctuating between months. having generally. a good relation 
with the biomass values. Some major differences in the total 
density bet;.ween samples and between stations during the sampling 
period were observed. showing that the most productive lagoon was 
the largest lagoon (Logarou). The number of zooplankton groups 
and their abundance varied in relation to the net type. Important 
differences exist between samples collected; ith different mesh
size nets. High abundance of cope pods was genera 11 y observed in 
samples collected with the 200 urn net. while copepod nauplli and 
bivalve larvae were abundant in samples collected with the 63 urn 
net. Not statistical differences were observed when different 
type nets with the same mesh-size were applied for sampling 
(conical and rectangular 132um). The use of only one net type is 
not the appropriate method for sampling in the lagoons and in 
order to give a representative estimation of zooplankton 
<3bundance. severa 1 mesh size nets shou I d be used. 
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Zooplankton of Lake Gebekirse (lzmir-Turkey) 

M. Rusen USTAOGLU and SQieyman BALIK 

Ega University, Faculty of Science, Department of Biology, Section of Hydrobiology, Bornova, lzmir (Turkey) 

Lake G<=b<=kirs<= is a[l alluvial dam lak<= with an ar<=a of almost 75 h<=ctar<=s , a 

maximum d<=pth of l<=ss than 5 m<=t<=rs and slightly salty wat<=rs (Fig. 1). Th<= lak<= is 

f<=d mostly by rain and some fr<=shwat<=r sourc<=s on th<= north<=rn side. It has a 

connection to the Aegean S<=a via a man-made southern channel to KOQOk Mender<=s 

River. The lak<= is surrounded completely with re<=ds (Phragmit<=s australis). 

Veronica anagillis-aquatica and Juncus hybridus w<=re obs<=rved in th<= water. Juncus 

acutus, Halimione portulaca ides and Salicornis europe a were reported from saline marsh 

area near th<= lak<= (SEt;:MEN and LEBLEB:iC:i, 1982). During our investigation, w<= found 

Moerisia pallasi (Moerisiida<=-Hydrozoa), which is a n<=w species for Turkish inland 

waters (BALIK and USTAOtiLU, 1987). Th<=r<= ar<= 11 fish sp<=Ci<=s living in the lak<= , 3 of 

them are freshwater species (Cyprinus carpio, Barbus capi to, Gambusia affi.nis) and the 

rest of them originated from salt water (Mugil cephalus, Liz a ramada, Liz a saliens, 

Liz a au rata, Anguilla anguilla, Dicentrarchus labrax, Sparus au rata, Solea vulgaris). 

The yearly physico-chemical ratios in the surface water of the lake ar<= as follows: 

Transpar<=ncy, 35-165 em; T<=mperature, 10.8-27. 7°C; pH, 7.1-8.0; Dissolv<=d Oxyg<=n 

(DO), 8.99-12.15 mgl-
1

; Salinity, 1.976-4.281%o; ca2+, 90.84-175.40 mgl- 1 ; 

Mg
2
+, 84.30-1%.99 mgl-

1
; Total Hardn<=ss, 573.33-1153.00 mgl- 1 ; T<=mporary 

Hardness, 10.82-36.40°d; Ncf-N, 1.503-14.830 pgl-\ ND)-N, 0.000-288.980 

pgl-\ NHt-N, 9.260-495.320 pgl-\ PD~--P, 2.860-417.530 pgl-\BALIK and 

USTADtiLU, 1988). 

Fig. 1. Location and sampling stations in 

Lak<= G<=b<=kirs<=. 

Lake G<=b<=kirs<= is an <=utrophic and brackish lake with a salinity above 3% 

(exc<=pt in F<=bruary and March wh<=r<= h<=avy rainfall occurs). 

Zooplankton samples wer<= collected from 3 stations at monthly intervals for a 

one year period (October 1984-September 1985) with a zooplankton net of 60 p mesh 
size. The samples were fixed in 4% formaldehyd<=. 

Th<= zooplanktonic organisms of Lak<= G<=b<=kirs<= b<=long mainly to th<= Rotif<=ra, 

Cladoc<=ra, Cop<=poda, Hydrozoa (Limnom<=dusa<=), Decapoda (Zo<=a larva<=) and Mysidac<=a 

groups. 

A total of 20 sp<=cies have be<=n id<=ntified in th<= lake, complied of 11 sp<=cies 

of rotifers, 4 speci<=s of cop<=pods, 2 speci<=s of cladocerans, 1 species of 

Limnomedusae, 1 speci<=s of Mysidacea and 1 species of d<=capod zoea larvae. 

The monthly distribution of th<= zooplanktonic organisms found in Lak<= G<=b<=kirs<= 

are given Table 1. 

Table 1. Monthly distribution of zooplanktonic organisms in. Lak<= G<=bekirs<=. 

SPECIES MONTHS ONDJFMAMJJAS 

HYDROZOA 
Moerisia pallasi + - - - - - - - - - - + 
ROTIFERA 
Brachionus quadridentatus + - + + + + - + + + + -
Brachionus urceolaris + + + + + + - + + + + -
Brachionus calyciflorus - - - + - + - - - - - -
Brachionus angularis - + + - - + - - - - - -
K<=rat<=lla quadrata - - + + + + + + + + - -
Keratella valga - - + - - - - - - - - -
Notholca acuminata - - - + + - - - - - - -
Notholca squamula - - + + - - - - - - - -
Lecane luna - + - - - - - - - - - -
Hexarthra fennica + - - + - + - + - - - -
Hexarthra oxyuris - - - - + - - - - - - -
CLADOCERA 
Alona r<=ctangula - - - - + - - - - - - -
Chydorus sphaericus - + + - + - - - - - - + 
COPEPODA 
Calanipeda aquaedulcis + + + + + + + + + + + + 
Diacyclops bicuspidatus - - - - + + - - - - - -
Mesochra aestuarii - + - - + + - + + + + -
Ergasilus cf. si<=boldi - + - - + + - + + + + '+ 
DECAPODA 
Pal aemonetes antennarius - - - - - - - + - - + -
MYSIDACEA 
Mesopodopsis slabb<=ri + + - - - - - - - - - + 
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La communaute sooplanctonique de la lagune Sincie a fait l'objet de 
recherches aystematiques depuis 1971. On a pu ocnstater lea dernieres annees une 
tendance de stabilisat'ion de sa structure qualitatiYe, aveo la dominance des 
espeoes &U%7halines et lilll1iooles, leur repartition dans la lagune permettut la 
dtllimitation de 4 sones distinotes (2). 

L'eboulement, a l.a fin de mars 1989, du cordon littoral a determiUe la 
salure des eaux de la lagune at oom~~e suite, surtout des changements d'ordre qua
litatif dane la communauU zooplanctonique. On lee a surpris en etudiant 50 
echantillcns quantitatifa preleYtls cheque mcis (except& le mois d'ao1lt), des eaux 
de aurfaoe (0- 0,25 m) dans lea stations habitaellee (2). 

On a determine 39 eapeoes (36 holo- et 3 aeroplanotoniques), dont la 
dominance ne depaase que rarement 50 1> (Pilinia limnaetioa, AcarUs olausi et 
Calanipeda aguae-dulcis).Par rapport a la situation de 19841 la zocplanctcnofaune 
s'est enrichie par 6 espeoes penHreee aveo lea maaBea d'eaux marines et autre& 
typiquement limnicoles a l'ocoasicn des crues des eaux des canaux de liaison a._ 
le lac Razim (tableau l).On n'a plus retrouvi!i 23 eapeoea, surtout las Cladaoerea 
Daphnia macna Straus, Leptodora ltindti (J'oolte), Ceroopyie pe!lll!!i (OstroumOY) et 
des Copepodes comme Heterooope caapia Sars, Aoanthoorclopa spp., espeoea oaraot6-
ristiquea pour la l&£U!le 1 responsables des hautee valeurs de densittl et· hicaasse 
constatees en 1984 (1, 2). En 1989 la densite moyenne du zooplana.ton a tlttl de 
135838 ex.m-3, lui revenant une biomass& de 370 mg.m-3, 7 fois plus basse qu'en 
1984 (1). 

Pour la p6riode a salinite accrue, on a fait des comparaisons entre lea 
stations en oe qui ooncerne la salinite, la densite dee zooplanotontea, sinai qae 
le nombre d'espeoes et l'indioe de diversit<l, ocmae suitJ 

STATIONS 1 4 4 
JI!OIS 

Saliniti!i (g JiaC1.1-1 ) Densittl (ex ... - 3 .1000) 

IV 6,05 5,33 6,59 5,6o 6,09 189 172 277 214 36 
v 3,59 3,51 4o85 5,04 4,72 4,52 4,83 48 6 55 33 29 3 2 
VI 4,52 4,41 4,47 4.38 4,27 4,34 - 1389lo84 527 448 234 38 
VII 2,36 2,23 2,25 2,20 2,72 2,47 3,10 224 201 385 323 218 172 207 
IX 1,90 1,74 1,63 1,97 2,04 1,99 2,97 146 249 235 301 236 278 340 

liombre des especea Indica de diverdt6 
( d' apres SIWiliOII-lllBill!l) 

IV 14 11 7 8 9 - 2,24 - 2,43 2,29 2,14 2,71 
v 9 12 12 8 9 8 5 2,76 2t47 2,32 1,97 1,59 1,39 1,85 
VI 8 8 9 8 8 7 0,43 0,40 o,n 0,36 o,l!6 o,65 
VII 8 9 11 11 8 8 10 2,33 2,50 o,89 0,99 1,19 o,98 0,71 
IX 8 12 11 12 13 12 12 0,99 2,11 1,88 2,46 3ol5 2,19 2,11 

On peut constater que le d;rnamisme des masses d'eau de diYereea eri 
gines/salinitea a produit des changements dana la. rtlpartition des llooplano1entea 
dans la 1agune de aorta que la delimitation des 4 zones distinotes (2) ne soit 
plus possible. c•est dans la moititl du ncrcL cu, en avril et en mai abondct lea 
especes marines, bien que la sone sud a un aspeot appauvri. L'unifor10ittl oa.raot6-
r1se la communauttl zooplanctonique en ete, avec la mention qu'en juin 11 7 a me 
explosion des stades naupliales des copepcdes, tandia qu'en juilld ~ 
~. Corniserius maeoticus et Acartia clausi sont lee espeoes dominantea. :aa 
septembre, aeulement la zone sud garde son caractere marin, la pr6senoe dee 
especes limniccles dans celle du nord prouvant une massive penetration des aasaea 
·d'eaux danubisnnea. 'l'ablen 1 

.Prequenoe d'appariticn dans lee echantilloas(1>)des especes (lagune Sinoie 1 1989) 

B s e 0 e B 
• 0 i 8 II III IY v VI VII IX I n nx 

Tintinnopsis meunieri Kofoid&Campbell" - - 6 14 6 -
Ncctiluca miliaria Surira;r" 4 -
Brachionus quadridentatus Hermann 4 2 14 4 
B. caliciflorus v. amphiceros Ehr. 6 6 
B. plicatilia Jt!1ller - 12 
B. rubens Ehrenberg 14 2 
B. fcrficula Viersejki- - 2 4 
B.diversicornia v.homocercs Wierzejlti - 2 
B. angu1aris Gosse 12 
Keratella cochlearis Gosse 10 10 
K. valga Ehrenberg"'"' 6 8 
K. quadrats JIUller 6 12 8 2 2 2 
Notholoa acuminate Ehr. - 14 6 4 
Argonothc1oa foliacea Ehr. 2 2 
Lecane sp. 8 - 14 14 4 
Pol.;rarthra remata Skorikow"'" - 6 
Synchaeta littoralis Rouse. 6 12 
He:mrthra fennica Lov. 6 
F'ilinia limnaetica Zacharias -14 12 14 14 
Pol.;rchaeta - larvae" 4 - 2 
Bivalvia - larvae - 10 -
Balanus improvisue Darwin - larvae ..., - - 10 4 
Ceriodaphnia quadrangula(O.l".Miiller) - - 4 
Bcemina longirostris ~O.F.Mtfller)..,. 2 8 
Eurycercus 1amelatus O.F.Idfiller) - 2 
Alonella e:tigua (Lilljebcrg);u; - 2 8 
Chydorus sphaerious ( O.F.Mtfller) - 4 6 
P1eopis polyphemoides (Leucltart )"' 8 - 2 
Cornigerius maeoticus (Pengo) - 4 12 14 10 
Acartia clausi Giesbrecht" - 10 14 12 14 10 
C&lanus he1golandious Claus" 4 -
Calanipeda aquae-dulcis (Kritsoh.) 4 - 10 12 10 - 14 6 4 
Eurytemora velcx (Lilljeborg) - 8 10 - 6 6 
E. 1aoustris Poppe 2 - 10 - - 12 6 -
E. hirundoides Nordquist 4 2 6 10 -
Euoyclops serrulatus (Fisch.).,.. 4 4 
Cyclops rubens {Jurine)"" 
c. vioinue (Uljanin} 4 
c. so.utife:n· (Sars} 4 
£,tclops ep. 2 

Salinitl moyenne (g NaCl.l-1) 1,8 1,4 5,2 5.9 4.4 4.4 2,5 2,0 1,4 1,3 1,8 

Densite moyenne {e:z:.m-3 .1000) 82 79 49 178 25 621 247 298 35 10 

Nombre des especes 9 10 6 15 16 10 18 17 9 9 

Eepeoes qui enrichissent la zooplanctonofaune en 1989: ")marines; "")limnico1es. 

BIBL 1 OGRAPHIE 
1. ONCIU T., RUSU M., 1986- Rapp.Comm.int.J(er Medit., 30, 2: 55• 
2. ONCIU ,;>., RUSU M., 1988- Rapp.Comm.int.Mer liMit., 31, 2: 74• 

Rapp. Comm. int. Mer Medit., 32, I ( I990). 



E-III9 
Dynamique de I'Aigue Cladophora vagabunda L. et du 

Phyllopode Artemia salina Leach. du Lac Sursale 
Tekirghiol en 1988-1989 

V.-H. SKOLKA, Maria RUSU et Mariana NAZIRU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

Abstract Dynamics of the species Cladophora vagabunda L. and 
Artemia salina Leach. Production is presented in the mentioned 
period. 

Les proprietes therapeutiques des eaux et de Ia vase du lac 
Tekirghiol sont connues depuis les temps de Ia domination turque. A 
partir de 1890, des initiatives privees, puis gouvernementales 
etablirent des exploitations balneaires sur ses rives. 

Les premieres recherches commencerent a partir de 1900 
(TUCULESCO, 1965). La surveillance de l'ecosysteme se poursuit 
maintenant, soigneusement, (SKOLKA, 1983, 1984, 1988), afin de 
prevoir et d'eviter les actions anthropiques defavorables. 

A partir de 1970, le lac a subi l'effet d'eaux deuces provenant 
de systemes d'irrigations agricoles, qui endommagerent !'evolution 
normale de l'ecosysteme et de son pouvoir de peloTdogenese. Apres 
les mesures prises en 1978, Ia situation hydrologique s'ameliore 
lentement, mais les productions annuelles des deux especes citees 
presentent des variations inattendues. 

La distribution en profondeur de I'Aigue Cladophora est 
conditionnee par Ia presence du fond rocheux non colmate et d'un 
bon eclairage. La presence de~ pellicules gelatineuses de Diatomees 
empechent parfois sa fixation sur les rochers. C'est ainsi que sa 
distribution quantitative n'est pas Ia meme d'une annee a !'autre, 
entrainant des variations de ses stocks. Apres avoir attaint 2. 054 
tonnes de poids frais en 1986, ses productions diminuerent a 1. 312 
tonnes en 1987 et 1. 268 tonnes en 1988. 

Grace aux conditions climatiques favorables, en 1989 I'Aigue 
se developpe sur tout le littoral du lac de telle maniere que ses 
frondes atteignent Ia surface de l'eau en de grandes etendues, a une 
hauteur de 2-2,5 m. La production realisee fut de 3. 189 tonnes de 
poids frais. 

Le developpement du Phyllopode Artemia salina est determine 
par Ia date ou est atteinte Ia temperatures d'eclosion de ses kystes 
et, ensuite, par l'abondance de Ia nourriture . 

Les deux hivers chauds accelerant !'apparition des premiers 
nauplii de Ia fac;on suivante : 68 exfm3 en mars 1988 et 2. 379 
exfm3 en mars 1989 pour 222 ex/m3 en avril 1987 (Tableau 1). Les 
six generations qui suivirent se developperent d'une fac;on 
differente d'une annee a !'autre. 

En 1988, Ia nourriture phytoplanctonique, riche apres l'hiver 
favorable, disparait presque totalement pendant l'ete, ce qui 
produit une chute brusque de Ia population d'Artemia avec une 
Iegere augmentation jusqu'a l'automne. 

Tab. 1 : Evolution du Phyllopode Artemia salina au cours des annees 
1988-1989; de I a VI sont indiquees les generations successives en 
ex/m3. 

\ : 1 . ! ~ ~ \ ~ ",-. ' ! "'· .',j -,. -, ~ 
~~------~~~~--~~-----··~~ 

En 1989, Ia population d'Artemia commenc;a avec un taux 
accru de nauplii, soutenu par une base trophique plus abondante. 
Apres avoir attaint une grande densite de nauplii de Ia 11e 
generation, en mai, les especes phytoplanctoniques disparurent 
presque totalement; ce fut Synedra tabulata diospersee par les 
plaques flottantes d'Aigues, qui assurera Ia nourriture pour une 
population d'Artemia de plus en plus nombreuse. 

Le stock total d'Artemia augmenta d'un an a !'autre de Ia 
maniere suivante : 56 tonnes poids frais en 1987, puis 74 tonnes en 
1988 et 119 tonnes en 1989. 

En conclusion, pour Ia peloTdogenese les quantites totales, en 
poids frais sont les suivantes : 1. 368 tonnes en 1987, 1. 341 
tonnes en 1988 et 3. 308 tonnes en 1989. 
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Report of Preliminary Results on Inoculation of Artemis tranciscana 

in nondeepened ponds of Saltern Ston (Central Adriatic) 

Andelka PETROVIC 

Institute of Oceanography and Fisheries, Sat. Mose Pijade 63, Split (Yugoslavia) 

Parthenogenetic brine shrimp Artemia is presented in 
Yugoslavia in saltworks in Strunjan, Secovlje and Ulcinj (MAJIC and 
VUKADIN, 1987). Considering cyst diameters of hydrated untreated 
cysts, Yugoslavian Artemia from Secovlje are bigger when compared with 
more than 70 Artemia sources of the world (Sveuciliste u Splitu, 1985, 
LEGER and all., 1986, PETROVIC, 1987). The lack of the cysts, suitable 
for the Yugoslav mariculture results in a total dependence on the 
imported cysts. For that reason, in August 1987 inoculation with 
Artemia franciscana was carried out in the nonmodified ponds the salt
~ Ston (42 6 50'N; l7°4l'E). The inoculation was realized in an 
evaporation pond ( 1020 sq.m •. depth 15 em) and the Rotonda canal ( 200 
sq.m., average depth 30 em). The aim of present experiment was to 
collect preliminary data on environmental conditions and to verify if 
introduction of Artemia could result in the establishment of a tempo
ral Artemia population in the nonmodified evaporation ponds of saltern, 
where had never been recorded Artemia before. 

Before stocking the nauplii, the ponds were drained to era
dicate predatory fishes ~rinodon calari tan us S. V. After drying the 
evaporation pond and Rotonda were felt with brine of 84 ppt and 75.4 
ppt. After fertilization according to WALNE ( 1966) the inoculation was 
carried out with nauplii of Artemia franciscana, a bisexual strain 
from San Francisco Bay (batc~3-l6). The Artemia cysts were deca
psulated according to SORGELOOS and all. (1977~48 hours old 
nauplii of an approximate size of 350-710 urn were put in the ponds at 
the concentrations of cca 50 ind/l. 

In the evaporation pond the individuals started riding ten 
days after inoculation. The cysts were produced 54 days later at a 
salinity of 232 ppt and at he dissolved oxygen concentration of 1.42-
-2.03 ml/l of 0 2 . There were 4.36 gr cysts collected two times in 
October. As it rained hard two times during the end of experiment, 
nauplii were produced from the cysts. Maximum density of· individuals 
in evaporation was noted 54 th day from inoculation, in cca 540 ind/l 
and all developing forms of Artemia with domination of nauplii were 
presented. 

In the Rotonda canal Artemia started riding on the eight day 
following inoculation. They reproduced in ovoviviparous way up to day 
24 after which they produced 2.68 gr of cysts and they all died. The 
salinity was 87.32 ppt and the dissolved oxygen concentration in the 
morning was 6. 56 ml/l of 0 2 • The concentration of dissolved oxygen 
during the night were not measured. 

At the moment of mass mortality of Artemia in Rotonda chanal, 
the red-tide of dinofllagelate Peridinium sub5ai5Uii\Os!;J'nfeld ( 40x37, 5 
urn) were observed in the concentration of 310 cells pi. . The seawater 
was mucous, of an intensive yellow-brown colour. Alimentary canal of 
Artemia were full with the cysts of dinoflagellates, even on their 
thoracopods. 

Preliminary test inoculation carried out with Artemia 
franciscana in nondeepened ponds showed that in the conditions of our 
climate, Artemia can survive. Temperature varied during the day between 
17.0 and 34.2 6 C, and salinity ranged during experiment between 75.4 to 
232.0 ppt. In evaporat~on pond, at a higer salinity, higer temperature 
and lower water intake, the individuals achieved a smaller lenght and :in 
Rotonda where the salinity and temperature were lower and the higer 
water intake, the individuals were longer. 

The maximum size of Artemia in the evaporation pond was 8781 
urn for males and 8906 pm for females. In Rotonda, the m.;l.ximum size of a 
male was approximately 12430 pm, and that of a female 13063 pm. 
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The Albufera .of Minorca coastal lagoon is located in the NE cost of the 
island (fig.1 ). and its hydrological cycle depends upon .a small basin ca. 25 Km2• 

Some morphometrical parameters relevant to the following discussion are 
summarized in table 1. A tentative scheme of the long term changes in salinity of 
surface waters is presented in table 2. 

Fig.1 Situation of the Albufera of Minorca and bathimetric map 

N 

1 
For the 1983-84 period and to the descriptive purposes of this paper, a 

summary of its biophysical variation is derived following the results. of a PCA of the 
main conservative (depth of the tube, temperature, evaporation, rainfall, mean 
monthly wind, alkalinity, so.. Cl, Ca, Mg, Na, K) and biologically dependent 
parameters (Secchi depth, surface and bottom oxygen content, pH, N03

, N02, Fe, 
PO.). Indeed, additional ecological information is achieved in the PCA because the 
Secchi depth (D) and PO. (P) contents of surface water showed strong correlation 
with Chlorophyll of water column ( D = 6.44 Chi "'·"• r = -0.998 p < 0.01; 
Chi= 17.71 P'·••• r = 0.983 p < 0.01 ). As a result, two main factors contribute 
largely to the overall ecological variability: trophic level and salinity. The evolution 
of the lagoon, based in the position of the loading scores on the plane of these two 
factors, allows a typification of at least three situations. Always mesopolyhaline 
salinities are concerned: the high relative depth of the lagoon minimizes the 
interference and mixing between fall-winter freshwater inputs with "old" summer-fall 
polyhaline waters, making the occurrence of oligohaline states rather improbable 
(Pretus, 1989). 

The three states are commented in the following lines: 
Case 1. A winter-spring water, with salinities covering a range of 10 - 25 g/1. 
Microphytoplankton density increases until 1 o• cells/ml (Nannochloris sp.), this high 
density prevents, because of high turbidity, the development of macrophytes. 
Case 2. A winter-spring water of similar salinity than in case 1, but with clean 
oligotrophic water column, controlled by a dense covering of Chaetomorpha, or a 
combination of this species with Gracillaria, adding Rupia cirrhosa in spring. 
Case 3. Polyhaline summer-fall water, easily reaching so•c in August. Seawater 
intrusions are frequent in this period, but usually mixed by the wind. Then the mean 
salinity of the lagoon remains between 22 - 30 g/1. This situation develops a mature 
covering of Rupia with peaks of phytoplankton (Chaetoceros sspp.), and clean 
waters with Prorocentrum scutellum. 

Tab. 1. Morphometric parameters. 

Surface 72.4 Ha 
Maximum length 1700 m 
Maximum depth 3 m 
Mean depth 1.37 m 
Relative depth 0.312 % 

Tab. 2. Salinity (gil) ranges and month measured 

1983 
1984 
1987 
1988 
1989 

Minimum 
12.9 (Ill) 
14.6 (IV) 
3.7 (II) 
11.6 (Ill) 
23.0 (II) 

Maximum 
29.1 (XI) 
>28.5 (VIII) 
29.4 (XI) 
27 (XI) 
33.2 (XII) 

15 rotifera species were found, 5 of them were new records for the Balearic 
archipelago: Notholca bipalium (Mull.), Proales reinhardti (Ehrb.), Synchaeta kitina 
Rousselet, Encentrum marinum Dujardin and Hexarthra oxyuris (Sernov). Brachionus 
plicatilis Mull. was the most abundant species, and the only rotifer found in 
hipereutrophic states, with densities up to 2500 ind/1. Rotifer populations decreased 
and were controlled because of salinity, which affects fecundity rates more than 
other factors (Miracle & Serra, 1989). Relatively diverse rotifer communities occurred 
in winter-spring waters. 

Crustacea species found were: Acartia /atisetosa Kritsch., Halicyclops neglectus 
Kief., Ectinosoma sp., Euterpina sp. Ergasillus sieboldii Nordm., Nitocra lacustris 
(Schmank.), Mesochra heldtii Menard, Tisbe longicornis T. & A .. Scott, Cyprideis 
torosa (Brady), Cypridopsis sp., Mesopodopsis slabberi (van Beneden). Corophium 
insidiosum Crawford, Gammarus aequicauda Martynov, Lekanesphaera hookeri 
(Leach), Palaemon serratus (Pennant), and Carcinus aestuarii Czerniavsky. Acartia 
tatisetosa behaves as a true planktonic species, and its densities increased in the 
hipereutrophic state of the lagoon. The harpacticoidea were found mainly close to 
the bottom algal and macrophytic communities, and occurred from June onward in 
the summer. Several species disappeared during the hipereutrophic period and 
reappeared later:Masopodopsis slabberi, Cyprideis torosa and Corophium insidiosum. 

Five grey mullets were found in the lagoon: Mugil cephalus (L.), Chelon labrosus 
(Risso), Liza (Liza) ramada (Risso), Liza (Liza) aurata (Risso), and Liza (Protomugil) 
saliens (Risso). Gut contents analysis revealed an occasional intake of small 
organisms as Brachionus and some harpacticoidea. whilst ostracoda, Gammarus, 
and Corophium are more common preys. That pattern shows a high selectivity of 
food supply by grey mullets. 
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In 1988 a Natural Park was declared in part of the Albufera region. At 
present only 3% of the surface area is open water whereas last century water 
covered 30-40%. In consequence the food resources and habitat of aquatic 
species have been greatly reduced and the landscape is very homogeneous with 
emergent macrophytes. 

In order to rehabilitate the area we propose an increase in the volume of 
water which will thus have a longer residence time within the Park. 

1859 2 Kll __ ....... _.....,. 1990 

A plan for use and management (MA YOL I 989) and limnologR:al criteria for 
the rehabilitation of the Park (MARTINEZ-TABERNER et al. 1990) have been 
published. The present work discusses one of the criteria in the latter. 

By predicting the distribution of submerged macrophytes we can determine 
the aquatic zones suitable for rehabilitation. We hope to guarantee the continuing 
existence of aquatic communities that are present but poorly represented and to 
rehabilitate areas for the reintroduction of those species which have disappeared 
(BARCELO-COMBIS, 1879-81; MARTINEZ-TABERNER, 1986; MARTINEZ-TABERNER 
& PERICAS, 1988). 

From the existing information on the physico-chemical dynamics of the 
water and from the environmental tolerances of species we can predict the most 
likely species in the zones of the Albufera which were previously open waters 
(see map of 1859). Having established this prediction we can determine the 
criteria for the selection of new environments within the Natural Park in the 
following way: 

a.- On the vegetation map of the Albufera (FORTEZA & MARTINEZ
TABERNER, 1987), ponds for each community of emergent macrophytes will be 
included (see map 1990) i.e. a ponds within Soncho-Cladietum marisci (1), Typho 
Schoenoplectetum glauci (2), Scirpietum maritimi-litoralis (3), Juncion maritimi 
(4) and Artrocnemetum fruticosi (5). 

b.- The potential vegetation map is superimposed on the map with the 
planned ponds (see map of 1990 with squares) and we will eliminate those that 
offer the same potential vegetation and those that already exist. 

Thus we will obtain not only food resources and new habitats but these 
resources will also be sufficiently diverse to ensure the existence of many 
different species. It could be thought that it would be better to invest in a single 
lagoon but this would only provide a homogeneous change within the Albufera 
and would only serve to maintain many individuals of very few species. 
Furthermore this would homogenize the present physico-chemical gradient of the 
waters which is the most important characteristic of the Park, since it allows a 
wide diversity of environments and species within a small area. 
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Model for the Distribution of Submerged Vegetation in a Gradient of 

Coastal Marsh. Albufera of Majorca (Balearic Islands) 

A. MARTINEZ-TABERNER", I. MESTRE" and M. RUIZ-PEREZ"" 

"Dapartament de Biologia i Ciencies de Ia Salut, Universitat de les Illes Balears, Palma de Mallorca (Espana) 
··oepartament Ciencies de Ia Terra, Universitat de les Illes Balears, Palma de Mallorca (Espana) 

On the basis of the dynamics of physico-chemical variables of water 
outcropping in the . Albufera and the environmental tolerances of submersed 
macrophytes, the most probable composition of submersed vegetation of 
rehabilitated lagoons in the silted coastal marsh is predicted. 

After dividing the Albufera into 10000 m2_ squares we plotted the 
seasonal distribution of values for variables of the environment over the 
digital cartography. These values include all the squares of the margins of the 
Albufera and the values of the isolines among sample stations. The values Z of 
empty slots among squares with values are a function of the variable Z in the 
closeset 4 slots, as an extension of the UTM axes, and their distance in 
relation to the problem slot are extrapolated. The Z values in the problem slot p 
would be as follows: 

Zp-IZaiYa-Yp)tlZb!IXb-XpltiZcNp-Yc)+IZd/Xp-Xdl 
(1/Ya-Yp)t(1/Xb-Xp)t(1/Yp-Yc)t(1/Xp-Xd) 

Zi: value of the parameter Z for each slot. 
Xi,Yi: values of co-odinates for each slot. 

These extrapolations have been applied to N02tN03, PO• and conductivity, 
which correspond to the most important loading factors derived from the 
principal components analysis of the system, and for each season during two 
years. As a consequence we obtain the margins and range of variation for each 
variable within each square. 

The second step consists of the introduction of the data referring to the 
margins and range of environmental tolerance of submerged macrophytes for 
the parameters previously used. 
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From the information of slots and tolerances we calculated the overlap 
between the degree of variation of each square and the tol~rance ~f each 
species by means of a procedure of iterative integration wh1ch applies th_e 
Jaccard index modified for quantitative data (MARTINEZ-TABERNER, 1983). ThiS 
index has a range of variation between 0 and 1 which allows its treatment as a 
value of the probability of occurrence of each species in each of the 
geographical squares. . . 

The probability of occurrence of specie x within square Y 1s a func!•on ?f 
all parameters used. For this purpose the following open express1on IS 

calculated: 

Px,y= 'f5,xS2x ... xSn 

S is the probability of species x within square y for the parameter i. P is 
a total probability and Si represents partial probabilities of each variable used. 

Finally, species are arranged from highest to lowest probability, and an 
inventory of potential vegetation for each square is produced. 
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An Ecological View of a Littoral Zone in a Gulf in West Greece 

Aristidis DIAPOULIS, Thaodoros KOUSSOURIS, Emmanoual PAPAGEORGIOU and !lias BERTAHAS 

National Centre for Marina Research, Hallanikon, Athens (Greece) 

The studied area from ecological point of view can be divided 
into: the coastal lagoons, the marsh regions with salt plains and 
the mouths of the river·s (Louros and Arachthos). Most of the 
lagoons are being located at the delta area and their boundaries 
fluctuate depending on climate and hydrological conditions. Their 
functions are like a natural ft.sr.erY and can be classified from 
nutrition point of view as o!igomesotrophic .. Their fauna and 
flora are typical for brackish water .. This lagoon system is 
of the largest in the Mediterranean region. 

The delta area under investigation is located at the 
Amvrakikos Gulf (20~44 -21~07 E and 38~59 -39~11 B). This Gulf 
represents the maJor Gulf along the West Greek coast (Fig. 1). 
Il is an almost enclosed embayment with a surface of 385 Km"' and 
a maximum depth of 60m. The whole delta coastal region covers an 
area of about 450 Km"'. The delta forming rivers of Louros and 
Arachthos differ with respect to their hydrology and kind of 
drifts 

According to recent information dealing with the studied area 
Louros and Arachthos rivers are the main contributors of water 
from a great run-off basin of 4.400 Km"'. The delta area which is 
bounded by the two rivers, the extended wetlands between them , 
as well as the lagoon system with their coastal ridges, 
area of 450 Km"'. 

Host of the lagoons are located at the delta zone and their 
boundaries fluctuate, depending n1ainly on climatic and hydrologi 
cal conditions. The total surface area and mean depth of all 
lagoons is about 64 Km"' and 1 meter respectively. The bottom of 
the lagoons is composed of decomposing mud where anaerobic 
processes occur", typical of natural conditions. The main aquatic 
vegetation, which covers part of the bottom, consists with 
Zostera noltii Horneman and Ruppia maritima Linne.Salinity 
fluctuates from mesohaline to polyhaline level and pH is weak 
alkaline (pH=B.Bl. Their typical functions are 1 ike a natural 
fishing grocent, while with respect to water qualitY and from 
nutrition point of view,they can be classified as mesotrophic. 

The coastal lagoon system are protected from the sea by 
coastal bars ridges that consist mostly of coastal sands (shells, 
detritus, sluge and other organic materials). In the early 
summertime some areas dry out and are covered with the green alga 
Valonia utricular-is (Roth) Agarc'h, forming balls. Late in summer 
Salicornia europea Linne and other halophytes colonize the area. 

Along the littoral zone of the sea coast, sea grass meadows 
cover in patches the area. Here predominate Cymodocea nodosa 
(Ucria) Aschers. and Zostera nol tii. Most of them are degradated 
by the 9razin9 activities of sea urchins, mainly Paracentrotus 
lividus Lam. and Psamechinus sp. The abundance of these species 
are rather high in most areas (except in areas close to the 
proxillity of the river estuaries), high as 20 individuals per 
square lleter. 
;:..:.-;_:_....,...:,;..i-7------:?1::'"-r------, Karsh regions have an 

extensive reed belt 
wilh an area of 31 K:.JZ 
and with rich 
diversified fauna 
(fish, insects, 
birds). The major reed 
belt area the 
Louros can be 
characterized as one 
of the largest 
coherent belt of 
Phragpj tes austral js 
(Cav _ )Tr in_ in Greece. 
The extended :i'one of 
Phragmj tes australis 
is located in certain 
locations of Louros 

L....-_£;.0;:... ______ --J..DIIL--------1 and the lagoons, 
with stands mainly consisted of Scboenoplectns tsbernaemontani 
Palla, while in locations with strong wave activity I=ha 
angnstifolia Ch.and B., Bnlboschoenns maritimns Palla and l..l:i:i 
psendacorus Linne, occur. 

The two rivers discharging to the delta area differ both in 
llorphology flora and fauna. This is primarily due to their 
different water hydrological characteristics. 

The slower continiously flowing Louros river, with an average 
annual flow rate of 19.4 m"/scc, spillover the banks fine 
sediments that have led to highly oxygenized aud nutritive 
riverside soils. Vegetation communities predollinantly reed belts 
(Phragmites anst ralis, Iris psendacgrus etc.), have been 
developed in clearly zoned regions of great extension and the 
aquatic fauna is characterized by a high diversity. Green algae 
(Cladophora spp and Bnternmorpha spp) aud the red alga 'l'1l2.re.a.. 
ramosjssima Bory are encountered in the area of the river mouth. 
The water llOSS 'ialyinia natnns is found in higher region of the 
river. The benthic or epiphitic fauna of the Louros river 
co11posed of gastropods , crustacea and larval stages of odonata • 
d iptera and trichoptera. 

Arachthos river has a peculiar hydrological regime. It 
depends on the water that the da11 of' Public Power Corporation 
releases regulating thus the flow of lhe river. 

The diversity of the flora and fauna is very low. Around lhe 
muulh area the sea gras c.v..wdl:w~s.a.. the red alga ~ sp 
and blue green alga (Pbor11jdjum sp, etc) are found. Along its 
banks in rare stands the Phragmitcs a~ostralis grows up, while in 
salt plains stands of ~ spp are found. 

Further upstream odonata Iscbnnra el egans, he11iptera (C1.u:..i.ll.a. 
sp) and the gastropoda Tbegdoxns flnyiotiljs, Valyata piscjnalis, 
I imnaea oe~, etc do11inatc. 

Finally the potential resources of lhe della areas are 
severaly altered by various anthropogenic and or natural 
disturbances_ 
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Recherches sur Ia Flore Marine de Ia Lagune d'Homa (Baie d'lzmir, 
Turquie) 

S. CIRIK• , S. CIRIK .. , A. ALPBAz· , S. GOKPINAR' at C. METIN' 

·Ecole Superieure des Produits Aquatiques de I'Universite d'Egee, Bornova lzmir (Turquie) 
.. lnstitut des Sciences et de Technologie Marine de I'Universite de Dokuz Eylul, P.K. 478, 35213 lzmir 

(Turquie) 

La lagune d'Homa se trouve dans Ia partie exterieure de Ia baie d'lzmir en TurqUie. Elle se 

situe a 38" 33'1 0" N et 26" 49'50" E de I'Anatolie Occidentale. Sa profond.eur moyenne est d'un 

metre et elle a une superticie de 1800 ha. 

En ce qui concerne les parametres physico-chimiques et les sels nutritifs, notamment, 

cette lagune est assez riche (YARAMAZ et ALPBAZ, 1988). 

Les ressources vivantes de cet endroit son! importantes. La production annuelle de 

poisson varie entre 30 et 60 tonnes. Les especes economiques son! Spaws aprata. Amwilla 
anw.illla.. MlJ.ail...s.&p, pjcentrarchps lahrax. 

La richesse floristique algale joue un role essentiel dans les chaines alimentaires des 

lagunes. En particulier les Diatomees constituent les nourritures des Mugilides dans les 

milieux saumatres (KIENER, 1978). De ce point de vue, les recherches algologiques son! 

importantes. Nous avons commence a etudier, d'une manh~re mensuelle, Ia !lore marine de 1~ 
lagune d'Homa en mars 1989. Selon nos resultats preliminaires, les especes du phytoplancton 

recoltees appartiennent aux groupes des Diatomophycees (27 sp), des Cyanophyce'es (12 sp) 

et des Dinophycees (5 sp). La vegetation marine macroscopique est constitue'e d'espokes des 

groupes des Rhodophycees (7 sp) des Chlorophycees (5 sp), des Phaeophycees (3 sp) et des 

phanerogames marines (1 sp). 

Des especes de Diatomophycees typiquement saumatres comme Achnanthes lpngjpes, 

Nltzchja !ongjssima, Nitzchja c!osterjpm, S.me.Qra. .uJ.n.a.. Synedra fylgeos var mediterranea 

Surjrella elongata, ~ ~ Coscjnodjscus sp, Rhabdonema adrjatjcum, .Pilllime.is. sp, 

Melosjra borrer;, Cocconejs subljttoralis soot tres frequentes. Parmi les especes 

determinees, les diatomees pennees son! plus abondantes. 

Les Cyanophycees prennent une place importante dans Ia microflore a cause de 

l'eutrophisation et de Ia temperature elevee des eaux peu profondes de Ia lagune pendant les 

periodes chaudes. En particulier Lyngbya majuscpla est l'espi!Ce Ia plus abontante et on Ia 

trouve toute l'annee. Nous avons observe E!galement Oscjl!atgrja erythreum. ~ 

~-

Parmis les Dinophycees, Prorocentrum mjcans est abondant pendant toute l'annee. 

~ sp, Gymnodjnjpm ct. ~ se volent en ete, landis que Perjdjnjum conjcum au 

printemps. 

Au cours des prelevements nous avons observe egalement Ia presence abondante de 

certaines esp8ces de vegetation macroscopique comme Enteromprpha spp, Cladophora SQQ, 

Chaetpmomha !jm1m, Ceramjpm nJbnJm, Cerami11m djaphamJm et ~. 
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Changes on Benthic Community Promoted by an Artificial 
Sea-Connection in a Brackish Coastal Lagoon (St. Andre, SW Portugal) 

L. CANCELA DA FONSECA', A.·M. COSTA .. and J.-M. BERNARDO .. 

·oepartment of Zoology Anthropology, Faculty of Sciences, Lisbon (Portugal) and Marine Laboratory. Guia, 
Cascais (Portugal) 

.. Department of Ecology, Evora University, Evora (Portugal) 

St. Andre <150 ha, c.a. 1. 5m average depth) is a land-locked 
lagoon isolated from the sea except during a short period in early 
Spring < cB. 1 month), when an artificial channel is opened through the 
sand barrier. Seas;,nal variation of this lagoon has the following main 
phases: 1) Connection with the sea, which leads to a sudden decr·ease 
in the. water level, salinity increase, decrease of accumulated mate
rials exported to th·e sea and colonization by marine species; ii) Sum
mer period, with increasing temperatures, the occurence of anoxia near 
bot tom (and possibly dystrophic phenomena), increased water concen tra
tions of nutrients released from the sediment and reduction of the 
species number; iii> Rainfall period, with loading of nutrients, 
strong reduction of salinity and colonization by limnetic species. 

During the 1978-1985 period, an effective wash-out and see wa
ter renewal only occurred in 1978, 1979 and ·1985. Otherwise the conne
ction either did not exist <1981, 1982) or was inadequate <only a few 
days - 1984-, or too late in the year - 1980, 1983). As a consequence 
increasing amounts of organic matter accumulate in the sediment lea
ding to dystrophic processes <BERNARDO et al., 1988) and input of 
marine species was non existent or low, promoting an impoverfshment of 
the marine comoonent of the fauna and a decrease of the benthic diver.:. 
sity <CANCELA DA FONSECA, 1989; CANCELA DA FONSECA et al., in litt. ). 
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Fig. 1 - 0 ordination <PCO, PHI corr. coeff.) of the macroben
thos global binary matrix (sediment types per season). 

Ordination of the macrofaunal dlsponible data concerning the 
period refered above <Principal Coordinate Analysis - PCO - carried on 
the similarity matrix obtainned with the PHI correlation coefficient 
upon the presence-absence species data) suggests, during 1978-1985, 
the existence of a benthic community cycle with the following main 
phases <Fig. 1>: 1) A major influence of the sea component in the 
fauna <1978-1979>, before the start of the irregularities concerning 
the traditional artificial opening <benthic community dominated by a 
marine pool of species); ii) A more limnetic situation after the non
-opening period <1982, 1983,1984-), leading to benthic communities 
restricted to a few lagoonal species or dominated by a continental 
pool of species; iii) Probable transitional situation <1985), with the 
start of a recovering process after the re-establishment of the 
traditional opening procedure, with the increase of the marine 
component of the benthic fa una. Similar results have been repported 
from the mediterraneen lagoons. 

t>l•t•ru:• fr- the 
lnletChennel<•) 

Fig. 2 - Averege specific diversity related to the distance 
from the inlet channel <St. Andre Lagoon). 

This interpretation is also suggested by the evolution of the 
benthic community structure average with the distance to the local of 
the inlet channel <Fig. 2>. The negative correlation between the 
community structure and that distance <r=-0. 784-, p<O. 001) emphasizes 
the importance of the marine component of the fauna in the benthic 
community of this system. This is also supported by the study of the 
post 1985 period <CRUZ, 1989). 
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Analyse Trophique du Peuplement a Polychetes d'une Lagune Cotiere 

· ltalienne (Lago Fusaro) 

Paolo SORDINO 

Laboratorio di Ecologia del Benthos, Stazione Zoologica di Napoli, Ischia (ltalia) 

Ce travail a pour but d' evaluer dans quelle mesure 1 'organisation 
fonctionnelle des Annelides Polychetes reflete le milieu. Pour les 
Polychetes laguna ires des Cotes italiennes, ce type d' analyse a seule
ment ete realise par GRAVINA et SOMASCHINI (1986), pour les lagunes 
c6tieres du Lazio. Ce travail represente done une contribution 
ulterieure au complement d' une recherche precedente sur la structure 
et la distribution spatio-temporelle des communautes a Polychetes du 
Fusaro (SORDINO & GAMBI, 1989; SORDINO et al., 1989). La description 
detaillee du milieu a ete donnee par CARRADA (1973). 

On a echantillonne quatre stations (deux sur fonds meubles, B1 et 
B2 et deux sur fonds durs, G1 et G2) en deux zones de la lagune, 
situees, la premiere pres du debouche interieur d'un des graux, la 
deuxieme dans la partie interieure et plus confinee de la lagune (Fig. 
1) . Les echantillons ont ete realises avec une cyclicite saisonniere. 

Les categories trophiques des Polychetes ont ete identifiees 
suivant les indications de FAUCHALD & JUMARS (1979), excepte pour les 
Omnivores. On a identifie 9 categories trophiques pour un total de 35 
especes et 136962 individus. Les groupes trophiques ant ete traites en 
6 categories principales et, pour chacune d'elles, a calcule la 
dominance quantitative percentuelle (Tab .1) . 

JUIN JUILLET NOVi':V.BRE JA)lVIER MARS 

81 82 81 82 81 82 81 82 81 82 

CARNIVORES 0.02 1.6 0.15 0.6 0.5 5.38 1.4 1.0 6.9 2.95 

DEPOSIVORES 0.02 22.7 1.55 5.4 0.5 1.4 0. 7 4.2 3.2 4.95 

FIL TRATEURS 99.8 66.0 89.0 81.6 74.6 69.0 84.3 8.15 78.0 22.8 

HERBIVORES 1.7 0.9 2. 4 2. 7 2. 7 5.1 6.85 7.8 8.9 

LIM I VOilES 0.06 2.2 0.25 0.5 0.1 0.02 20.2 0.1 3.2 

OMNIVORES 0.1 5.8 8.15 9.5 21.6 1.5 8. 5 59.6 4.0 57.2 

JUIN JlHLL2T ;;ov~1.:BRE JANVIER 'lARS 

G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 

CARNIVORES 8.8 5.24 18.0 14.2 4.45 5.38 9.95 8.09 13.5 22.5 

DEPOSIVORES 13.5 6.0 21.0 20.5 1.0 1.4 l. 75 1.8 3.9 4.2 

FILTRATEURS 48.7 84.5 39.7 88.8 89.0 80.8 86.8 77.5 65.5 

HERBIVORES 1.05 61.0 9.6 1. 5 2. 7 2.1 0.9 0. 5 2.6 

LIMIVORES 0.01 0.02 0.01 0.1 

OMNIVORES 29.0 3.2 16.0 4.25 !.5 5.4 2.4 4.5 5.2 

Tab. - Dominance quantitative percentuelle des categories 
trophiques 

Du point de vue qualitatif, la categorie trophique la plus riche 
est celle des Carnivores avec 9 especes, suivie par les Deposivores (8 
especes), Filtrateurs (7 especes), Herbivores et Limivores (4 especes 
respectives) et Omnivores (3 especes). 

. Carnivores : Cette categorie est representee soit par des 
formes ayant des macho ires, so it par des formes inermes. On a releve 
les plus grandes valeurs d' abondance surtout dans les echantillons de 
fond dur (stations G1 et G2). Les especes les plus abondantes sent 
Syllis gracilis et Ophiodromus pallidus. Les valeurs les plus elevees 
pour les Carnivores ont ete observees au printemps et en ete. 

. o•posivores : Ce groupe comprend soit des formes meubles soit 
des formes sessiles. Il ne presente pas une preference marquee pour le 
type de substrat primaire et pour les differen'::.s milieux que 1 'on 
retrouve dans la lagune. Les especes les plus representatives sent 
Polydora ciliata, Prionospio multibranchiata, Cirriformia tentaculata 
et Terebe11a lapidaria. On releve les valeurs de dominance les plus 
elevees durant les mois d' ete. 

. Filtrateurs : Cette categorie represente, dans son ensemble, 
le groupe numeriquement dominant, mais sans differences particulieres 
liees au substrat ou a divers milieux. L 'espece qui contribue davan
tage a la dominance de cette categorie est Hydro ides elegans. Pour les 
Filtrateurs, on observe les valeurs d' abondance les plus reduites en 
ete dans la station inferieure a fond dur, et dans la periode hiver
printemps dans la station exterieure a fond meuble. 

. Herbivores at Limivores : Ces deux groupes sent les mains 
re-presentes et il n' a done pas ete possible de deceler aucun type de 
difference soit pour le substrat soit pour d' aut res facteurs 
ecologiques. 

. Omnivores : Ils ont une distribution spatio-temporelle uni
forme, a l 'exception du materiel de la station B2, ou ils presentent 
toujours les valeurs les plus elevees. 

La dominance du groupe des Filtrateurs reflete aussi bien les 
conditions hydrodynamiques de la lagune que 1 'apport eleve de matiere 
organique en suspension provenant des egouts urbains distribues auteur 
du perimetre laguna ire. 

D 'autre part, la richesse specifique des aut res categories 
trophiques peut etre interpretee comme la consequence du recouvrement 
des equilibres lagunaires apres la Crise distrophique estivale, parti
culierement dans la zone lagunaire la plus vivifiee. 

La distribution spatio-temporelle des categories trophiques du 
peuplement a Polychetes du Fusaro reflete done celle obtenue par 
1 'analyse structurelle des communautes, ce qui avait deja ete observe 
par GRAVINA & SOMASCHINI ( 198 6) pour d' aut res lagunes tyrrheniennes. 
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Le Benthos de substrat dur de Ia Sacca di Gore (Delta du Po) 
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ABSTRACT : Hard-bottom macrobenthos was sampled in three occasions 
on various substrata in the Sacca di Gore, a shallow water embayment 
of the Po river delta. No clear-cut zonation of assemblages was 
apparent in the different areas of the lagoon, but a severe summer 
dystrophic crisis affected the species composition of the community. 

La Sacca di Goro est un bassin d 1 eau a salinite variable dans la 
partie meridionale du Delta du Po, a faible profondeur et ayant une 
surface d 1 environ 32 km2 • Elle communique avec la Mer Adriatique par 
une ouverture de 2, 5 km de large et rec;:oi t de nombreux apports d 1 eau 
douce, surtout dans sa partie occidentale. 
Da~s 17 c;:;~.dre. d 1 un ~rogranune de recherches ecologiques conune support 
sc~ent~f~que a l 1 amenagement de la lagune, qui est menacee par les 
consequences de 1 1 eutrophisation, on a etudie le macrobenthos des 
fonds durs, au cours de trois campagnes de prelevement. 
Les prelevements ont ete effectues en juin, juillet, et octobre 
1988, en grattant a 1 1 aide d 1 un filet a bord coupant, la surface des 
poteaux en bois qui marquent les parcours des canaux navigables se
lon ~a technique deja utilisee en lagune de Venise (Occhipinti Am
brag~ et ~. 1988). D 1 autres substrats ont ete aussi observes 
(pierres, installations de mytiliculture, roseaux etc.) 
En pa:ticulier, on. a echantillonne · suivant les gradients ecologiques 
marques: 
1) par le parcours all ant de la mer jusqu 1 au port de Goro, 
2) par le deversement des eaux du Po di Volano, et 
3) par le confinement de la partie orientale, qui a un echange assez 
pauvre avec la mer. 
Le contingent faunistique de ce peuplement (59 taxa) est assez ri
che, si on le compare a d 1 autres lagunes du Delta (Relini et al. 
1985), mais nettement moins important de celui de la Lagune de Veni~ 
se (Occhipinti Ambrogi gt .!!1..., 1988). 
Les groupes les plus representes sent les cnidaires (6 especes), les 
crustaces Peracarides (20 especes), les Mollusques (7 especes), les 
Entoproctes (5 especes) et les Bryozoaires (6 especes). 
Du point de vue quantitatif, les biocenoses sent dominees par Myti
.!l.!§. qalloprovincialis, dont les amas offrent le substrat secondaire 
pour 1 'implantation des balanes (Balanus improvisus, .!h. eburneus B. 
amphitrite)' des Bryozoaires (Conopeum seurati, Bowerbankia graciliS) 
et des Hydrozoaires (Gonothyrea loveni, Obelia dichotoma). 

. Parmi la faune vagile, qUi occupe les interstices entre les coquil
les des moules, on signale les Polychetes Nereis succinea, les Am
phipodes (Corophium insidiosum, Melita palmata), les Isopodes 
(Sphaeroma serratum) et les Decapodes (Brachinotus sexdentatus). 
La distribution des especes principales est assez homogene et leurs 
rapports quantitatifs sont assez constants dans toutes les stations 
prospectees, en dehors de quelques exceptions. 
Notamment, dans la partie la plus proche du canal du Po di Volano, 
avec une salinite mesuree lors du prelevement inferieure a 10 %o , 
Cordylophora ~ et trois especes de Victorellidae marquent le 
caractere nettement estuarin de ce secteur. Dans la partie orienta
le, au contraire, on a note un affaiblissement de la dominance des 
moules, la disparition des Hydrozoaires, et une plus grande abondan
ce d 1 especes typiques des zones plus proprement lagunaires, comme 
~ ~, ~ eburneus et Ficopomatus enigmaticus. 
L 1 aspect 1e plus frappant de la dynamique des biocenoses de substrat 
dur de la lagune est toutefois represente par les variations tempo
relies qui se sont produi tes entre les trois prelevements. 
En effet, pendant le mois de juin, on a observe le maximum de recou
vrem.ent et de richesse specifique, tandis qu 1 en juillet et en octo
bre, a la suite des crises dystrophiques estivales, on assiste a une 
reduction assez nette, surtout a cause d 1 une mortal i te massive des 
moules. 
Corazza gt ~ (1989), pour le benthos des substrats meubles de 
trois stations de la Sacca di Gore, avaient remarque, pendant 1 1 an
nee 1984, une grande difference entre les biocenoses des trois zones 
de la lagune et une assez bonne stabilite temporelle du peuplement 
de chaque zone. Si les donnees en cours d 1 elaboration que le meme 
groupe de recherche a obtenu en 1988 confirment ces resultats, on 
devrait reconnaitre une specialisation moins marquee des conununautes 
de substrat dur par rapport a celles du sediment . 
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The 1 a goon of Porto Ca 1 eri 1 i es to the south of the Venetian 1 a goon, between the 
mouths of the Adige and Po rivers. Its origin is mostly due to the alluvial sediments 
from Adige, which is the third I tal ian river as length and the second one as 
catchment- basin after Po. Most of the original lagoon basin is now left out from the 
free exchange with the Adriatic Sea, to delimit fishing ponds ("valli"). Therefore 
the internal boundary is wholly artificial, in the form of low banks. The lagoon has 
two communications with the sea; the northern mouth supplies the main portion of the 
sea water exchange, while the southern one has even more narrowed its opening after 
the building of an embankment with a short bridge, which links up the mainland with 
the touristic port of Albarella on the homonymous island. Through the Varco Pozzatini 
dissalate waters flow into the lagoon from a lateral branch of the river Po (Po di 
Levante), whose inflow is retained by a littoral bar (Scanno Cavallari). Irregular 
inflows of low salinity waters may also come from the surrounding "valli", which 
produce high organic loads. From the northern Palude di Boccavecchia a few years ago 
freshwater flowed directly from Adige through a narrow canal ("Ghebo" della Testa), 
now silted up. Only traces of schorres persist after the marked subsidence of the 
1 ast years . 

Two mussel-breeding areas and a clam one are placed along the two canals directly 
influenced by the sea during the tidal cycles, that show an amplitude of about 60-80 
em. 

A biological survey has been carried out in autumn 1989 in order to identify 
different ecological communities in macrobenthos. The complex hydrological pattern 
does not allow to define well diversifiable benthic communities in terms of salinity 
gradients, as observed in other estuarine systems (SCONFIETTI, 1988, Crustaceana, 52: 
193-201). On the contrary different communities are explainable in terms of different 
rate of marine "vivification" (~ D'ANCONA ~. 1954, Archo Ocean. limnol., 9: 
9-295) or of confinement gradients (~ GUELORGET & PERTHUISOT, 1983, Trav. Labor. 
Geol Ecole sup. Paris,. 16: 1-136) (for a discussion, see SACCHI, 1985, Hem. Biol. 
mar Oceanogr., 15: 71-89). Five ecological communities can be mainly pointed out 
(fig. 1): A) a community remarkably influenced by the marine vivification and 
characterized by essentially marine or open lagoon species of hard substrata (wooden 
piles or banks): Mytilys galloprovincialis lam., Ostrea sp. and Crassostrea sp., 
Actinja egujna (L.), Cryptosula pallasiana (Moll), Hyale perieri (lucas), Littorina 
~ (l.), Fucus virsoides J.Ag.; B) a banal lagoon community typical of 
confined sectors, poor as species distributed all over the lagoon, in which the most 
"marine" elements of the community A are absent: C) a community influenced by scarce 
freshwater inflows and, at the same time, subject to a still efficient water 
exchange, characterized by Bowerbankia gracilis (leidy), Conopeum seurati (Canu), 
Balanus ebyrneys Gould, Hyale perieri (lucas); D) a community made by elements of 
different origin, but dominated and characterized by 1 arge "masses" of Ficopomatus 
I•Mercierellal enigmaticus (Fauvel), to show the frequent freshwater influence; E) a 
very poor community, including large amounts of Ulva sp. and Enteromorpha sp.pl., 
Hamjnea navicula (Da Costa) and Gammarus insensibil is Stock, which are distributed 
all over the lagoon, but here present without other species, more sensitive to the 
drastic reduction of the vivification. 

In a small internal bay, isolated by the main circulation of the water (community 
E); the presence of a very little spot of Zostera marina L. must be pointed out. In 
the lagoon of Porto Caleri we confirm the persistence of Fucus virsoides, which has 
here the southern 1 imit of its characteristic north-Adriatic distribution (SACCHI .tl 
il..... 1983, Rapp Comm. jnt. Mer Medit , 28: 225-228), probably due to the strong 
ecological disjunction imposed by the large freshwater plume of the river Po into the 
sea (SACCHI, 1978, Boll. Mus. civ. Stor. nat. Venezia, 29 suppl.: 43-73). 
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Fig. 1 - Ecological characterization of the lagoon of Porto Caleri. 

In conclusion, we can distinguish two main hydrological sub-basin, characterized by 
almost separated circulations of the water: 1) a main basin, Palude Casonetto, 
influenced by the marine waters flowing through the Porto di Caleri and expanded 
towards Palude di Boccavecchia; 2) a secondary basin, Palude Pozzatini, where the 
strong dominance of Mercjerella delimites the area influenced by.the brackish waters 
of the Po river, flowing from its levante branch through Varco Pozzatini. The 
difficult circulation in the inner sector of the lagoon causes a long-time stagnation 
of water masses with their high organic contents, coming from "vall i ", that actually 
cause important dystrophic crysis during the hottest months. The rational 
exploitation of the natural resources for the production of mussels and clams will be 
preserved in the next years only by a wise management of the active circulation of 
the water. 

Rapp. Comm int. Mer Medit., 32, 1 ( 1990). 
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Periodicity and Distribution of Bottom Fauna in Hyper-Saline 

Bardawil Lagoon (Egypt) 

Sawsan M. ABOUL·EZZ 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

Bardawil Lagoon is a shallow hyper-saline water resin, located at the northern 

extrimi ty of Sinai Peninsula (Egypt) . Its depth ranges between 0. 5 and 2 meters with a 

total area of alx>ut 65000 hectdr. It is in the direct connection with the Mediterranean 

Sea through two narrow openings (Figure 1). 

Fig. ( l) : Morphometry of Bardawil Lagoon and location of 
stations. 

Quantitative sampling of lx>ttom fauna was performed seasonally during the years 1986 

and 1987. The samples were collected from tweleve stations representing the different 

habitats in the lagoon, using a modified Ekmann lx>ttom sampler• Two dredges were taken 

from each stati.on representJ.ng an area eqUJ.valent to 0.06 m2 

The different groups were counted and their biomasses were determined. Results were 

given as their total numbers per square meter as well as their bicmasses in gram fresh

weight per square meter. 

The living benthic rracrofauna in Bardawil Lagoon comprised alx>ut 46 species belong

ing to the phyla; Annelida, Arthropoda, Mollus<:a, Echinodermata, Coelentrata and Nematoci• 

Most of the recorded species are typical hyper-saline or euryhaline water forms. The. 

benthic cormrunity in the lagoon was dominated by members of Polychaeta (Hydroides, Sabella 

and Nereis), Crustacea (Corophiurn and Gamnarus), Insecta (Chironomid larvae), Lamellibran

chiata (Brachiodontes) and Gastropoda (Ceril:hiurn) which constituted respectively alx>ut 

60.7 %, 12.3 %, 11.5 %, 9.8% and 2.7% by number of the total benthos. The other-groups 

were less frequent or rare (table 1) . 

Table (1) 

Annual distribution of the total lx>ttom fauna (Organisms/m
2

) and their total Bicmass 

(gram fresh wt/m2 ) in Bardawil Lagoon during 1986 & 1987. 

1986 1987 
groups 

No/m
2 

% gm/m2 % No/m
2 

% gm/m2 % 

Polychaetes 2510 64.5 1 23.3 38.6 2010 57.0 6.5 14.1 

Crustacea 298 7.6f I 9.2 15.2 571 16.21 8.3 13.8 
Insecta 361 9.3 462 13.1 

Lamellibranchs 528 13.6 I 24.4 40.4 203 5.8 25.7 42.6 

Gastropods 63 1.6 3.5 5.8 123 3.5 
i 

17.8 29.5 

Other groups 134 3.4 -- -- 159 4.5 
i 

-- --

3894 60.4 3528 60.3 

The total biomass of benthos in the lagoon averaged 60.4 gram fresh weight/m
2

. 

Lamellibranchs were the heaviest lx>ttom dwellers during the two successive years, followed 

by Polychaetes in 1989 and Gastropods in 1987. 

The highest counts of lx>ttom fauna were recorded at the semiclosed station 7 due to 

p:>lychaetes and insects larvae. While the highest bicmasses appeared at stations 8 and 

10 during 1986and 1987 respectively due to the presence of big molluscs. 

The benthic conrnunity was more diversified during the spring of the two successive 

years and harlx>ured the highest bicmasses. The middle part of the lagoon was more produc

tive in lx>ttom fauna. The dominant species of the benthic conrnunity slightly diffel:'ed 

within the two successive years. 

Results indicate that the distribution of benthos in Bardawil Lagoon were controlled 

by the prevailing ecological conditions. The dominant species are rrarine forms which 

usually inhabits muddy OOttoms and are more resristant to low oxygen concentration. 

Rapp. Comm. int Mer Medit., 32, 1 (1990). 
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All gravity data available for the western Mediterranean Sea and adjacent 
countries have been reevaluated and reprocessed into Bouguer gravity maps. 
Previously, onshore gravity data from the western Mediterranean Sea were not 
terrain corrected. With a raster of digital onshore and offshore topogn;phic 
data terrain correction was carried out up to Hayford zone 0 2. The largest 
effect of the terrain correction was found in the area of the sea-land bound
ary and the Balearics. The new Bouguer maps show clearly the main geological 
and tectonic features. Values of over 180 mGal for example are found in the 
Algero-Provencal Basin where the crust is probably oceanic. In the Valencia 
Trough on the other hand, where the crust is considered to be stretched 
continental, values reach only 140 mGal. The Bouguer values decrease towards 
the Iberian peninsula and Africa where the crust is continental. 

Preliminary results of a refraction seismic experiment carried out in 
Autumn 1989 in the Valencia Trough and adjacent flanks confirm the Bouguer 
gravity interpretation. In the central part of the Valencia Trough the crust 
is about 15 km thick. The depth to Moho increases to approx. 25 km close to 
the Balearic Promontory, and 20 km towards the Iberian Peninsula. The gravity 
and seismic results are presented and the tectonic evolution of the area 
discussed. 

Rapp. Comm. int. Mer Medit., 32, I ( 1990). 
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Observees a petite echelle, les relations entre Ia Mediterranee et Ia chaine alpine 
paraissent presenter tous les cas possibles : 

- a l'exterieur de Ia chaine : cas de Ia Mediterranee orientale, de I' Adriatique, du 
Golfe de Valence, du Bassin provenyal ; 
- a l'interieur de Ia chaine : cas de Ia Mer Tyrrhenienne, de Ia Mer d' Alboran et 
du Bassin nord-algerien ; 
- seton une transversale, cas de Ia Mer Egee, de Ia Mer Ligurienne. 

11 ne faut done pas s'etonner qu'il n'existe pas d'accord entre les auteurs concernant 
les rapports entre l'orogime alpin et Ia formation des bassins mediterraneens. Ceci 
est particulierement net dans le cas de Ia Mediterranee occidentale qui nous 
retiendra maintenant. 

Pour L. GLANGEAUD (1957), Ia filiation entre les bassins actuels et les mers anciennes 
etait directe. Par exemple, Ia Mer d'Aiboran faisait partie d'une "neo Tethys" qui 
avait pris Ia suite de Ia Tethys mesozoique apres un episode de bouleversement 
temporaire createur d'un "tectorogene biliminaire" a l'origine des chaines 
maghrebines et rifaines. C'est au cours de cet episode que le sillon tethysien s'est 
"vide", par ecoulement lateral, de son contenu sedimentaire de flyschs . 

Une autre conception, plus moderne, consiste a assimiler le sillon "tlithysien" a Ia 
fosse externe d'un arc insulaire implante sur les domaines a socle de type rifo
kabylo-peloritain. Dans ce schema, !'edifice alpin maghrebo-sicilien - et m~me 
apenninique, si !'on rattache le bloc corso-sarde a ces massifs - serait !'analogue 
d'un prisme d'accretion et les bassins tyrrheniens et nord-africain correspondraient 
a un bassin arriere-arc. La creation de ces bassins serait, dans cette hypothese, 
genetiquement liee et synchrone de Ia tectogenese alpine regionale. Propose une 
premiere fois par F.c. WEZEL (1970), ce modele a ensuite ete etendu par J.M. 
AUZENDE, J. BONNIN et J.L. OLIVET (1973), suivis par de nombreux auteurs, en 
particulier par J.P. REHAULT, G. BOILLOTet M. MAUFFRET (1984). 

Ces vues, toutefois, ne font pas l'unanimite et des 1973, J. AUBOUIN a formule des 
reserves sur ce type d'interpretation, en particulier a propos du synchronisme 
qu'elles impliquent entre Ia tectogenese alpine et l'ouverture des bassins. Les faits de 
terrain montrent, en effet, que Ia formation des bassins est posterieure a Ia 
tectonique qui affecte les unites alpines. Comme l'essentiel de Ia structuration est 
acquise au cours du Miocene, entre le Burdigalien et le Tortonien, le creusement 
des bassins intra ou trans- chaine alpine ne peut Mre que plus tardive. II semble 
ainsi exclu de faire descendre l'~ge du remplissage subhorizontal du bassin algerien 
jusqu'a l'Qligocene (LE PICHON, PAUTOT, AUZENDE, OLIVET, 1971) alors que son 
soubassement est cisaille par des contacts tortoniens. 

Bien entendu, des retouches tardives sont tout a fait possibles, comme le montrent 
les glissements gravitaires, diriges par le plaine du Fer a Cheval oil vers Ia Mer 
Ionienne. II est· clair aussi que des bassins situes a l'exterieur de Ia chaine alpine 
peuvent atre plus anciens que le Miocene. Ce serait le cas, par exemple, d'une 
partie du Bassin provenyal, dont l'~ge peut remonter aux temps secondaires 
(COUTELLE, OLIVET, LE CANN, PAUTOT, 1986). 

D'autres objections peuvent ~tre formulees. Elles concernent - !'assimilation du 
volcanisme littoral d'Afrique du Nord a un volcanisme d'arc typique des zones 
internes, ce qu'il n'est pas, - !'assimilation du sillon des flyschs maghrebins a Ia 
fosse externe de !'arc suppose, ce qui n'est - au moins-pas demontre (couTELLE, 
DELTEIL, 1989) et-l'incompatibilite de fond entre Ia dynamique alpine et celle des 
derives continentales. La premiere voit l'alternance des phases de tectogeneses 
breves et intenses avec de longues periodes distensives. La seconde est, au contraire, 
lente, reguliere et continue. 

83 

AUBOUIN, J., 1973 .- Obs. et Com. a !a note de OLIVET, J.L., AUZENDE, J.M. et BONNIN, J. 
Bull. Soc. geol. France, 1• ser., t. XV, p. 112. 

couTELLE, A., DELTEIL, J., 1989 .- La suture alpine en Mediterranee occidentale. 
Remarques sur une syntbese recente et rappel d'une autre conception. Bull. Soc. 
geol. France, s• ser., t. V, p. 859-863 et 866-867. 

COUTELLE, A., OLIVET, J.L., LE CANN, C., PAUTOT, G., 1986 .- Le bassin liguro-proven~aJ. 
Precisions sur Ia structure du bassin profond, essai de synthese morpho
geologique, consequences sur les modalites de Ia derive du bloc corso-sarde. Ill 
Congr. Ass. p/en. C!ESM, Palma de Majorque, 20-25 Octobre 1986, Rapp. P.V. 
Reun., vol. 30, fasc. 2, p. 74. 

GLANGEAUD, L., 1957 .- Essai de classification geodynamique des chaines et des 
phenomenes orogeniques. Rev. Geogr. Phys. Geol. dyn., 2• ser., vol. I, fasc. 4, p. 
200-220. 

LE PICHON, X., PAUTOT, G., AUZENDE, J.M., OLIVET, J.L., 1971 .- La M6diterranee 
occidentale depuis !'Oligocene. Schema d'evolution. Earth Pl-anet. Sc. Leiters, vol. 
13, p. 145-152. 

REHAULT, J.P., BOILLOT, G., MAUFFRET, A., 1984 .- The western mediterranean basin 
geological evolution. Marine Geology, vol. 55, n• 314, p. 447-477. 

WEZEL, F., 1970 .- lnterpretazion dinamica della "eugeosinclinale" mesomediterraneo. Riv. 
Min. Sicil., anno 21, n• 124-126, p. 124-126. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 

• 



• 

G-13 
Holocene Evolution on the Septentrional Catalan Shelf 

Gemma ERCILLA and Jose I. DIAZ 

lnstituto de Cienclas del Mar, C.S.I.C., Paseo Nacional sin 08003 Barcelona (Spain) 

The septentrional sector of the catalan continental shelf is 
characterized by an irregular width, and narrow and deeply incised 
submarine canyons <Cape Creus and La Fonera) <Stanley et al. , 1976). 
The shelf is narrow <6-19 kml in front of onland structural highs 
<Pyrenaic Axial Zone and Bagur Massif), showing a rocky and abrupt 
coast line; while is wide <17-30 kml in front of the onland Neogene 
depressions <Bajo and Alto Ampurdan), where Fluvia, Muga, and Ter 
rivers develop deltas, and longitudi.nal beaches are predominant. The 
shelf break is gentle and is located around 150 m waterdepth. 
Dominant oceanographic processes are waves from storms generated in 
the nearby Gulf of Lyon, a N-S general current regime, and a 
clockwise geostrophic flow in the Gulf of Rosas. 

The sedimentological analysis of surficial samples reveals 
three types of sediments: a) terrigenous gravels and coarse-to-medium 
sands < -2. 80 0 - 1 . 25 0 mean) on the abrupt coasts, and medium-to
fine terrigenous sands <1.21 - 2.57 0 mean) on the longitudinal 
beaches; bl finnig-offshore muds with a terrigenous sand fraction, on 
inner and middle shelf prodelta areas <4 0 - 9 0 mean), and on the 
north sector <5 0-7 0 meanl; and cl coarsening northwards palimsest 
sediments < 7 0 - 3 0 mean) on the outer shelf, having a mainly 
terrigenous sand fraction, with bioclastic components (35-457.). 

The core <up to 1. 5 m long) stratigraphy suggests two main 
types of transgressive sequences <Fig, 1 ). 1) coarsening-, and 
fining-upward sequences in the prodelta areas, well correllated with 
the high-resolution seismic facies <D1az and Ercilla, 1989>. These 
sequences represent muddy deposits with thin intercalations of 
sandier horizons whose number and thickness decreases toward the 
distal prodelta, where only mud is found. 2) fining-upward 
transgressive sequences, offshore the prodelta areas. These 
transgressive sequences show an erosional basal contact and are 
composed (from bottom to top) of: shell fragments and other 
bioclastic (bryozoans, serpulids crusts> on a muddy matrix and fining 
upwards sands, sometimes grading to shelf muds. 

Sedimentary processes, that have dominated on the septentrional 
catalan shelf during the Holocene, record the interaction of 
terrigenous input from several river sources and the local 
oceanographic conditions. The sedimentary processes are responsible 
for the present surficial sediment distribution: Holocene sediments 
on the inner and middle shelf, and palimsest sediments <Pleistocene 
deposits mixed with the modern sediments) on the outer shelf. The 
main active sedimentary processes are: 1) longshore drift and 
offshore downwelling bottom flows, that distribute the coarse 
sediments in a narrow sand belt parallel to the coastline; 2) 
advection of fine-grained river-carried sediment, that is distributed 
by the general current regime, forming the prodeltas across the inner 
and middle shelf; 3) resuspension of fines by storm waves and 
gravity-induced processes and their deposition offshore the 
prodeltas areas; and 4) escape of fine-grained sediment from the Gulf 
of Lyon, that mainly contributes to the muddy covering on the 
northern shelf sector. 
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Figure 1.- Types of transgressive sequences on the septentrional 
catalan shelf: 1) coarsening-, and fining-upward sequences in 
prodelta areas, and 2) fining-upward transgressive sequences, 
off shore the prodelta areas. 
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The Plio-Quaternary deposits of the Ebro distal margi H are 
developed over a major boundary, Reflector M of Messinian age. This 
ref lector was eroded when most of. the :ma.rgi n was subaereaJ y exposed 
due to the sea level drops of the Messinian salinity crl.sis. The 
sedimentary sequences, above Ref lector M, define four roaj or 
environments <shelf, slope. base-at-slope., basi.n floor) corresponding 
to several systems tracts l"elated to major sea level oscillations. 
Lowstand and highstand systems tracts ar·e differentiated on the basis 
of reflectors characteristics, nni t geometry and interpreted 
depositional environment. Information from piston cores samples and 
boreholes from the oil industry and DSDP Site 12:C coomplement the 
identification of depositional units, and allow for a time framewor·k 
to correlate with global eustatic sea level oscillations CRyan, HsU 
et al., 1973; Garcia-Sifleri.z et al., 1979; Alonso and Maldonado, 
1990; Dafiobeitia et al., 1990). 

Lowstand systems tracts are characterized bas inward by sheJ 1 
margin ·deltas near the shelf edge, thick slope muds on the slope, and 
channel-levee complexes, base-of-slope apr011S and inteJchannel 
deposits at the base-of-slope region. These deposits, accounting for 
most of the stratigraphic thickness of t.he Quaternary sequence Sf!OW a 
stratigraphic continuity of seismic ref lectors bet.we"'n tohese two 
provinces that may represent a contemporary deposition <l<ig. 1) · The 
most active growth periods of the distal mar·gJ.n . occurred during 
intervals characterized by relative sea-level faJ ls, similarly to 
sili;,iclastic turbidite deposits throughout the geological record. 
Slope deposits are largely related with shelf-edge spi J lover . and 
distal prodelta high density flows on the upper slope, w~th grav<ty
driven nepheloid flows on the middle slope, aud with turbidite and 
mass-flows on the lower slope <Baraza, 191;9!. The base-o·t-slope 
deposits were also developed during these periods of low-sea stands 
and they are associated with two styles of depositi.on: ( l.J flushi.ng 
of sediments fr·om river discharge, outer· shel1 find upper slope 
environments trough slope canyons, to base of slope channel-levee 
complexes, and <2) with unchannelized mass flow processes,. from slop« 
mass-failure in areas of unstable slope terratn result.~ng in tile 
base-of-slope aprons (~lonso and Maldonado, 1990). The highstand 
systems tracts are characterized at the slope and l>ase of slope by 
volumetrically less important str·atif ied facies developed by 
hemipelagic processes over most the distal margin, although some 
transparent, high energy facies of ·the base-of-slope aprons may also 
occurs. These deposits were developed during the latest rising 
segment of the eustatic curve, high sea level stand and initial sea 
lowering <Fig. 1l. 

We can iden:t;ify four epochs in the growth patterns of the distal 
Ebro margin during the Plio-Quaternary (Fi.g.. 1): <AJ during the 
"salinity crisis" the emergence of the Ebro marg:tn allows the CIHVlftg 
o'f extensive erosional surfaces and the by-passing ot sediments to 
the distal basin plain; <Bl the Pl iucene flooding of the Medi terra
nean Sea after the Messinian time, and generalized gJ.obdJ. eus'ldt,ic; 

high sea level favoured the development ot depositional units 
characterized by shallow marine facies in tt,e 1 .l uvial vc:d 1 eys etncl 
drape of fine-grained deposJ.ts <Ebro Cl~>ys) over most of the 
continental margin, corresponding to a llighstancl "vsterus u-act 

W-E ~;) s!:= le~=~era ;~ze~b!.ow~~ ~;~ 
PU.ocene displaced the 
sediJUent supply from Ebro 
River lo the dtsta l rnargt n, 
developing a new drainage 
system wi.th cdnyons and 
channels obove t.he lnwer 
sequence, and ini.tiates a 
lowstand systems t.r act: and 
(D) the subsequeHt eustatic
climatic oscillations of tbe 
Late Pliocene-Quaternary t tme 
have controlled the deposjtion 
of sequences rept·esented by 
sJope wedges, channel-levee 
complexes and base o:t slope 
apr-ons, alternating wJtJ1 low 
energy, sediment drape untts 
that represent respectively 

® HEMIPetAG1COEPOSITSOF8AS!NFlOOFI lOW dfid hi.ghstand systems 

tracts. 
@ MESSINIAN EROSIONAL SURFACE 

Figure 1. Lowstand <LST) and highstand (HSTl systems tracts aud four 
epochs <A,B,C,D) in the growth patterns of Ebro distal continental 
margin. 
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The structural configuration of the acoustic basement infered 
from seismic-reflect ion profiles <Sparker 1 .soo and 8.000 
joulesl, show the evidence in the existence of a faulted network 
displaying a special geometry, where the grabens and horsts ·are 
alternated in the margin, as a result of the geological evolution 
that tooke place in the area during Upper Miocene, Pliocene and 
Quaternary periode <Diaz-del-Rio, 1989l. 

The detailed morphology and structure of the surveyed area, seems 
to indicate the development of two combined faulted system, 
oriented into two main directions: W-E to SW-NE and NW-SE. 
Tectonic activity during pre-Neogene has exerted an important 
influence on the relief of the acoustic basement surface. These 
topographic features have been mantained during later tectonic 
processes on Neogene-Quaternary times, imposing the depositional 
axis on the basins, in the places where the grabens was formed 
<Somoza, 1989l. 

In the western sector, by the other hand, the main faults are 
running parallel to the coast line, and this particular phenomena 
determine a step 1 ike basal geometry. For this reason, the 
th icknes of the sedimentary bodies are 1 ncreasi ng seaward, 
showing its maximum out of the shelfbreak on the continental 
slope. As a result of the basement structure, this zone of the 
margin turn out highly comportmentalised <Vegas, 1986l, in a E-W 
direction, as well as in NNW-SSE direction. The geological 
processes envol ved in the Neogene-Quaternary history, includes 
two main factors: (ll Tectonic activity <ancient and recentl and, 
C2l sedimentological imput. There is a third factor inherent in 
the recent evolution of the Western Hedi terranean that is 
"glacioeustatic factor" being the one that determinee the 
succession of different depositional units in the upper 
sedimentary bodies composing the margin. 

Recent tectonic activity and relative movements of basal blocks 
evert ical. her i zontal and othersl , have been the or ig 1 n of 
certain gravitational slumping observed in the litoseismic serie 
composing the continental slope and shelfbreak. These 
morphological irregularities should have been generated under a 
tecto·nic d istenssion regime, which turns to a compression one. 

In this general structural framework, the depositional units 
could break away along a discontinue surface caused by the 
heterogeneity of the beds. This is the reason why there is a high 
variety of submarine relief shapes (uneven bottom. scars, 
submarine valleys, ;, ,etcl, the evolution of wh.ich are in 
relation with the following factors: Ol water depth; <2l 
hydrodinamic conditions and, C3l sedimentary texture. 

BASEMENT ESTRUCTURE SEDIMENTARY UNITS PROGRADATION 
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Introduction 

In many of the Mediterranean rivers a· salt wedge intrudes up to 
several kilometers upstream from their mouths, at least during periods 
of low water discharge. Presence of the salt wedge is controlled 
basically by the freshwater discharge of the river. The landward limit 
of the salt wedge changes with the flow variations. In this work we 
study the tidal influence and the dynamic behavior of the salt wedge in 
the lower part of the Ebro River. 

Tidal range 

Tidal data in the Ebro Delta show a microtidal range, with diurnal 
and semi-diurnal components. Resulting daily tidal oscillations have 
two very asymmetrical cycles <Fig. 1 l. The mean tidal range between the 
higher-high and lower-low tide is 20 em while the tidal range between 
the lower-high and the higher-low tide is 7 em. 
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Fig. 1.- Relationships between freshwater discharge, salinity, 
current velocity of the salt wedge, flow orientation and tide level 
during the field experiment. 

Field Experiment 

Five hydrographic cruises were carried out along 30 km upstream 
from the river mouth in May 88, September 88, January 89, July 89 and 
October 89. Salinity, temperature and current profiles were recorded 
systematically in three sections of the river and at the upper limit of 
the salt wedge. An AANDERAA RCM8 currentmeter was installed 1 meter 
above the river bed and 3 km upstream from the river mouth on October 
4"h and 5"h of 1989. During these days there were under estuarine 
conditions and a very steady freshwater discharge controlled by the 
river dams. Data of current velocity, flow orientation, salinity and 
temperature were recorded with a sample interval of 2 minutes. 

Results 

Estuarine conditions in the Ebro River are reached when freshwater 
discharge is lower than 500 m"' Is. Landward limit of the wedge intrudes 
more than 30 Km upstream from the river mouth when freshwater flow is 
lower than 100 m"'/s. The upper limit of the salt wedge in the Ebro 
River is also controlled by the bed morphology, especially by the 
topographic high located near Gracia Island, 17 Km upstream from the 
river mouth. This high stops the upstream salt wedge intrusion until 
the freshwater discharge is lower than about 150 m"/s. Velocities in 
the freshwater layer during estuarine conditions increase downstream 
from 20 cm/s near the upper limit of the wedge to 80 cm/s in the river 
mouth, because of the thickness decrease of this layer downstream. 

Daily distribution of currents in the salt wedge show two 
intervals with an upstream orientation C250°Nl and one interval with a 
downstream orientation C70•NJ separated by still flow periods. Current 
velocity ranges from less than 1. 1 cm/s C lowest detectable speed by the 
used currentmeterl to 13 cm/s. 

These results are correlated with the daily tidal cycle CFig. 1 l: 
High tide periods correspond to the upstream salt wedge motion. The 
higher-high tide produces upstream mean flow velocities of 9 cm/s and 
the lower-high tide generates upstream mean velocities of 5 cm/s in the 
salt wedge. Downstream salt wedge motion is correlated with the lowest 
tidal level. Downstream mean velocities are of 9 cm/s, which is similar 
to the velocities recorded during the high tide ·level period. Still 
flow periods correspond to the higher-low tide level and to the 
intermediate phases between low and high tidal levels. 

Conclusions 

In microtidal areas, the circulation pattern of salt wedge 
intrusions in rivers is controlled mainly by tides when freshwater 
discharge conditions are steady. In the Ebro River, salt wedge motions 
reflect the diurnal and semi-diurnal.components of the mixed tide that 
affects the Ebro Delta area. Mean upstream-downstream flo<J velocities 
in the salt wedge. are also related to the tide level .. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 

• 



• 

G-17 

The Effects of Damming and Recent Climatic Changes on the Sediment 
and Water Discharge of the Ebro River (Northwestern Mediterranean) 

Albert PALANQUES, Jorge GUILLEN and Jordi CAMP 

Institute de Ciencias del Mar, C.S.I.C., Paseo Nacional sin 08003 Barcelona (Spain) 

The Ebro River is one of the most important fluvial systems that discharge 
into the Northwestern Mediterranean Sea. During the last few centuries this fluvial 
system has been greatly affected by human activities. Deforestation of its drainage 
basin became very intense from the 15th century onwards, making the deltaic system 
prograde very rapidly. Construction of irrigation systems became important at the 
end of the 19th centuryand the beginning of the 20th century and in addition, many 
dams have also been built during this century. These facts have dramatically changed 
the sediment dynamics and the hydrodynamics of this fluvial system. The area most 
affected by this changes is the lower part of the river and especially the delta and 
the river mouth, where the marine-fluvial interaction controls the evolution of the 
delta. 
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Fig. 1, Annual \olater and sediment discharge of the Ebro River during the 20"' century 

The water discharge of the Ebro river is quite irregular during the year. The 
annual distribution of water discharge in the lower part of the river shoiNS that the 
higher values occur between November and March and the lower values in summer, 
During this century the annual mean water discharge of the Ebro River has been very 
irregular. Maximum mean water discharge was 992 m"/s in 1915 and the minimum was 165 
m"/s in 1949. The mean distribution shows a decreasing trend from 1914 to the 
present with some stages of high water discharge. These stages correspond to 1915 
and 1960. Another stage may have taken place in 1937 when a strong flood led to a 
change in the location of the river mouth. Unfortunately there are .no data for the 
end of the thirties. The decreasing trend in the annual water discharge has been 
quite continuous from 1960 to the present. The eighties have been especially dry 
years. In 1982, 1986, 1987 and 1989 the mean was lower than 250 m3/s. The decreasing 
trend in annual mean water discharge can be attributed to the human management of 
the river water and to climatic changes. Dams have also contributed to mitigate the 
river floods. Floods of more than 3000 m3/s took place before the construction of 
the dams, but after the regula"tion of water discharge induced by the dams, these big 
floods have ceased to occur. 

Historical data allow the estimation of sediment discharge in the late 19t" 
century. In 1891, before the construction of the dams, suspended load transported by 
the river was about 25x10" tons per year. Like the water discharge, the transport of 
suspended sediment without river damming was quite irregular during the year. During 
the higher water discharge floods, the river could transport more than 106 Tmlday. 
Between 1906 and 1930, some significant dams (200 Hm"l were built in the upper part 
of the Segre River and several small capacity reservoirs CO. 3-28. Hm") were built in 
some of the Ebro River tributaries. The average amount of suspended sediment 
transported by the river decreased to 17x10" tons per year in 1911 and to 14x106 

tons per year in 1935. A really significant reservoir was not constructed until the 
forties, when the Ebro dam (540 Hm") was built in the upper part of the river. 
During the forties and the fifties several reservoirs with a capacity ranging from 
50 to 200 Hm3 were constructed. In 1959 another important dam, the Yesa dam (470 
Hm") was located in the upper part of the Aragon River Cone of the most important 
tributaries of the Ebro River l. At the beginning of the sixties, the amount of 
suspended sediment discharged by the river was 2.2x106 tons/year. The largest dam in 
the Ebro system Cthe Mequinenza dam) was built in the lower part of the .river in 
1966. The Mequinenza dam has a capacity of more than 1000 Hm". In 1969 the Ribarroja 
dam C136 Hm"'l was built a few kilometers downstream of the Mequinenza dam. In 1968 
another important dam was constructed in the Cinca River, the Mediano dam, whose 
capacity is 436 Hm". During the eighties the Ebro river discharged only between 
120.000 and 150.000 tons per year (Fig. 1). This means that at the present time the 
Ebro River is discharging into the Mediterranean less than 17. of the suspended 
sedin:ent that this river discharged into the sea before the construction of the dams 
CPalanques, 1987; Palanques et al., 1990). 

This huge reduction of the sediment input is mainly the result of the 
accumulative sediment retention in each of the dams built along the Ebro river and 
its tri~utaries and it is also the result of the location of the Mequinenza and 
RlbarroJa dams. These dams are located only a few kilometers upstream of the delta 
and they retain more than the 757. of the suspended sediment input and the totality 
of the bed load input that they receive CPalanques, 1987, Palanques et al., 1990). 
The decrease of the river water discharge also contribute to the reduction of the 
river sediment discharge. Moreover, dams prevent the big floods that could transport 
huge a~unt of. sed1ment to the . sea. At present, the Ebro river discharges mainly 
very f1ne sed1ment to the mar1ne environment, the bed load transported along the 
lower part of the river is insignificant and the Ebro delta coast receives 
practically no sand sediment supplies from the river so the action of the marine 
processes on the delta coast dominates the present evolution of the delta. It is not 
possible to interpret the geological record of the recent Ebro sedimentary deposits 
from present day river conditions. 
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En Mediterranee Occidentale, tant sur l'lle de Majorque que sur le littoral 
peninsulaire (Murcie, Alicante et Valence), d'importantes formations lacustres 
du Neogene-Quaternaire offrent d'interessants biofacies margino-littoraux 
incluant des organismes dent les biotopes oscillent entre les eaux deuces et 
les eaux supersaturees. 

Pour l'lle de Majorque preorogenique (Burdigalien inferieur) !'existence 
de lagunes paraliques est confirmee par Ia presence de biocenoses chaudes et 
euryhalines, alors que le lacustrisme post-orogenique des Baleares doit etre 
rapporte aux processus regressifs finimiocenes et surtout a ceux dependant de 
Ia grande crise messinienne de salinite dans toute Ia Mediterranee (COLOM, 
1985). 

Le sondage, de 350 m de longueur, a l'interieur de I'Aibufera de Alcudia 
(Majorque) nous offre une paleo-biologie tortono-messinienne, dont le 
caractere nettement marin (Marginulina costata, Cibicides pseudoungerianus, 
etc. et dans les formes planctoniques Globorotalia mediterranea, Turborotalia 
acostaensis, G/obigerinoides obliquus, etc.) cede Ia place a des niveaux riches 
en especes littorales (Ammonia beccarii, Fforifus boueanus, etc.). Sur ces 
facies, repose un niveau de Charophytes, Ostracodes euryhalins et 
cristallisations de gypse syngenetique, typique d'un milieu polyhalin et tendant 
a une haute salinite. 

Cet episode paralique finimessinien, regressif et interinsulaire, attaint 
30 m de puissance sedimentaire et paralt contemporain de l'intervalle entre Ia 
fermeture des "canaux" betique et morafricain et l'ouverture origopliocene du 
Detroit de Gibraltar. 

C'est entre -183 et -11 0 m du sondage qu'apparalt une fauna planctonique 
riche en Foraminiferes, avec plus de 60 especes parmi 6000 individus (MATEU, 
1982) qui indique !'incursion d'une microfauna atlanto-ibero-africaine 
( Sphoeroidineflopsis seminufus, Globorotalia margarita e. Globorotalia 
puncticulata, etc.} a travers le nouveau Gibraltar. 

Dans le Pliocene medic-superieur, et precisement pendant le Plaisancien, 
se consolide l'ecosysteme lacustre, marginolittoral de Majorque, avec 
Ammonia tepida, Chara sp. et Hydrobia sp. etc. qui, tant dans le marais 
d'Aicudia que dans les autres zones humides de Ia moitie sud de f'lle est lie a 
Ia fluctuation quaternaire de Ia ligne de cote au colmatage progressif alluvial 
du "canal central de Majorque" et a Ia regulation de ces aquiferes. 

Les zones lacustres de Majorque (Baleares) aussi bien que celle de 
Valence-Aiicante-Murcie se trouvent dans les rades d'age Postmiocene, sur un 
substrat Meso-cenozo"ique, plisse pendant l'orogemie alpine, avec des 
plissements et des failles d'orientation betique (NE-SO). 

Ces biofacies margino-littoraux des iles de Ia Peninsule, evoquent non 
seulement les anciens ecosystemes "Lago Mare", comparables aux actuels de Ia 
Mer Noire (TUFESCU, 1974), mais aussi les unites Pleisto-holocenes du littoral 
de Valence (Pego), Murcie (Mar Menor) et Majorque (Aibufera de Alcudia, 
Salobrar de Campos) ; malgre le tectonoglacioeustatisme quaternaire, (RIO et 
a/.. 1987 etc.), to us ont des associations de biocenoses margino-littorales 
mediterraneennes (LEVY, DUPRE et at., 1988, MATEU, 1989, etc.) 
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G-19 
Caractere de Ia Sedimentation sur le Plateau Continental de 

Mostaganem (Golfe d'Arzew, Algerie) 

Farid ATROUNE 

Laboratoire de Geologie Marine, I.S.T.!U.S.T.H.B., B.P. 32, EI-Aiia, Alger (Algerie) 

Du point de vue strictement sedimentologique, Ia plate-forme devant 
Mostaganem est caracterisee par une couverture essentiellement vaseuse. 
L'etude s'appuie sur !'analyse d'une centaine de prelevements de benne (type 
Van Veen) repartis au travers de Ia plate-forme, dans un domaine situs de part 
et d'autre d'une importante alimentation en elements fins issus de I'Oued 
Chelif. 

Les prelevements ont fait !'objet d'analyses sedimentologiques classiques 
et micropaleontologiques (Ostracofaune). 

Nous distinguons sur Ia Figure I, les differents facies qui ont fait !'objet 
d'une etude detaillee. 

Le secteur littoral est exclusivement occupe de sable (courbe unimocale); 
ces sables s'enrichissent progressivement vers le large en elements fins qui 
atteignent a -40 metres plus de 90% de pelites. Pour rendre compte de Ia 
presence d'une fraction fine, ALOISI et at. (1975) font intervenir un depot 
rapide provoque par les reactions physico-chimiques a !'interface. Seule Ia 
floculation permet d'expliquer l'heterogeneite du materiel qui participe au 
depot ; des examples sont egalement fournis (MONACO, 1971 ; PAUC, 1970) dans 
le golfe du Lion et a !'embouchure du Grand Rhone. 

Dans le secteur externe du plateau, les travaux de CAULET (1970) 
decrivent le facies bioclastique comme un sable organogene a coquillier 
(courbe plurimodale), !'analyse de ces sediments (sup. a 50% de carbonates) 
nous a conduit a observer les fractions principales suivantes : debris 
bioclastiques, Algues calcaires, Bryozoaires Echinodermes, spicules d'Eponges. 

Au large, les vases franches sont caracterisees particulierement par Ia 
presence de glauconie, mineral typiquement marin qui se rencontre le plus 
souvent a Ia base des formations transgressives (MONACO, 1973). 

Les Foraminiferes (fort pourcentage) et les Ostracodes nous permettent 
de bien differencier Ia vasiere des vases franches du large (BAKIR, These en 
cours) 
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G-110 
Apports detritiques de I'Oued lsser et le role du Canyon de Zemmouri 
El Bahri dans Ia dynamique des sediments du Plateau Ouest-Aigerois 

Hanifa BENSLAMA 

IST!USTHB, B.P. 32, EI-Aiia, Alger (Algerie) 

La baie de Zemmouri El-Bahri se situe a 1 'Est immediat de la 
baie d 'Alger. Tres largement ouverte vers le Nord, elle s 'etale 
sur une cinquantaine de kilometres . Elle est limitee a l'Ouest 
par le cap Ma-tifou, massif cristallophyllien, et a l' Est p~r le 
cap Djinet, massif eruptif basaltique. 

Ba.e de Zemll1W'1 El- Ba1n . 

Fog. I 

L'oued Iss"r constitue son principal tributaire (fig.l). Le 
plateau continental, tres etroit, occupe entre 2 et 6 km de 
largeur. Il est entaille par des canyons sous-marins fortement 
encaisses, comme les canyons de Zemmouri et du cap Blanc. La 
carte bathymetrique ( LECLAIRE, 1972) montre que les tetes des 
canyons entaillent tres haut le plateau : le canyon de Zemmouri 
El-Bahri. influence largement la topographie jusqu' a 50 metres 
{fig. 2). 

•l•o· 

On etudi" la repartition des parametres sedimentoloyiques 
au tour des tetes de canyons et sur le plateau adjacent. 

Le gradient d 'envasement s' avere par tout extremement rapide, 
surtout au tour et dans 1' axe des canyons 4 En particulier i 
l 'envasement depasse 90 % des l 'isobathe de -20 metres au tour de 
la tete du canyon de Zemmouri alors que l'environnement sur le 
plateau adjacent est beaucoup plus silteux (fig.J). 

0-<~t 

[!!j3>-20t 

l!lliJj25·50l 
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Fig.3 Repartitoo des Tereurs en Lutites 

On peut done penser que le materiel fin, issu en grande 
partie de 1 'oued Isser, se concentre dans 1 'axe du canyon de 
Zemmouri El-Bahri tandis que le grassier se repartit 
lateralement. Ces resutats demon trent done que ce canyon ne joue 
pas un role de transit mais sert de piege aux sediments par effet 
d'abri. Il s'agit done d'une structure tectonique et non d'une 
morphologie indui te par un transit sediment air<=. 
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G-Ill 
Mecanismes hydrosedimentaires en Baie d'Aiger (Algerie) 

S. BEAKANE 

Laboratoire de Geologie Marine, I.S.T.iU.S.T.H.B .. B.P. 32, EI-Aiia, Alger (Algerie) 

L'etude sedimentologique d'une centaihe de prelevements (bennes et 
carottes} ainsi que des donnees de matiere en suspension ont permis de 
definir les mecanismes hydrosedimentaires responsables de la mise en 
place des depots marins recents a actuels du plateau continental et du 
talus superieur de la baie d' Alger (Algerie). 
- La synthese des donnees sur la distribution des facies fait 
apparaitre les traits majeurs suivants : 

. Un large envasement , occupant· le partie centrale et septentrionale 
face a la cOte basse a partir de -30 m de profondeur de part et 
d' autre des embouchures des oueds El-Harrach et Hamiz . 

Des formations detritriques plus grossieres sableuses a sablo
pelitiques constituent les fonds littoraux a infralittoraux 

. Face aux bordures rocheuses qui limitent la baie a l'Est et a 
1 'Ouest , le plateau est reduit _ Les depots cOtiers sont representes 
par des formations grossieres carbonatees , qui se prolongent en 
digitation vers le centre de la baie jusqu'a 65-70m de profondeur . 
Dans ces secteurs 1' envasement occupe a l'Ouest , la partie mediane 
et septentrionale de la plate-forme , a 1' Est , la partie mediane du 
plateau , encadree par des formations detritiques tres grossieres et 
carbonatees , les sables cOtiers et les sables du large du haut fond 
rocheux de Matifou . 
Le caractere dominant de la sedimentation actuelle s' eXPrime done par 
1' existence d' un large envasement des 30m de profondeur ( lcs depots 
comportent plus de· 50% de pel i tes et le plus souvent plus de 95% de 
part et d'autre des embouchures) . Les mineraux argileux constituent 
1' essential de ces depots excepte les secteurs ou la turbulence est 
active ; le secteur des embouchures notamment celui de 1' oued Hamiz , 
au niveau des caps et bordures rocheuses . 
Ces envasements precoces face aux sources d' apports paraissent 
homologues aux prodeltas decrits par Alo1si et Al ( 1975) dans le golfe 
du Lion et lies en grande partie a la floculation electrochimique et 
organo-minerale , qui se produit a 1' interface eau douce eau salee . 

Les carottes pre levees en baie d' Alger recoupent 
presqu'exclusivement la vase grise argileuse holocene a actuelle a 
taches de monosulfures , indice d' un caractere reducteur dO au 
contexte local , notamment la morphologie de la baie _ Dans le domaine 
infralittoral , le recouvrement vaseux actuel , dans lequel 
s' individualisent des niveaux ou nids silteux qui traduisent des 
changements dans le regime hydrologique et hydrodynamique , possiMe 
une epaisseur d' au moins lm . On peut supposer que les taux de 
sedimentation au niveau du depot des prodeltas sont au moins de 
l'ordre de 0.1 mm/an . 
A· partir de nos observations , 1' epaisseur de cette unite ne semble 
pas varier suivant un fort gradient des depots prodeltaiques vers les 
parties distales . 
En effet , dans le domaine circalittoral on peut supposer des vitesses 
minimales de sedimentation du m~me ordre ( 0. 1 mm/an). Vers le large 
( secteur externe du plateau , au large du cap Ouest) 1 'epaisseur du 
recouvrement vaseux diminue et les taux de sedimentation ne depassent 
pas 0. 05 mm/an puisque dans ce secteur on atteint le facies sables 
coquilliers preholocene . 
Globalement ces estimations qui representant des taux minimes 
s'accordent avec les interpretations d'A1t-Kaci et Pauc {1982} en baie 
de Bou-Isma11 a !'Ouest d'Alger . En effet dans cette region , ou les 
apports fluviatiles (Oued Mazafran} sont largement plus importants 
qu' en baie d' Alger , le recouvrement vaseux holocene a actuel presente 
une epaisseur variable mais generalement faible (moins de 10m}. 
On peut done envisager des phenomenes de reprise sedimentaire et 
d' eXPortation du materiel vers le bassin , sous 1' effet de 
1' hydrodynamisme local et de la circulation generale . 
En conclusion cette etude nous a· permis de preciser le fonctionnement 
physiographique des differents domaines oceanographiques de cette 
region : 
- Le secteur physiographique infralittoral central soumis a la 
dynamique littorale resultante orientee vers 1 'Ouest est 
principalement alimente par les alluvions fines de 1' oued El-Harrach. 
- Le secteur oriental represente une zone a production carbonatee. On 
distingue la partie interne et la partie externe . Le secteur interne 
subit 1' influence locale des apports de 1' oued Hamiz et une dynamique 
littorale intense .Le secteur externe est le siege d'une remise en 
suspension du materiel terrigene et d' une production thalassogene 
accrue en relation avec les structures turbulentes decrites par Millot 
(1985}. 
- Les prodeltas et l'envasement circalittoral correspondent a une zone 
de stockage alimentee principalement et notamment pour les prodel tas 
par 1' oued El-Harrach . 
- Enfin le secteur externe et le talus superieur Algerois sont 
alimentes en partie par les particules fines terrigenes qui echappent 
au secteur interne de la baie . Ces zones sont le siege d'une faible 
sedimentation terrigene , voir d' une reprise sedimentaire sous 1' effet 
du courant turbulent algerien. 
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G-112 
R61e de I'Oued de Ia Soummam dans Ia Sedimentation argileuse du 

Golfe de Bejaia (Algerie Orientale) 

Lazreg BENSLAMA 

I.S.T/U.S.T.H.B., B.P. 32, EI-Aiia, Alger (Algerie) 

Le Golfe de Bejala constitue une large echancrure du littoral entre le Cap Carbon et le massif 
d'EI-Aouana. 

Le Plateau continental est rMuit, presque inexistent devant les promontoires rocheux du Cap 
Carbon et de Ia pointe d'EI-Aouana. II s'exprime entre I'Oued Soummam et I'Oued Djemaa par une 
etendue de l'ordre d'une dizaine de kilomtltres. II est entaille par un Canyon trtls etroit qui remonte 
jusqu'A 30 m de profondeur au droit de I'Oued Soummam auquel II se rattache. Ce canyon s'estompe et 
disparait vers l'isobathe 400. 

Sources d'apports et orlgine du materiel 
Au Sud immediat du Golfe, se dresse brutalement Ia chaine des Babors essentiellement 

constituee de calcaires jurassiques et de formations cretacees. Ces contreforts sont draines par des 
cours d'eau tres encaisses, A regime torrential. Les plus importants son! les Oueds Ojemaa et Agrioun. 
La Soummam est le principal tributaire par Ia dimension de son bassin versant (8460 Km2 A Sldl 
A'ich) et par ses apports liquides et solides. II draine, par le biais de ses confluents, les Oueds Sahel et 
Bou-Sellam, les formations bibaniques et les hautes plaines setifiennes. II s'achemine vers le golfe 
par Ia depression neogene de Ia valise de Ia Soummam. Le materiel detritique livre A Ia mer par eel 
Oued est estime 4 millions Van. 

Le debit liquide de Ia Soummam est de 577 Hm3 (moyenne inter-annuelle sur 20 ans). II est 
marque, comma tous les Oueds Algerians, par le facteur saisonnier ; le cycle annuel comprend 5 mois 
de crues (decembre A avril), 6 mois d'etiage Ouin A novembre) et seulement un mois de debit moyen 
{mai). Ce facteur saisonnier conditionne les apports fluviatiles. Les charges solides en suspension 
relevees pour cet Oued a !'embouchure, se repartissent ainsi: 

etiage 
7 A 10 mg/1 

crue moyenne 
1,8 g/1 

crue maximale 
12,7 gil 

II a ate etabli un apport solide en suspension en transit a !'embouchure de l'ordre de 0,3 
million de van. Ce tonnage a ate determine par extrapolation des resultats obtenus sur I'Oued 
Mazafran. II a ate tenu compte de Ia similitude des regimes et du rapport des debits liquides. Le 
materiel est compose pour moitie de mineraux argileux. 

Preparation des echantlllons et analyse mineralogique 
Aprils attaque A l'eau oxygenee {30 volumes) durant 2 h. a 60°C, Ia fraction inferieure A 40 

microns est purifies des matieres humiques qu'elle peut contenir ; !'elimination des carbonates est 
obtenue par attaque A I'HC1 {A 10%). L'echantillon est lave par centrifugation A l'eau distillee. II est 
soumis apres ajout de defloculant {Hexametaphosphate A 0,1%} aux ultra-sons, jusqu'A complete 
desegregation. La suspension est alors versee dans une eprouvette au repos pendant une heure ; Ia 
prise est effectuee. dans le centimetre superieur et deposee sur une tame. Cette dernltlre, mise dans 
une etuve maintenue A 40°C, fournit une lame mince de mineraux argileux orientes qui servlra A 
!'analyse diffractometrique(o) · 

Les enregistrements des echantillons naturals montrent d'une maniere generals, des grands 
angles de diffraction aux petits angles, un doublet a 3,54 A-3, 58 A, le pic A 3,58 A etant le plus 
exprime ; un pic fin et bien developpe s'individualise A 7,20-7,12 A. Entre "9,98 A et 14,30 A 
!'enregistrement est diffus mais il presents un pic a 10 A bien individualise par sa forte lntenslte ; 
quelques pointements soulignent le passage entre ce pic et celui A 14 A legerement exprime.Le 
traitement A !'ethyl-glycol n'amene des changements que dans l'intervalle des petits angles de 
diffraction ; le pic A 10 A se precise davantage vers 9,95 A, oil il deviant plus stale. L'epaulement 
entre 10 et 14,26 A se resserre autour du pic A 14,18 A et est mieux marque que sur l'essal natural. 

II ressort done une association de mineraux argileux simples : illite, kaolinite, chlorite et un 
melange interstratifie-smectite. Nous avons pris en consideration pour Ia presents etude Ia 
repartition des teneurs relatives des mineraux argileux majeurs : illite, chlorite et kaolinite. 

Repartition des dlfferents mlneraux arglleux 
L'illite est le mineral dominant. Sa concentration est particulierement elevee devant les 

Oueds Agrioun, Ojemaa et Soummam. Au droit de ce dernier, une zonation se fait dans l'axe du canyon 
et on note une diminution des teneurs d'amont en aval : de plus de 60% A moins de 40%. 

Les teneurs moyennes en chlorite sont comprises entre 25 et 30% et se repartlssent sur 
!'ensemble du plateau entre -20 et -100 metres de fond. Au-dell! de Ia bordure du precontlnent, les 
concentrations sont voisines de 20% saul au droit de Ia Soummam oil l'on note une distribution 
inverse de cella de !'illite. Les plus fortes concentrations en chlorite sont confinees en aval du Canyon 
{40%). 

La kaolinite occupe sensiblement les memes aires que Ia chlorite, mais elle est mleux 
exprimee dans les profondeurs intermediaires du plateau continental. II est A noter que les plus 
faibles valeurs sont situees A !'embouchure des Oueds Djemaa. Agrioun et Soummam. 

La dispersion des particules detritiques en mer s'accompagne d'une sedimentation 
differentielle. Le canyon de Beja'ia joue le r61e d'emissaire dans l'acheminement des sediments fins 
vers les grands fonds. Le flux d'eau douce issu de I'Oued Soummam se fait en direction du Canyon. Cecl 
est souligne par Ia distribution de !'illite. Chlorite et kaolinite occupant un domaine bathymetrique ou 
l'effet de l'hydrodynamisme c6tier permet leur dep6t. On note des concentrations ~levees de ces 
mineraux devant le Port de Beja'ia qui est une zone abritee des houles et des vents d'Ouest A Nord
Ouest les plus frequents. 

(•) La determination des mineraux argileux a ate faite sur des echantillons naturals et glycoles par 
traitement informatique mis au point et utilise au laboratoire de Perpignan 
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G-113 
De !'existence d'un Facies Coquillier Relique en bordure externe de Ia 

Plate-forme Continentale du Golfe d'Arzew (Algerie Occidentale) 

Djamal AMOKIES 

I.S.T.!U.S.T.H.B., B.P. 32, El-Alia, Alger (Algerie) 

La. repartition des facies superficiels sur le plateau 
continental du Golfe d 'Arzew fait ressortir les aspects 
essentiels suivant : 

* une sedimentation detritique et organogene constituant 
les depots de la zone littorale a infralittorale (-10 a - 40 
metres); 

* un envasement circali·ttoral de grande extension occupant 
la partie mediane du golfe ( -40 a - 80 metres; 

* un facies coquillier relique en bordure du plateau ( -80 
a -130 metres). 

Les deux facies grossiers sent relativement peu etendus 
de part et d' autre de 1' importante vasiere centrale. 

Le long du rebord continental, le facies coquillier du 
large forme une bande continue. Il est represente par des debris 
grossiers a moyens' plurimodaux, dent la taille varie de 60 a 
4500 J.lm- Les medianes sent comprises entre 90 et 1050 J.lm. Il 
semble que le classement decroisse vers la peripherie de la zone 
coquilliere relique: l' indice de classement (So de Trask) passe 
de 1, 72 a 3, 02 vers 1 'extremi te orientale du depot. 

La fraction carbonatee y est toujours tres importante 
( >50% ) et d'origine organogene. On y reconnait des debris de 
Lamellibranches, Gasteropodes, Li thothamniees (maerl), des 
Foraminiferes et des Ostracodes. 

L'existence de ce facies en bordure du plateau, 1 'usure .. t 
la fragmentation des debris et la presence de glauconie 
conduisent a interpreter ce facies organogene comme un sediment 
relique. 
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G-114 
Relation entre les Associations Faunistiques d'Ostracodes et Ia 

Bathymetrie - Marge Continentale du Golfe d'Arzew (Algerie 
Occidentale) 

Mimia BAKIR 

I.>S.T./U.S.T.H.B., B.P. 32, El-Aiia, Alger (Algerie) 

Le Golfe d 'ARZEW se si tue dans la partie meridional.;, du 
bassin algero-baleare. 

L' et-ude porte essentiellement sur le plateau continental de 
cette zone et concerne la fraction superieure a 40J.Im du sediment 
superficiel. 

Les faunes d' Ostracodes se regroupent en quatre types 
d' associations selon un etagement bathymetrique bien determine. 

PREMIERE ASSOCIATION : de 25 a 50 metres 

- Loxoconcha rhomhoidea 
- Loxoconcha granulata 
- Carinocythereis carinata 
- Semicytherura incongruens 
- Limnocythere sp. 

DEUXIEME ASSOCIATION : de 50 a 80 metres 

- Loxoconcha rhomboidea 
- Loxoconcha granulata 
- Cytheropteron rotundatum 
- Costa Edwarsii 

TROISIEME ASSOCIATION : de 80 a 150 metres 

- Loxoconcha rhomboidea 
- Cytheropteron rotundatum 
- Cytheropteron alatum 
- Costa Edwarsii 
- Bosquetina dentata 
- Kri the 

QUATRIEME ASSOCIATION : de 150 a 280 metres 
- Cytheropteron rotundatum 
- Cytheropteron alatum 
- Paracypris poli ta 
- Kri the. 

La presence de representants du genre Krithe a des 
profondeurs de 1 'ordre de 80 a 100 metres est remarquable. 
Cette espece se trouve normalement a des profondeurs plus 
elevees. 

Deux recentes etudes d' Oceanographie physique ( C. MILLOT, 
1985 et I. TAUPIER-LETAGE, 1988) ont mis en evidence la presence 
de formations tourbillonnaires -gyres- le long de la marge 
algerienne. Ces structures, engendrees par 1 'entree atlantique, 
la morphologie de la marge et la deviation de Coriolis, induisent 
des remontees frequentes d' eaux profondes , systemes d' up-welling 
soul ignes par les etudes planctoniques. 

Les Kri thes peuvent E!tre considerees comme des especes
temoin de ces phenomimes. 

Cette etude permet de mettre en evidence deux resultats : 
-1- la relation profondeur-association faunique specifique; 
-2- la confirmation de la presence d. un systeme tourbillonnaire a 
1 • origine de remontees d • eaux profondes sur la bordure du plateau 
continental oues t-a1gerien. 
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Role de I'Oued Soummam et du Canyon de Beja"ia dans Ia sedimentation 

argileuse du Golfe 

lazreg BENSLAMA 

I.S.T./U.S.T.H.B., B.P. 32, EI-Aiia, Alger (Algerie) 

Le golfe de Bejaia consti tue une large echancrure du 
littoral entre le cap Carbon et le massif d' El Aouana. Le plateau 
continental est peu etendu. Il est entaille par un canyon tres 
etroi t qui remonte jusqu. aux fonds de 30 metres au droit de 
1 'oued SOUMMAM. Le materiel detritique livre a la mer par ce 
tributaire est estime a 4.106 t/an (LECLAIRE, 1972). Il a ete 
etabli un apport sol ide en suspension en transit A 1 'embouchure 
de l'ordre de 0,3.106 t/an ( PAUC et BENSLAMA, 1988). Ce materiel 
est compose pour moitie de mineraux argileux (PAUC et al., 1988). 
Notre etude a porte sur la determination et la repartition des 
teneurs relatives des mineraux argileux majeurs : illite, 
chlorite et kaolinite' dans les sediments superficiels du golfe-

L'illite est le mineral dominant. Sa repartition decrit des 
concentrations elevees devant les oueds Djemaa, Agrioun et 
Soummam. Devant ce dernier, une zonation se fait dans l'axe du 
canyon et on note une diminution des teneurs d' amont en a val : de 
plus de 60% a moins de 40%. 

Les teneurs moyennes en chlorite sont comprises entre 25 et 
30 % et se repartissent sur 1' ensemble du plateau en tier -20 et 
-100 metres de fond. Au-delA de la bordure du precontinent, les 
concentrations sont voisines de 20 % sauf au droit de la Soummam 
ou l'on note une distribution inverse de celle de l'illite.Les 
plus fortes concentrations en chlorite sont confinees en aval du 
canyon ( 40 % ) • 

La kaolinite occupe sensiblement les memes aires que la 
chlorite, mais elle est mieux exprimee dans les profondeurs 
intermediaires du plateau continental. Il est A noter que les 
plus faibles valeurs sont si tuees a 1 'embouchure des oueds 
Djemaa, Agrioun et Soummam. 

Conclusion 
La dispersion des particules detri tiques en mer s 'accompagne 

d' une sedimentation differentielle. Le canyon de Bejaia joue le 
rOle d' emissaire dans 1' acheminement des sediments fins vers les 
grands fonds. Le flux d' eau douce issu de 1' oued Soummam se fait 
en direction du canyon. Ceci est souligne par la distribution de 
l'illite (CHAMLEY, 1971). Chlorite et kaolinite occupent un 
domaine bathymetrique ou l. effet de 1. hydrodynamisme cotier 
permet leur depot. On note des concentrations elevees de ces 
mineraux devant le port de Bejaia qui est une zone abri tee des 
houles et des vents d • ouest a nord-ouest ·les plus frequents. 
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G-Ill 
The Miocene salt formations of the Central Paratethys Basin are not 

evaporites 

Jerzy LISZKOWSKI 

Department of Geology, Adam Mickiewicz's University, Poznan (Poland) 

Salt bearing formations of Lower and Middle Miocene age are 
widely distributed deposits within the molasses of late - to post - tectonic 
structural basins of the Carpathian region of the eastern Central Paratethys : 
The Carpathian Foredeep, the Transylvanian-, Transcarpathian and South
Slovakian Basins. In compliance with the generally accepted paradigm of 
sedimentology, oceanology, physical geology e.t.c. salinar formations are of 
evaporitic origin, i.e. formed under hot (warm), semiarid climatic conditions, 
where evaporation (E) exceeds ·precipitation (P) and inflow (I) : IE > P + I/. 

However, palaeobotanic, both macro- and microfloral, as well as 
results of paleozoological, especially of terrestrial great mammals studies point 
to a warm or even hot but humid, periodically even wet climate durint the 
whole Lower to Middle Miocene time of the Central Paratethys. These data are 
inconsistent with the evaporative halogenetic model which require a 
substantial deficyt in the water budget due to evaporation. 

Also, the geological setting, the lithology and mineralogical
geochemical composition of the Miocene salt formations of the Carpathian 
region are in many respect quite unusual : (i) they occupy the basal parts of 
individual macrocycles of molasse deposits: (ii) they occur transgressively in 
respect to the marginal zones of particular molasse basins: (iii) they pass 
laterally into late syndiastrophic flyschoidal or flysch deposits of the final 
miogeoclinal troughs: (iv) they pass laterally into or are immediately covered 
by brown coal deposits: (v) they commonly exhibit features of redeposited 
sediments, i.e. of olistostromic, olistolithic and turbiditic deposits: (vi) they 
show exact temporal coincidence with pulses and phases of strong 
tectomechanic activity within the adjoining Neo-Alpine Carpathian fold - and 
thrust belt: (vii) they are lithologically mostly composed of zubers with clay to 
halite ratio between 9 to 6 (halite saturation index : 0,1 to 0,4); (viii) halitites 
possess abnormal high Ba and Sr concentrations and a strongly variable Br
index: (ix) potash-salts occur accidental, not infrequently in basal parts within 
the vertical sections of individual salt formations, e.t.c. 

Based on these and other inconsistences it is stated that the 
salt formations discussed are not of evaporitic origin. Paleoclimatic 
reconstructions based on the presence of salts in the geological section alone 
are in the case cited a classical circulus in demonstrando. 

To explain the origin of Miocene salt formations of the eastern 
Central Paratethys region, a new halogenetic model was formulated. The 
model proposed stress the first order, active role of the orogenic factor for the 
origin of the salt formations discussed. They were the result of precipitation 
and deposition of salt minerals from highly concentrated residual connate 
brines (formation fluids) expulsed from the compacting and consolidating 
underthrust sediments and folded and thrusted flysch masses of the 
acretionary prism due to the increase of the overburden pressure and lateral 
compression (Liszkowski, 1989). 

There is only one point which is difficult to explain within the 
framework of the proposed model : the presence of potash salts and their 
accidental and even in the basal parts within the vertical succession of salts 
deposited. To explain this it is assumed that a part of the fluids expelled 
where of descendic origin, i.e. formed as the result of dissolution of an older 
salt formation of true evaporitic origin. Then the concentration of the expulsed 
brines could attained more than 600 g/dcm3, resulting in rapid, extensive 
subaqueous precipitation of potash salts. Looking for the source-rocks of this 
old evaporite formation, the author (Liszkowski, 1989) has drawn attention 
that the Late Eocene to Early Ologocene Menilite Formation of the eastern 
part of the West-Carpathian and of the East-Carpathian Flysch belt exhibit 
many characteristics of a basal anoxic member of a complete evaporite 
sequence. The occurence of gypsum intercalations and layers, globigerina 
oozes, pelocarbonates, silicites and quartz crystals, diatomites and quartz 
grains with eolian surface textures may been interpreted as additional 
particulars in support of the last hypothesis. 

Thus the acceptance of the evaporative halogenetic model as 
universal theory or paradigm may be praemeture. 

REFERENCES 

LISZKOWSKI (J.), 1989 -A new halogenetic model for the origin of Lower and 
Middle Miocene salt formations. of the Carpathian region, eastern Central 
Paratethys (in Polish, Engl. and Russ. res.). Prace Naukowe, Uniw. Slaskiego w 
Katowicach nr 1019, Katowice, 102 p. 

Rapp. Comm. int. Mer Medit., 32, I ( 1990). 



G-II2 
Paleosalinity of the Black Sea (Yelta Region) 

S.·M. NASR", Y.·N. GURSKY"" and M.·G. VALYSHKO .. 

·oepartment of Environmental Studies, Institute of Graduate Studies and Research, Alexandria University 
(Egypt) 

.. Department of Geochemistry, Faculty of Geology, Moscow University (U.S.S.R.) 

The aim of this study was to construct a distribution maP for 
paleosalinities in Yelta region to highlight the environmental 
conditions and geological evolution of the Black Sea during the 
Late Quaternary time. Seven successive core samples were 
collected along a profile extending for about 40 Km offshore. 
According to a previous stratigraphic study (Nasr, 1983), the age 
of core sediments No. 96, 91 and 92 is Holocene (New Black Sea + 
Old Black Sea), while cores No. 94, 95, 97 and 99 is Holocene + 
Upper Pleistocene (New Euxinian). Values of paleosalinities of 
interstitial water varied from 16.38 to 22.69 %. in the 
investigated sediments. In nearshore area. the values of 
paleosalinities of interstitial water were less than salinities 
of the overlying sea water~ while in deep sea ~ it was the 
contrary. Contouring for vertical distribution of interstitial 
paleosalinities in Yelta region (Fig.l) reflected two important 
facts' (1)Gradual increase in the offshore direction,and(2)Gradual 
decrease in the downward direction . The gradual increase of 
paleosalinities in offshore direction reached a maximum value 
( 22. 69 %. ) at the top of core No. 99 in the deepest part of ·the 
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investigated area (1820m)., while a mimmum value tl6.38 %.) was 
recorded at the lower part of core No. 96 in nearshore area (36m 
depth}. The values of paleosalinities observed in nearshore area 
could be attributed to inland fresh water dicharege into the Black 
Sea. This is in agreement with Manheim and Chan ( 1974), who 
suggested the presence of subsea discharge of relatively fresh 
water in the Black Sea basin, espcially from west of Crimea. 
Gradual decrease of paleosalinities in downward direction in 
sediment success ion i.e. from He l ocene to Upper Pleistocene (New 
Euxinian) is due to environmental conditions and geological 
evolution prevailed during this time. In glacial stage of New 
Euxinian time, the sea level was lower than present,, and the 
Black Sea had less salinity. lt virtually became brakish water
or even fresh water lake when the sea level stayed low long 
enough ( Emery and Hunt, 1974). Irregular disribution of 
paloesalinity is evident in the tongue shaped pattern the 
lower part of core No. 99 . This could be attributed to the 
reaccumulation of deposits from the continental margin to the 
deep sea sites. 
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G-II3 
Danube Delta, Genesis, Evolution and Sedimentology 

N. PANIN 

Institute of Geology and Geophysics, Marine Geology and Sedimentology Laboratory, Bucharest (Romania) 

The Danube Delta can be divided into three major depositio
nal systems (fig.1 ,2): the delta plain uith a total area of «bout 
5,800 sqKI•t, fro.., which the 11arine delta plain area is of 1 ,BOO 
sqKm; the delta front \·lith. an area of ca.1,300 sql(I:l, divided into 
ciel ta-front platfor;r, (800 sq Kra) and delta-front slope (ca. 500 
sql{m) extendin£ off-shore to a .. 1a.ter depth of 30-40 m; the prode
lta lies off-shore, at the base of the delta-f"·ont slope till 50-
60 m uepth, covc1·ing ~n area of wore tha....'fl 5,500 sql~r.-.. The delta 
front end. es:?ecially ti1c p:--oclelta display a pattern of sUO-na:r·ine 
channels, '4-10 111 cleep, bordex·eU by lateral levees; these channels 
seE:i:l to constitute <iischarge \-:ays of turbid flov1 yield Oy ·the 
river distrioutaries at hig;1 flood. Beyond ti1e prodelta seil.wuru 
ti1ere is the continental shelf \lith c. tnin, non-consolidate{., 
actua.l· sediment cover (fig. 2). Here >~e can identify the pattern 
of the channels followed by the Danube durir.c; the lo\i sea level 
periods to;.1ards the shelf edge, more precisely to the canyon 
Vi teaz (fig. 1). It is also to· notice ti1e existence of some defol·
roational processes of nonconsolidated se<lir.Jents, sucl1 as: rota
tional slides, affectin,:; the superficial layel' of 10-30 m thicl:, 
tflC.3U- o::- I;md-flo·~.,s, collc..,:Jse depressions etc. 

Ti1e uelta develop;,Jent is controled by: the river sediDent 
input (the Dc.:1ube averc.ge seJiroent discharge is ca. 50.106 t/y 
out of whici1 5-G. 106 t/y sandy materiG.l); the prevailance oi 
>linus from the northe1·n s .. ctor (40-50 % of instances); the predo
EiinC!uce of southHil.rCi trendinG of !i1arine currents; the long-s!tore 
sediment urift directed also to\lards the South; the relatively 
important values of \·lave po>~er etc. 'i'he interaction of these 
factors is controlling the delta morpholo~ical type, the geouetry 
oi the volumes of deltaic deposits, the assirnetry of the deltas 
of Danube's distributaries ar..ti their development and evolutior... 
In the end to charactel"ize 1:he delta sediment distribution ·and 
the rna~ni tude of fluvial c:.nd. warine processes controlling the 
delta shape a!1d uevelopment there >~ez-e used the indices of prot
rusion (Ipr) ,of crenulation (Icr) and of sediment distributio!1 or 
s}:eHness (Sk) proposed by Col,IOa!1 and ~l"ight ( 1971) . 

r.rhe ilanube Delta overlaps the predobrogean Depression wi1ich, 
in its tu.rn, lies mainly on the Scythian Platform. The Se«uence 
of the Scythian Platforr;J cover deposits .:hich constitute the fil
ling material of the Preuobrogen Depression display six sdimenta
t ion cycles (Paleozoic, Lo\·ter ·Triassic, 1-:iidd.le-Up:pe~ Triassic, 
Jurassic, Lower Cretaceou-s and Sa1·matian-Pliocene) (Patrut et al., 
1983). The Danube Delta is situated in a. area oi hi~il mobility of 
the Earti1 crust, repeatediy affected by strong subsidences and 
importartt sediment acuurnulatious. The deltaic conditions were 
:;ettled here during the (.juaternary, \1hen the Dauube started flo\·f
ing into the Black Sea basin. 

The Danube Delta edifice is build up of a sequence of de
trital deposits of tens to 300--400 meters thick formed mainly 
during the Uppe!" Pleistocene (Karansatian, Su1·ojskian, lleoeuxi
nian) and the Holocene. The Holocene e~rolution of the Danube 
Delta include the folloviins r;Jain ph,ases: (1) the forr.1ation of the 
Letea-Caraorman initial Sl>i t, 11 , 700-7,500 years BP; (2) the Sf. 
Gheorc;he I Delta, 9,000-7,200 years BP; (3) the Sulina Delta, 
7,200-2,000 years BP; (4) the Sf.Gheorghe II and Chilia Deltas, 
2,000 years BP- present; (5) the Cosna-Sinoie Delta, 3,500-1,500 
years EP. 

The Db.nube ciel ta plain Uisplays a. fe\'/ main facies types of 
sediments, as follo·,;s (fig.4):(I) marine littoral deposits of t;;o 
tylJes: type"a", for;.1ed by the longshoi""e tlrift froo the Jiorth 
(-from the LlOUtlJs of rivers Southern Bug, Dniester and Dnieper) 
and. type"b", of D1mubian orie;in; (II) lacustrian littoral depo
sits, forming t~1e Stipoc and Hosca-Suez lacustrian spits; (III) 
fluvial deposits, genetically related to the Danube distributa
ries syste1r., inulude several types: bed-load and taouth-bar depo
sits, subaqueous and ::5Ubaerial natural levees deposits, crevasse 
and crevasse-.;play derJosits, point bar and rJeander belts de:po
s its, decantation depo:;i ts into intradel taic depressions and 
interdistributary area etc.; (IV) marsh deposits;(V) loess-like 
deposits. 
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Man's Impact on the Romanian Coastal Zone 

lulian POSTOLACHE 

Romanian Institute for Marine Research, Constanta (Romania) 

Generally, until man's impact on coastal processes, the discharge ·of 
sediment has exceeded the erosion potential, the delta extended seaward and 
the other beaches of the zone A were enriched with sand. 

...__.___, 
0 20Km 

Por tifa 

Two major and distinct sediment types are found in the Romanian Shore 
Zone. The first sediment type consist of sand, silt and clay which are brough to 
the sea by the Danube. In the past, fine sediments from Danube have provided a 
major portion of the sediment that fill the beach of the zone A up to 87% on the 
beach and up to 95% in the nearshore zone. 

The second type consists of calcareous suite sediments (shell fragments 
and other organic material that predominantly fill the beaches of the zone B up 
to 98% on the beach and up to 80% on the nearshore zone. 

Man's intervention beginning with hydrotechnical construction's on rivers, 
with construction of the harbors and with the extention seaward for 9km of 
the Sulins Channel. The utilization of the sand from beaches for constructions 
and industry, pollution of the sea are the other interventions too. 

Man's impact has resulted in a partial Ieos of Danube as an important 
sediment source for the delta and for the beaches of zone A. As a consequence, 
the action of waves and currents, which have remained undiminished, are in the 
process of eroding and changing the configuration of the coastline of the zone 
A. 

The beginning in 1975 of a series of beach profiles, from Sulina to South 
to Mangalia, was an essential part of erosion study. Repeated surveys along 
these profiles have proved to be the most effective means of monitoring the 
erosion. Comparison of the beach profiles shows the rate of the shoreline 
change from year to year. 

The modifying distances of the coastline are presented in the following table : 

The Zone 

c 
D 
E 
F 
G 
H 
I 
J 

from 1962 to 1978 • 

310; 22 

- 102; 16; - 33 
27; 147; 162; 99; 65; 35 
1;- 34;- 131;- 87;- 72;- 21;· 10 
100; 82; 190 

from 1978 to 1987 • 

110; 59 
- 12; - 22; - 47 
- 53; - 21; 0 

~ 7~; 7: :ci; ~~4~;- 1:o;- 56;- 32 
48; 39; 7 
- 3; 14; 1 
- 26;- 4;- 17;- 7;- 20;- 26;- 36;- 10 

·The proftles are dtstnbuted umform by plotted zones m the f1gures 
-erosion; accretion 

The yearly rates show the accelerating of erosion and that the coastline has 
retreated about 70% as the lenght of the coast. 

In the zone B there are predominantly the cliffs that separates the cells 
seaward with a typical transport of the sediments. The coast has a relative 
stability in case of this particular beach. The waves periodical erode the cliff. 
Numerous structures have been built along the coast of the zone B to widen 
beaches for recreational use and to prevent cliff erosion, and others to provide 
harbors. 
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Geophysical Studies and Crustal Structure of the European 

Geotraverse - Southern Segment 

F. EGLOFF' , J. MAKRIS' and R. NICOLICW• 

'lnstitut fUr Geophysik, Universiti!t Hamburg (F.R.G.) 
.. lstituto di Miniere e Geofisica Applicata, Universita Trieste (ltalia) 

The structure of the crust in the Ligurian Sea and the Sardinia Channel 
was investigated by the EGT-S (European Geotraverse-South) seismic experi
ments in 1985 and 1987. The resulting refraction and wide-angle reflection 
seismic data indicate a stretched continental crust in the eastern part of the 
Ligurian Sea The ocean-continent boundary can be seen at water depths of 
nearly 2,000 m. The Pg and PmP arrivals can be clearly identified. The P-wave 
velocity of the sedimentary layers is about 2.5 km/s and 4.1 to 4.5 km/s. The 
continental-oceanic crust boundary Is characterized by a marked change in 
the amplitude and velocity behaviour in the seismic sections. The most heavi
ly· stretched segment of the continental crust is 17 km thick, and the crust 
thickens towards the Italian coast to about 30 km. The oceanic crust is ap
proximately 10 km thick. The upper mantle velocity under the continental 
crust Is 7.5 km/s, as established by previous investigations. The oceanic crust 
has an upper mantle velocity of 8.0 km/s {Fig. 1 ). 

The profile shot in the Sardinia Channel shows an 18 km thick stretched 
continental crust in the central part. The sedimentary cover reaches a depth 
of 6 km below sea-level and is 4 to 5 km thick. It consists of two main layers, 
one of recent sediments with 2.2 km/s, while the lower sediment velocity 
varies between 3.8 and 4.2 km/s. Strike-slip movements and shearing along the 
southward dipping faults are responsible for the present day geometry of the 
crust in this area. Our results show that the shear zone previously identified 
across the Kabylia structure and the Sardinia Channel is located south of an 
observed crystalline high in the central part of the profile. This shear zone 
divides the profile into two parts, the southern one being the most heavily 
stretched. These two profile segments are presented and the geological evi
dence discussed. 
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La campagne "Me-Sea 1" du "Jean-Charcot" 

Gilbert BELLAICHE", Laurence DRoz·, Virginia GAULLIER', Alain COUTELLE .. , Jean-Claude 
ALOISI••• et Claude DEGIOVANNI" ... 

E2 

"Laboratoire de Geodynamique Sous-Marine, Villefranche-sur-Mer (France) 
••universite de Bretagne Occidentale, Brest (France) 

•••Laboratoire de Sedimentologie et Geochimie Marines, Universite, Perpignan (France) 
••••centre Oceanologique de Mar~eille, Faculte des Sciences de Luminy 

La campagne "Me-Sea 1" s'est derouh~e du 
18 Janvier au 22 Fevrier 1990 au large des 
cotes fran!raises de Ia Mediterranee a bord du 
navire oceanographique "Jean Charcot". Elle 
avait pour but de completer Ia couverture 
Seabeam et geophysique (sismique continue, 
magnetometrie et sondages 3,5 kHz)) de ces 
secteurs entreprise des 1981 et 1982 
("Deltarho" 1 et 2, "Seadome"). Cette 
campagne, qui s'inscrit dans le cadre d'un 
vaste programme d'exploration systematique 
des zories d'exploitation economique sons 
juridiction fran~aise (ZEE), a abouti au leve 
de 186 profils paralleles representant nne 
longueur de pres de 13 000 kilometres 
(figure ci-dessous, cadre epais). Leur 
exploitation scientifique permettra de 
preciser . les connaissances que nons avons de 
ce bassin et les documents cartographiques 
qui en resulteront serviront de base aux 
travaux oceanographiques a venir. 

Ce programme sera poursuivi a Ia fin de 
l'annee 1990 par l'exploration de Ia marge 
corse a bord du nouveau navire 
oceanographique fran!rais, "I'Atalante" (" Me
Sea 2"). 

Plan de position des dift'erents · nrofils 
Seabeam. sjsrnjgues.3.5kHz et 

magnftometrjgues realises pendant les 
campagnes Deltarho 1 et 2 0981. 1982). 

Seadome ()982) et Mesea 1 0990) a bord du 
N 0 "Jean Charcot". 
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G-1113 
Le Bane des Blauquieres {Sud-Est Marseille, France) : Juxtaposition 
de deux types de Marges Continentales Mediterraneennes? Apport de 

Ia Stratigraphie Sismique 

Claude DEGIOVANNI et Frederic POYDENOT 

Centra d'Oceanographie de Marseille, 1:>288 Marseille (France) 

Le bane des 81 aucui€res. si tue au Sud de l a baie de La Ciota t est 
limite a l'Ouest oar le canyon de Cassidaigne et a l'Est oar le canyon 
des Blauquieres. 

Du Nord au Sud~ tl-ois secteurs divisent le ·bane morphologiquement* 
-Un secteur septentrional cui est caracterise oar une topographie 

en cuvette dissymetriouement et dent le orand axe est oriente W-E* 
Cette cuvette s'ouvre largement a !'Ouest vers le canyon de 
Cassidaigne. Les prof i 1 s topo-bathymetr iques reve 1 en t du 1 it tara 1 
jusqu·a -?Om de profondeur une oente relativement forte (environ 9%). 
De -70m a -120m la oente a une valeur voisine de 0. 5%. un d£2-crachement 
intervenant a la cote -90m. 

-Une zone de haut-fonds. orientee egalement W-E (Esquine - l:'les 
des Embiez - Sicie), culmine vers -90m. Une passe, appraximativement 
situee en son milieu permet d'9ventuels echanges (hydrologiques et/ou 
sedimentaires) entre les deux secteurs Nord et Sud. 

-Enfin, la partie meridionale a un relief tabulaire et de faible 
pente forme un plateau presentant une brusque rupture de oente vers 
-l20m. 

Au dela, vers le Sud, le bane des Blauquieres est limite par le 
talus continental que nous n'aborderons pas particulierement. dan5 ce 
travai 1 ~ 

Des campagnes sismiques r~centes, haute et moyenne resol,utions 
ainsi oue des carottages, ant permis d' individualiser deux types de 
structures sedimentaires genetiquemen t d if feren tes, qui carac ter isent 
les zones localisees au Nord et au Sud de l'arete Esouine - l:les des 
Embiez Sicie. Sur cette derniere les sediments recents au 
ouaternaires sont soi t absents 1 sci t d · epaisseurs redui tes ~ Les 
carottages ant precise la nature cristallophyllienne (phylla.des) de 
ces a·ffleurements. 

Fig, 1 

-Les coupes sismiques du secteur septentrional C fig •. 1) men trent 
une structure sync lin ale d' effondrement et subsidente qui peut 'etre 
interpretee comme le prolongement saus-marin du synclinal a coeur 
01 igocene identi f i2 a terre au Sud de Sandal. Cette structure 
relativement etraite a l'Est, s'tdargit vers le centre du bassin Cau 
droit de la baie de La Ciotat), puis se retrecit de nouveau en 
apprachant de la t~te Est du canyon de Cassidaignea Les divers profils 
perpendiculaires au grand axe du bassin montre que de puis 1 'Oligocene, 
ce bassin est le siEge d'une sedimentation de type chenalisante 
r""eliant la t'ete Est du canyon de Cassidaigne. On peut voir la dans ces 
palGomorphologies la trace d'un palt?ocanyon qui debouchait alors dans 
le canyon de Cassidaigne. 

L ·ex amen des coupes sismiques man trent plusieurs corps 
sedimentaires sur la bordure N de l'Esquine. Selon les schemas de Vail 
et al. (1987), il s'agit de prismes de bas niveaux. 

Fig. 2 

Au Sud de l'arete (fig~ 2), les analyses de stratigraphie sismique 
sequentielle du secteur meridional revelent 1' imbrication de plusieurs 
corps sedimentaires correspondant a des niveaux bas (PBN, PBP), des 
niveaux interm2dia.ires (IT) de transition et des niveaux hauts CPHN) 
selon les interpretations de Vail et ol.. ( 1987). Ces corps 
sedimentaires cat""acterisent une plateforme continentale sur laquelle 
on met en evidence une seouence de tvoe 1 avec un prisme de bas 
n1.veaua un n1.vea.u intermed1.a1.re et un n1.veau de haut n1.veau. 
Lateralement ces structures varient en ouissance. en etendue. et 
oeuvent meme disoaraitre loca.lement. Les eoandaaes de canyon sous
~ar in n · aoparai'ssen t ou ·au bas du talus et -oui n 'on t cas ete 
consideres ici. Vers l'Est. un ensemble d'arigine incertaine recouvre 
la surface du bane. 

En conclusion. le bane des Blauquieres est constitue oar trois 
entites oui tr""aduisent la zone cha.rniere entre le olateau continental 
la.r""ge, progradant. subsident du golfe du Lion: et le olateau 
continental etroit lonoeant les cOtes des Maures et de l'Esterel a 
L'arete cristallophyll£enne (Esouine - SiciEd forme un haut-fond 
de puis le Quaternaire et des corps sedimentaires bien def in is y sont 
venus s' adosser. Au Sud, le olateau continental est une structure 
fa~;onnee depuis le Messinien par les transgressions et regressions 
successives. Il s'agit de la poursuite vers l'Ouest des types 
seouentiels observes plus a 1 ·Est sur la marge continentale de type 
intermediaire du littoral varois. Enfin, au Nord de l'arete~ le bane 
est caracterise oar un bassin subsident comble recemment 
paleof leuve qui transi tai t vers le canyon de Cassidaigne ~ 
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Le Controle Eustatique (successivement endonHque puis universe!) de 
Ia creation et du tonctionnement des Bassins Pliocenes du Midi 

Mediterraneen Franc;ais 

Georges CLAUZOW et Jean-Loup RUBINo-· 

•URA 903 du CNRS, Universite d'Aix-Marseille II, 13621 Aix-en-Provence (France) 
··roTAL-C.F.P .. 218, avenue du Haut-Leveque, 33605 Pessac (France) 

Les bassins pliocenes du Midi mediterranean tram;;ais possedent une double origina
lite : leur elaboration a precede leur submersion et leur remblaiement sedimentaire est structu
re en Gilbert deltas (Gilbert, 1885). Ces deux caracteristiques precedent d'un controls eustati
que. 

1/ Les bassins pliocenes du Midi medlterraneen fran~als sont des rias 

La configuration lineaire de chacun de ces bassin moule fidelement Ia morphologie 
d'une vallee fluviatile ; il s'agit, d'Est en Ouest, de celles du Var, de Ia Durance, du Rhone, de 
I'Orb et de !'Herault, de Ia Tilt et du Tech. Le plus etendu d'entre eux, celui du Rhone, penetre le 
continent sur 300 km pour une largeur qui, dans certains secteurs, n'excede pas 5 km. 

Cette configuration lineaire va de paire avec un approfondissement systematique 
vers l'aval'conformement au profil longitudinal de ces ffeuves fa90nne par I' erosion regressive : 
~ !'aplomb des c6tes actuelles, Ia bathymetrie attaint des valeurs restituees egales (cas du Var) ou 
superieures (cas du RhOne) au millier de metres. En pied de marge, enfin, ces bassins debou
chent sur de vastes c6nes alluviaux et des fans deltas qui progradent sur les evaporites des plaines 
abyssales. 

Du point de vue physiographique done, l'origine fluviatile de ces bassins releve de 
!'evidence morphologique landis que, du point de vue chronologique, leur synchronisms avec Ia 
crise de salinite (Ciauzon et al., 1989) conduit ~ les imputer ~ l'eustatisme endoreique messi
nian. A rextrAme base du Pliocene, leur submersion - consecutive ~ Ia remise en eau brutale du 
bassin mediterranean -·1es a alors transformes en rias. 

21 Structuration en Gilbert deltas du remblalement de ces rias 

Le comblement de ces rias est structure en Gilbert deltas. On y retrouve en effet 
!'organisation carateristique des Gilbert deltas : bottom set silteux (marnes bleues rhodanien
nes), fore set graveleux (poudingues du Var), top set en cones alluviaux (serie continentale du 
Rousslllon). Compte tenu des conditions d'affleurements et des vicissitudes tectoniques regiona
les, cette structuration s'observe plus ou moins bien selon les rias. A titre d'exemples, Ia ria du 
Var • fortement exhaussee dans sa partie P!Oximale - offre d'excellents affleurements de facies 
sous-aquatiques profonds landis qu·~ !'inverse, le Roussillon - qui enregistre une subsidence dis
tale prononcee · a pu, grace ~ eel~. preserver ses niveaux sommitaux continentaux qui on! livre 
le celebre gisement de mammiferes du Serrat d'en Vacquer. 

Dans cas-deux rias ainsi que dans celle du Rhone, Ia transition marin/continental 
separant les niveaux sous-aquatiques clinoformes des niveaux emerges sub-horizontaux consti
tue un niveau repere (frequemment ligniteux) cartographiable. Restitution etant faite des defor
mations qui peuvent l'affecter, ce niveau presente une disposition planaire. 

3/ Le contrOie eustatique de Ia genese et du comblement des rias plio-
ames 

Pour l'essentiel, ce controls incombe au cycle eustatique TB 3.4 prolonge par !'epi
cycle TB 3,5 (Haq et al., 1987). En effet, le cycle precedent TB 3.3 s'acheve (vers 5, 
6/5,7 Ma) par une baisse eustatique ~·50 NGF (vers 5,5 Ma). Le synchronisms de cette chute 
avec le declenchement de Ia crise de salinite revele une relation de cause ~ consequence entre les 
deux evenements 

En effet, dans ce bassin, separe de !'ocean universe! par un double seuil (nord
betique et sud-rifain), cette chute eustatique provoque le decouplage du niveau de base mediter
ranean par rapport ~ celui de !'Atlantique. lsolee, Ia Mediterranee deviant desormais le siege d'un 
eustatisme endoreique contr61e par les seules donnees climatiques regionales auxquelles s'ajou
taient d'episodiques apports atlantiques. Dans un tel contexte, le niveau de base du bassin occiden
tal se stabilise durablement (0,5 Ma) ~ des profondeurs estimees entre 1500 et 2000 m en 
contra-bas de !'Atlantique (Ryan, 1976; Clauzon, 1982). 

Cet effondrement eustatique d'ampleur inusitee est ~ l'origine du demantelement ge
neralise des margas mediterraneennes (elaboration de Ia "surface d'erosion messinienne" des 
profils sismiques). Au droit des organismes hydrographiques majeurs, ce demantelement se pro
lange dans Ia masse continentale par de profonds canyons (RhOne etc ... ). 

A Ia faveur de Ia phase positive du cycle TB 3.4/3.5, le remblaiement pliocene sue
cede au creusement messinian. La precision chronologique requise pour ce nouvel episode est 
foumie: en domaine marin, par les donnees paleontologiques du sondage Cane! revise (Ciauzon et 
Cravatte, 1985) et, en domaine continental, par les nombreuses microfaunes de rongeurs recol
tees dans las premiers niveaux exondes de ce remblaiement. On sail grAce~ elles que Ia submer
sion des rias s'opere vers · 5 Ma (Ciauzon et al., 1987) ce qui place Ia remise en eau du bassin 
mediterranean en synchronisms avec le maximum flooding du cycle TB 3.4 . II appara1t ainsi que 
Ia fin du decouplage Atlantique/Mediterranee - tout comme, anterieurement, son initiation - fu
rent de nature essentiellement eustatique et non purement tectonique comme on l'admettait gene
ralement jusqu'ici. 

Entre ce maximum flooding et l'effondrement eustatique qui marque Ia fin de !'epicy
cle TB 3.5, se place un "stillstand sea level" (Vail and Hardenbol, 1977) de longue duree 
(1,2 Ma) et de haul niveau (+ 80 NGF). De Ia sorte, ~ Ia regression endoreique messinienne 
d'ampleur kilometrique succede immediate men! le plus haul niveau eustatique des 1 0 derniers 
Ma. Une telle conjonction eut pour effet de creer un potential d'accomodation exceptionnel sur une 
marge compartimentee en rias. C'est ce potential qui est~ l'origine du developpement systemati
que des Gilbert deltas au sein des rias pliocenes. 
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G-Ills 
Observations sur Ia validite des Signaux Paleoclimatiques bases 

sur les Foraminiferes pelagiques, en Mers Tyrrhenienne et 
Adriatique, pour une Sequence de 130 000 ans, de Ia fin du Riss a 

I'Actuel 

Jean-Joseph BLANC•, Laure BLANC-VERNET· et Franca SGARRELLN· 

•centre d'Oceanologie de Marseille, O.S.U., Luminy, Marseille (France) 
.. Dipartimento di Paleontologia, Largo S. Marcellino, 80100 Napoli (ltalia) 

Une analyse sequentielle a ete realisee sur quatre carottages effectues 
en Mer Tyrrhenienne et en Mer Adriatique (missions ETNA 1980-1982, CNRS
CEA) correspondant aux derniers 130 000 ans (mesures isotopiques et 
datations: PATERNE, GUICHARD, LABEYRIE, GILOT, DUPLESSY, 1986; PATERNE, 
GUICHARD, LABEYRIE, 1988; micropaleontologie : BLANC-VERNET, SGARELLA, 
1989). 

On observe une serie climatique precisee avec les assemblages de 
Foraminiferes pelagiques chauds et froids, se traduisant par une succession 
d'oscillations formant des cycles apparents, - de Ia fin du Riss a l'actuel 
(analyses isotopiques S 180 et 14C). La validite de ces "rythmes" constitue un 
problema lie a !'interpretation de Ia sequence climato-sedimentaire. 

Signaux utilises 
Les donnees analysees. pour les series chronologiques, son!· etablies a 

partir des pourcentages codifies des Foraminiferes pelagiques. Une analyse 
factorielle des correspondances (tri croise) fait ressortir deux axes 
significatifs correspondant respectivement a un facteur thermique ·at aux 
proprietes des masses d'eaux (salinite). 

Trois types de signaux sont utilises : 

1 : coordonnees factoriefles sur le premier axe (temperatures), 
2 : coordonnees factorielles. sur le deuxieme axe (salinites, .. .), 
3 : indice C - F ou difference entre les pourcentages des Foraminiteres 

chauds et froids. 

La sequence des signaux, pour les carottes examinees, prelevees au large 
(40°35' N, 11°42'E, - 2430 m; 41°44'N, 17°35'E, - 1077 m; 38°49'N, 14°29'E, -
1900 m; 40°32'N, 13°21'E, - 1920 m), montre un "bruit de fond" a partir duquel 
se detachent des oscillations "courtes" de l'ordre de quelques millenaires. Le 
tout est superpose a un effet de tendance "long" exprimant les changement 
climatiques : conditions "chaudes" au Tyrrhenian, periode froide et 
interstadiaires wOrmiens, rechauffement holocene avec optima a !'Atlantique 
et au Sub-Atlantique. 

Le message est altere par Ia variabilite des taux moyens de 
sedimentation, differents au WOrm (7,6 a 14,7 cm/1000 A) et a !'Holocene 
(7,3 a 11,4 cm/1000 A), ainsi que par !'insertion de tephras et de turbidites. 

Interpretation des signaux 
*La tendance climatique generale des cycles "longs" est confirmee, avec 

des alternances de stades froids et chauds/temperes-chauds, que! que soil le 
procede de filtrage employe. 

*Les signaux bases sur les coordonnees factorielles des axes 1 et 2, 
ainsi que l'indice C - F, sont le plus souvent superposables avec une meilleure 
resolution pour ce dernier. 

*Les periodogranimes pour les donnees centrees sur le signal C - F 
soulignent des rythmes a basses et moyennes frequences. Le traitement des 
periodogrammes integres montre des cycles le plus souvent aleatoires a 
I' exception de quelques basses frequences pour Ia fenetre 0,1 - 0,22 Hz. Un 
resultat voisin est obtenu pour le "facteur" thermique. 

*L'analyse spectrale operee sur les residus entre les series 
chronologiques brutes et les series lissees, pour le signal C - F, permet 
d'ecraser l'effet de tendance et confirme !'existence de cycles aleatoires 
courts de nature "evenementielle". 

*Les correlations croisees entre les sequences adriatique et 
tyrrhenienne portant sur le signal C - F, suggerent un effet de tendance 
residual, plus froid dans I'Adriatique, alors que le rechauffement apparait 
mieux marque en mer Tyrrhenienne. Le traitement simultane des quatre 
sequences (matrice des correlations croisees) traduit des dissemblances 
liees a Ia discrimination des eaux adriatiques, notamment a Ia fin de 
!'Holocene. 

Conclusion 
Les frequences observees sur les series chronologiques, du Riss a 

I'Actuel, impliquent Ia superposition de plusieurs types d'oscillations se 
detachant du "bruit de fond" : 

1 : rythmes irreguliers, a courte periode (quelques millenaires), lies a 
des evenements aleatoires. 

2 : oscillations a moyennes frequences (aleatoires) ou basses frequences 
(deterministes), au niveau des interstades climatiques, pour des variances 
elevees. 

3 : tendance cyclique tres longue assujettie aux fluctuations climati
ques classiques des temps quaternaires. 
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A Simple Mathematical Model tor Sediment Transport 

Franz EBERSOLDT and Michael EHMKE 

Fachbereich Mathematik (FB 11), Universitat Duisburg, Lotharstr. 61, 4100 Duisburg (F.R:G.) 

Sediment transport in water is mostly studied by using purely empirical 
methods. But in order to predict sedimentary deposit or erosional effects, 
one would like to have some theoretical tools for the description of sediment 
motion. 

We consider a two-dimensional (x,z) stationary model, where the main sed
iment flow is horizontally (x-axis) and where the ground has a distance 
z = h( x) from the surface. 
Using diffusion theory one derives - with some physically justified simplifi
cations - from the continuity equation (sedimentary mass conservation) the 
following parabolic partial differential equation for the mean sediment con
centration in suspension c(x,z) 

u~ + (w- w,)f!.::.- ~(<,~) = 0 ax Bz Bz Bz 
(1) 

with some appropriate initial and boundary conditions. 
u and w are the x- resp. z-components of the velocity field of the current. 
The coefficient <, takes into account the sedimentary exchange due to tur
bulent flux. Using a lot of experimental data KERSSENS [2] gave a suitable 
formula for E,(z). 
The constant w, characterizes the mean sedimentation speed, which is a 
function of the diameter, form and mass of the sediment particles and of the 
Reynolds number. 

The mean velocity field ( u, w) could of course be determined by solution of 
the associated time-independent Navier-Stokes equations for a viscous incom
pressible fluid. Since they are valid only for a laminary current, one could 
superpose a turbulent motion in adding a term taking into consideration the 
Reynolds tensions and the laminary layer phenomena. 
Instead of choosing this complicated approach necessitating the resolution 
of a nonlinear system of partial differential equations, we follow an idea of 
PRANDTL [3] for the description of the shear-stresses. Introdu~ing a rough
ness function for the description of the ground structure, as it has been done 
by J. NIKURADSE (see [4]), one can find by elementary integrations that 

and 

[( ln(z/ zo) 
u = ln(h/z0) -1 

J<ln(h/z0)~ 
hln(h/zo) -l)(zln(z/zo)- z+ zo), 

(2) 

(3) 

where the constants f( and z0 depend on h(x) and the roughness of the 
ground. 

If one uses (2) and (3), the diffusion equation (1) can be solved numeri
cally by standard discretisation techniques. 

Knowing the local sedimentary density c(x,z) and the current field (u,w), 
one easily calculates the total transport of the suspended particles. 

Bevond that the motion of drift materials can be treated by the Engelund
Ha-;,sen method [1], which is also applied for finding the necessary boundary 
conditions at the ground level. 
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Interstitial Water of Tyrrhenian Sea, Western Mediterranean 

S.-M. NASR" and Y.-N. GURSKY 

"Department of Environmental Studies, Institute of Graduate Studies and Resaerch, Alexandria University 
(Egypt) 

Department of Geochemistry, Faculty of Geology, Moscow Univresity (U.S.S.R.) 

This study aimed to demonstrate the characteristics and type of 
interstitial water,as well as the paleoenvironment and digenetic 
processes governing the western Mediterranean region during the 
Holocene time. Seven core samples have been collected from 
Tyrrhenian Sea (Fig.l) using a stainless steel gravity core 
sampler of 4 meter length and 65mm diameter. Titanium hydraulic 
squeezers with pressure up to 200Kg/Cm2 have been used to extract 
the interstitial water from the sediments(Kriukov and 
Manheim:1982) .The interstitial water was analysed for salinity, 
alkalln1ty, S04,Ca,Mg,Na and K. Measurements of Redox potential 
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(f ig.1) Location Map for core samples in Tyrrhenian Sea (V- Vavilov 
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J:or some samples revealed that the sediments under investigation 
have been exposed to diagenesis due to aerobic conditions. Such 
diagenesis generally· leads to very limited changes- or almost 
none at all-in the interstitial water, where it retains the 
original composition as sea water. According to Valyashko(1955), 
the interstitial water of Tyrrhenian Sea could be classified as 
oceanic type (MgS04). Similar conclusion has been reached by the 
authors in 1988 concerning Nile Cone sediments, Southern 
Mediterranean. Normal values of salinity were found in the 
investigated basin, except in the southern part where higher 
values were recorded (i.e. up to 44.33 %.). In addition, higher 
values of S04, Na and K were observed in this part of Tyrrhenian. 
Stromboli volcano, which is active uptill now may play a dominant 
role in this respect. Infiltration of brines from the underlying 
Messinian evaporites have to be in considration too. Alkalinity 
showed a slight decrease with depth in sediment successions in 
the northern part of the basin (cores No. 71,72, 73 and 74), on 
the other hand, increased in the southern part. Generally, the 
low values of alkalinity observed in the interstitial water of 
the Tyrrhenian Sea could be attributed to the following reasons: 
1-The precipitation of HC03 and co::r from the interstita1 water as 
CaCC3 minerals,i.e. aragonite and calcite. 2- Absence of sulphate 
reduction which prevents the accumulation of HC03 in interstitial 
water (S04+2C+2H20 ----> 2HC03+H2Sl. This phenomenon is due to 
the low content of organic matter·which is the case in the 
investigated sediments. 3- Leaching of gypsum ( CaS04) from 
biogenic carbonate sediments. This gypsum decreases the 
sol ubi 1 i ty of CaC03 and consequent 1 y, ceases the accumulation of 
HC03 in the interstitial water (Shishkina.1972). 
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G-IV1 
Geophysical Studies and Tectonics of the Eastern Mediterranean Sea 

J. WANG , J. MAKRIS and C. HENKE 

lnstitut fOr Geophysik, Universitat Hamburg (F.R.G.) 

By reevaluating all available geophysical information for the Eastern 
Mediterranean Sea new Bouguer gravity and total magnetic maps were com
piled. Previously the gravity and magnetic fields of the region had never been 
resolved with sufficient accuracy to permit reliable quantitative evaluation. 

The thickness of the Eastern Mediterranean Rise ranges from 28 to 34 
Km. Its sedimentary cover is about 10 Km thick. The borders of the Eastern 
Mediterranean Sea are built up of thick continental crust. Tectonically the 
northern borders of the Eastern Mediterranean Sea are built up of active 
continertal margins defined by the Calabrian, Hellenic and Cyprus- Antalya 
Arcs, whereas the southern border represents a passive continental margin 
formed by stretching and subsequent subsidence. 

Using the newly compiled maps, new crustal models were calculated; the 
results and implications are presented and discussed. 
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G-IV2 
A Seismic Study of the Levantine Margin and Basin 

A. GINZBURG', Z. BEN-AVRAHAM' and J. MAKRIS'' 

'Department of Geophysics and Planetary Sciences, tel Aviv University {Israel) 
'lnstitut tor Geophysik, Universitat Hamburg (F.R.G.) 

Previous geophysical studies indicate the presence of a 
fossil oceanic crust overlain by a thick sequence of 
sediments in part of the Levantine basin. Further, an 
examination of geophysical data shows that there are 
differences in the nature and structure of the crust norht 
and south of the Carmel block in northern Israel . 

ISRAEL CYPRUS PROFILE 

OBS PROFILE 
LAND STATION DEPLOYMENT 

In order to confirm these indications a combined 
onshore-offshore seismic study was undertaken by the 
Department of Geophysics, Tel Aviv University and the 
Institute of Geophysics, Hamburg University which was funded 
by the German-Israeli Foundation for Scientific Reseach and 
Development. 

The study comprised two profiles, one across Lower 
Galilee, extending to Mt. Eratosthenes offshore and the 
other extending from west of Jerusalem extending west to 
some 180 km offshore. Data acquisition was based on OBSs 
offshore and mobile land stations onshore. Energy sources 
were airgun shots offshore, augmented by two large explosive 
shots per profile and by quarry blasts onshore. 

The data which were recorded on analog tapes were 
digitized and plotted on to record sections. while the 
evaluation of the data is still underway, preliminary 
evaluation confirms the presence of ·a continental crust 
under Mt. Eratosthenes. It also confirms the position of 
the continental to oceanic crust and brings new information 
regarding the thickness, structure and nature of the 
sedimentary cover. 
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G-IV3 
The New Results of Correlated Onshore and Offshore Geological and 

Geophysical Studies in the Cyprus Area 

A.-L. KNIPPER•, A.-Ya. SHARASKIW and K. XENOPHONDOS'• 

•Geological Institute of the USSR Academy of Sciences (U.S.S.R.) 
.. Geological Survey of Cyprus 

l wo expeditions carried out with RV "Akademik B. Petrov" (1989) and RV 
"Akademik N. Strakhbv" (1990) in the Cyprus area yielded new data on the 
onshore geology and marine geophysics of the region. 

Many of the gravity and seismic refraction data obtained are still under
going processing, but some preliminary results merit a brief outline and 
discussion. They support previous conclusions that Cyprus is underlain by 
continental type crust, and that south of the island the crust is of oceanic 
nature (Makris et al., 1983). The base of the Mamonia rock complex seems to be 
a rootless nap of the Trodos ophiolites of about 4.5 km thickness, as indicated 
by the interpretation of the seismic refraction data. The upper and lower 
boundaries of the Trodos allochtoneons were traced and correlated for the 
continuous onshore-offshore seismic profiles. They are truncated by graben
like structures and disappear north of the Eratosthenes Seamount. The results 
of the onshore geological studies include a new biostratigraphic subdivision of 
the Diarisos group. It was established that the uppermost lava are lower 
Cretaceous and thus younger than previously suggested. Evidence for MORIS 
affinities of the basalts from the lower part of this sequence was found. 
Furthermore it was discovered that the serpentinite melanges related to the 
Diarisos group do not include any exotic blocks of Trodos affinity. These last 
two observations indicate that the upper Triassic basalts were generated 
under true oceanic conditions (as oceanic crust). 

Sediments associated with these lavas are of pelagic type and do not 
include any terrigenous components. We intend to outline briefly the scope of 
our institute's "Tethys" project. 
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G-IV4 
New Geological and Geophysical Data from the Cyprus 

Island Arc and Eratosthenes Seamount and their 
Interpretation 

V.·A. KRASHENINNIKOV and G.·B. UDINTSEV 

Geological Institute, USSR Academy of Sciences (U.S.S.R.) 

During the 5th cruise of RV Akademik Nikolaj Strakhov ( 1987) 
in the Cyprus Arc and Eratosthenes Seamount region we collected 
6.000 n.m. of multibeam echosounding and continuous seismic 
profiles. In addition, several localities were dredged and sampled. 
The results show that the submarine ridge does not connect the 
Cyprus Arc with the Bassil Massif of Syria. This is particularly 
evident for the structures at basement level which are clearly 
discontinuous. A series of normal faults at the southern flank of this 
ridge controls the sharp diapiric crest and numerous diapiric 
structures, all associated with the Messinian evaporites. The 
diapiric ridge between the Heccata ridge off Cyprus and the Bassil 
Massif of Syria is a structural continuation between the two which 
is confined only in the deformation of the sediments. 

)_ ; / 
'~)' v-

~ 
:::XEMA MAPWPYTA 

The detailed survey and dredging of the Eratosthenes Seamount 
provided reliable proof of its continental origin since samples are 
typical for platform limestones and also metamorphic rocks of 
acidic affiliation. The top of the seamount submerged to depths of 
about 800 to 900 m. This subsidence is in good agreement with that 
observed for downfaulted seamount flanks that limit the 
Eratosthenes Seamount towards the adjacent floor of the Eastern 
Mediterranean. 
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Sedimentary History of the Northeastern Mediterranean Continental 
Shelf 

A.·E. AKsU• .. A. ULUG .. and K. -E. IZDAR .. 

*Department of Earth Sciences, St. John's, Newfoundland {Canada) 
··Institute of Marine Sciences and Technology, lzmir (Turkey) 

Approximately 1500 line-kilometers of continuous seismic ref

lection profiles were obtained with O.R.E. 3.5 KHz transducer system 

and 40 cu-in PAR airgun system in the Cilicia and Iskenderun Basins. 

The data were collected from the research vessel "K. Piri Reis" of the 

Institute of Marine Sciences and Technology { 1zmir, Turkey) on cruise 
NE-AK 88. Fig. 1 and 2 show the present day neotectonic framework of 

the Northeastern Mediterranean and "Study Areal!, seismic profiles and 
selected o:ffshore exploration wells, respectively. 

KHz 

Detailed interpretation of the single channel airgun and 3.5 

data :from the Northeastern Mediterranean Sea revealed that there 

7 correlatable depositional sequences within the upper ca 750 m 
(Fig. 3a} and show that the continental shelf is formed by 
superimposed deltaic successions (depositional sequences), separated 
by major erosional unconformities. Each depositional sequence is 
composed of a sigmoid prograding package overlain by an oblique 

prograding package and represents delta progradation phases during 

an interglacial and subsequent isotopic stages, respectively 
(Fig. 3b). During the glacio-eustatic low stands of sea-level deltas 

prograded seaward. The present-day shelf break denotes the topset to 

foreset transition at maximum progradation during the last glacial 

period. During the post-glacial transgressions deltas initially lost 

their dynamic equilibrium with the environment and rapidly retrograded 

landward, leading to the deposition of a thin veneer of sediments 

originating from reworking of formerly coastal sediments. With the 

maximum transgression the deltas were re-established in the ancestral 

Adana Bay and foreset progradation started. 

A 
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F;gure:3 

The data suggest Iskenderun Basins 
subsiding at rates of 

respectively. Seismic reflection profiling have shown that the delta 

architecture in the Adana, Cilicia and :i:skenderun Basins in mainly 

controlled by the glacio-eustatic sea-level fluctuations and 

contjnuous basin subsidence. The evolution of the Pliocene-Pleistocene 
depocentres in the study area is largely controlled by the major 

tectonic clements of the :0llison of the African and Eurasian plates. 
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G-IV6 

Distribution of Macrobenthic Plants and Recent sediments on the 
Sea-Floor of the Anamur Bay (Turkey), NE-Mediterranean, mapped 

with Side-Scan Sonar 

Vedat EDIGER and Mustafa ERGIN 

METU-Institute of Marine Science, Erdemli-lcel (Turkey) 

A sitie-sc.an sonar system was used lo oblain continuous 

acoustic pictures in the sea-floor alcng 14- 11n~s iu UP? 

Anamur Bay, ill 1984--191.16 (Figur"' 1). A(!dltic-na11)•, a tc•lal uf 

94 surface sediment sample:=. 1nr:lud1Ttg benthic: ergard~·m~ 

collected ill lbe s.\udy <Hea . 

Figure 1, Side-Sca;n ~:on.'Jr· survey lines. 

Sediments overlying the sea-floor consisted of mixtures 

varying in gr·avel-, s'lnd-, and mud-sized compoHenls. These 

sediments were partly infilling the An!lmur submariue canyon, 

which is believed to have C'rl~hore··c•ffshcre extend. Three major 

zones can be distinqulsh~d on the basis of the gr·ain-sl ze 

distr·ibution of the sur·ficial sediments. These ar·e the coast"'l 

zone, which is cov~red mainly w"llh gravel; a larg~ p~:trt of the 

shelf covered with sand, end the slope·:; end valleys/chtHHlels 

of the canyon covered with mud <Figure.Zl. 

.GRAVEL 

[iillsAND 

ISJMUD(SllT+CLAY) 

Figure 2. Mep showing dlstr·ibution of sur face 

sediments and other fe.a tur e~: e-n 

the se1'3-fleor based un sonographs. 

Of course, the most pr·omlnent features on the sonographs 

wer·e the presence of mar·in~ plant~. <Figur·e 3). 

1 .. •~--~ 
I 

"'·-&::~.-::: ,. 

Figure J. Sido?-scan ~:onar image show~ng the 

dlstributlc•n patterns of Ute ~:e8-gra:ses, 

some small terraces, 8nd sand areas. 

These \Vere the Hydr9ch.13r i lace8e and Po tomoge toriJ3C. eae. These 

include the species, Zostera nana, Zosle--r-a marina, Cymodocea 

nodosa, Udotea petiolata, J'lnd Posidonia ocefln1c~, which l>Iere 

re:5tr icted between 10 and 40 m countour· lirtes. 
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G-IV7 
Cretaceous Unconformities in the Southeastern Mediterranean Basin 

Yossi MART 

National Institute of Oceanography, IOLR, Tel Shikmona, Haifa 31080 (Israel) 

The Cretaceous period in the SE Mediterranean region was characterized by 
intensive sedimentation along the continental margin and the adjacent 
continental rise, and by significant tectonic phases during the Neocomian and the 
Senonian. There is ground to presume that the tectonic phase, that affected the 
continental slope and rise area in the Senonian, did not lead to subaerial exposure 
of the sedimentary sequence. Therefore stratigraphic unconformities in the late 
Cretaceous marine depositional sequence are attributed to changes in seafloor 
geomorphology and the sedimentary regime, with submarine erosion in places. 
The Cretaceous seismostratigraphic unconformities thus delineate the 
contemporaneous structural features with marginal masking of subsequent 
subaerial erosion. 

The continental margin of the SE Mediterranean is located on top of the 
ancient margin of the southwestern Neo-Tethys. This superposition apparently 
suggested a tectonic effect of pre-existing Jurassic and early Cretaceous 
structures on the preceding late Cretaceous and Neogene phases. However, recent 
findings suggest that although superimposed, structures of the late Cretaceous 
tectonic phase that affected the SW margin of the Neo-Tethys show only marginal 
similarity to early Cretaceous structures in that region. The correlation between 
the structures of the two phases seems erratic, conformable in some places, 
contrasting in others, and a few structures show no correlation between the early 
and the late phases. It is suggested that the conspicuous tectonophysical 
constraints in the southeastern Mediterranean margin region that caused the 
general geographic recurrence of the folded belts in the region, as well as the 
stability of the land-sea transition wne during more than 200 Ma, are associated 
with variations in crustal composition. Therefore the significance of the 
superpositional structural constraints are secondary to the deformational stress 
tensor in setting the outlines of regional tectonic development. 

Rapp. Comm. int. Mer Medit., 32, I ( 1990). 

99 

G-IVs 
Late Pleistocene Paleoclimates and Anoxic Events in the Eastern 

Mediterranean : The Deep-Sea Record 

Yvonne HERMAN 

Department of Geology, Washington State University,- Pullman, WA 99164 (U.S.A.) 

Faunal composition ana oxygen isotopic analyses of forammiferal and pteropoClal shells were 
utilized to reconstruct the paleoclimatic and paleohydrologic history of the Eastern Mediterranean. 
The reconstruction was done by mapping the recent fauna in core "tops" deposited during the 
Holocene and their calibration against observed present-day temperatures and salinities in the water 
column. The broad data base, using published faunal distributions from the world ocean, covers a 
wider range of temperatures and salinities and a combination of these factors, than those which are 
thought to have existed during glacial periods in the Mediterranean. In the longest core with a nearly 
continuous record, spanning - 500 K years is contained in the ~ 1 000 em long Lamont-Doherty 
Geological Observatory (LOGO) core RC9-181. Within this time interval represented by RC9-181 six 
major cold-warm cycles, correlatable to Emiliani's isotopic stages 1-12 occur. Calcareous 
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nannoplankton biostratigraphic and biochronologic framework was utilized lor determining the times 
various events occurred and lor estimating rates of sedimentation. Two important datum levels were 
recorded: the extinction of Pseudoemiliania Jacunosa between 899 and 938 ems (0.44-0.46 Ma ago), 
and the first appearance of Emiliania huxleyi 0.26-0.27 Ma ago, between 455 and 479 Cf!l depth in 
core. During glacial temperature minima, surface water temperatures were ~ 3°C lower 1n summer 
and 3-4°C lower in winter. Stadia! and interstadial salinities were variable, reaching highest values 
during the last glacial temperature minimum when climates were more ~rid than today, sea level 
stood very low, the Nile discharge was greatly reduced and the connectton between the 
Mediterranean and the Black Sea, which is a major supplier of low salinity water was severed. 
Following global warming and subsequent massive deglaciation, sea level rose. When the sea stand 
reached the Bosporus sill (~36m) the connection between the ~editerranec:n and the Blac~ Se_a was 
reestablished and the low salinity Black Sea water spilled over mto the Mediterranean. A s1gntl1cant 
increase in precipitation and river runoff is also recorded during transitional climatic periods. These 
compounded effects produced a low density surface water layer which restricted ther':l?haline 
convection. The result was stagnation of the subsurface water and subsequent depos1bon of 
sapropels, some of which were laid down during intervals of pronounced density stratification. 
Surface water salinities dropped to low values during the deposition of sapropels as evidenced by 
oxygen isotope data. Twelve sapropels, characterized by distinct faunal associations, documenting 
different degrees of stagnation, occur in sediments representing the last 0.5 Ma. 

TABLE 1 Location, deptn and length of cores 

Core Latitude (N) Longitude (E) Depth of water (m) Length ol.core (em) 

V10-65 34°37.00' 23°25.00' 2586 960 

V10-67 35°42.00' 20°43.00' 2890 830 

RC9-181 33°25.00' 25°01.00' 2286 930 

RC9-185 34°27.10' 20°07.00' 2858 902 
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A Geophysical Study of the Aegean Sea 

R. EGLOFF' , J. MAKRIS' and P. PAVLAKIS .. 

·rnstitut tor Geophysik. Universitat Hamburg (F.R.G.) 
'National Centre for Marine Research, Athens (Greece) 

The Aegean Sea was resurveyed with gravity, magnetic and seismic 
methods. The gravity and magnetic profiles, spaced at between 1.5 to 6 n.m., 
covered the entire area and yielded extremely precise data. These confirm to a 
large extent the existing models and provide new information which can be 
used to refine the geological concepts for the development of the Aegean Sea. 

In the past the evolution of this area has been explained using the 
back-arc spreading model. Our interpretation however suggests that the 
deformation is a consequence of the large-scale shearing associated with the 
East Anatolian Fault System, and of the way that continental crust and litho
sphere react under shearing forces. The Aegean microplate responds to. the 
kinematic pattern in the east with extension and partial strike-slip, and in the 
west with compression and the building-up of a thrust belt and nap systems. 
The factor controlling the tectonic development of this area is the shear 
movement and not the subduction. Seen under this aspect, the Aegean ·sea can 
be understood as a "pull-apart" basin. 

The crustal profiling across the Aegean Sea revealed a stretched thinned 
continental crust, resting on a "'soft"' upper mantle characterized by low Pn 
velocity, high heat-flow and low density distribution. Mapping of the sedimen
tary record of recent and subrecent subsidence events and the major tectonic 
lin~aments confirmed the continuing stretching and subsidence of the Cretan 
Trough. The newly compiled gravity and magnetic anomaly maps of the Aegean 
Sea show a strong correlation with the tectonic elements of delineation and 
weakness. 
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Neotectonic and Recent Deformation of Crete 

M. DERMITZAKIS , V. KARAKITSIOS and E. LAGIOS 

Subfaculty of Earth Sciences, University of Athens, Panepistimiopolis, 15784 Athens (Greece) 

ln Cr·ete, the Quaternary shorelines 
de·for·mt.~t ion i nlji catcH'"SH fhe s-.:1·-;.-r.l nl'·ar>r1lr;u 

and their todays elevat1on.,show 
df?+[)rm~:..-\·tion as-~sociatec.i w1th the 
C:n,ote. 

good vertical 
the shorelines 
under strong 
that affected 

F<adi Olnf-:?tl···i c of t:t1e shorelines~made ·from var1ous 
r-est~arcller .. s~ show 
Tyr·rhr:.~ni an up to the 1 ast: 
c:rn/100 years. 

speed of sam<? uplifts from 
years ranges between 5 to 6 

The speed of differ·ential deformation for the entire 
Neotectonic 13 is estimated to be 
sim1lar· ~nth t~'leistocenic shorelines. 

analysis o·f the NE~otectonJ.c per"iod fa.L1lts shows that 
they are~ associatF2!j e:·:tentional status~ in a 
per·pedlcular direct1on of Crete (and 1n 
gener·aJ. to the ar"C) ~In tJH? i nt.erna1 of this status • small 
f...?vents of have been observed. that are 
difft:~r-ent w:tdth anc! dir-Eiction .. 

e:d:t-?nti on th(1t has b!:--:en e:.:presse-~d w1 th nor· mal ·faults. has 

sea on an e~:tr·emE:"l v· 
associ a ted with ttH:? 
Aegean plate. 

Shor·e.l. 1 nes o·f the J a st. 
movements 1n West Crete w1th 

(3r-~·avi met1··-1 c mE~i:tsur··t-?ments o·f the 
that thE-;.1 UPW<':-\!..-'d i:\f1(j rJC.I"'Jf1VJ!::tl'"d 

Y"(?..lSpec:tl VF!.I. Y~ J. .l 
pnt~ll\JiflE:_IflCHl 
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G-V3 
Geologic Controls of the Santorini Caldera and the Columbus Volcano 

C. PERISSORATIS and I. ANGELOPOULOS 

Institute of Geology and Mineral Exploration, IGME, Athens {Greece) 

The mar·ine sectors of the Santorini volcanic island complex and the 
surroundings was extensively studied during the years 1987 and 1989 by 
the Mar-ine Geology department of IGME.Preliminar-y r-esults of the 1987 
research were presented during the 3rd Santorini Congress (Perissoratis 
an.d Anqelopoulos, 1989). 

Within the Santorini Caldera four basins can be distinguished 
{fig .1) one north of Kammenni (norther-n basin). and thr-ee south of it 
~~estern,southern and eastern basins) ~All basins have flat bottoms , 
w1th maximum depth ranging fr-om 280 to 390m ,and filled by fine 
grained loosed sediments having thickness from 90m at the northern 
basin to about 20 m at the western. The stratification in the basins 
(fig.2) is subhorizontal and in the seismic profiles two sectors • an 
upper opaque and a lower more transperrent, were discerned. The deeper 
structure of the basins and its relation with the land geology indicate 
that the northern one is younger than the other three. 

sw NE 

o ~--- ~ _c~~ ~-

Fig. 2 

')>. The subhorizontal struct.ure of the oasln floor sediments locally 
disrupted by pier-cing domes that ar-e from 5 to 12m high and from 200 to 
700 m wide, giving the impression of intrusi::-Jns that were effected 
after the formation of the basins.Five such domes were mapped . three 
of which are located at the northern ,one at the western and one at the 
southern basin .. Apparently these ··intrusions· postdate the sediments 
which were deposited dur-ing the Minoan eruption (fig. 2). 

Petrographic study carried out at the coarse fraction of the surface 
sediments revealed abundance of authigenic iron oxides at the 
northeaster-n sector- of the nor-ther-n basin, attributed pr-obably to local 
hydrother-mal action (Bostrom et al 1989). 

All these indicate that ther-e are other- locations of recent 
hydrothermal activity ,within the caldera ~except the well known 
at the Kammeni island. 

Another area which was extensively examined the Columbus 
Volcano. This is a cone-shaped feature lying at about 7 km northeast of 
Thir-a. It erupted last time in 1950 , and dur-ing that eruption its cone 
rose a few meters above sea level (Fyticas et_ a! 1989). Subsequent 
er-osion lower-ed the cone top below sea level. The research conducted now 
indicated that the cone feet lies at a depth from 300m to the southwest 
to 490 m at the nor-theast . The cone top is at 18 m belowm sea 
level. It is about 150 m wide and barren of loose sediments which are 
present only at the lower parts of the cone atta.lning thickness up to 
more than 20m.A few boulders were t'"etr·ieved from the cone top wich 
consist of andesitic tuff while the sur·face is covered by manganese. 
iron and ather oxides,with abundant organisms (sponges, shells ett.). 

The hydt"othermal activity which is present at the Columbus Volcano 
and the f\!E part of the northern basin is appa.rently correlated with 
the known "Kammeni 1 ine", a northeast -southwest trending fault 
in the Santorini compleY .. 
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G-V4 
Evolution Geologique Recente de Ia Partie Nord de l'lle d'Eubee 

Th. RONDOYANNI, A. METTOS, Ch. GEORGIOU, I. PAPADAKIS at P. PASCHOS 

Institute of Geology and Mineral Exploration, 70 Messoghion str., 115 27 Athens {Greece) 

l'ile d'Eubee en Grece centrale, s' etend entre le canal d'Atalanti,le golfe 
d'Eubee du sud et lamer Egee. La partie nord de 1 'ile presente une activite tecto
nique intense, responsable du volcanisme quaternaire (f). de 1 'existence des sources 
thermales (g) et de la forte seismicite, contrairement de la partie sud oii la tee -
tonique ne semble etre tres intense. 

Dans cette note nous presentons les premiers resultats de notre etude,concer
nant la partie nord de 1 'ile, qui est bordee par des failles importantes,reliees a 
]'evolution du canal d'Atalanti, du canal d'Orei et du golfe Maliaque,prolongement 
probab 1 e de 1 a fosse nord-egeen. 

La plus grande partie de la region etudiee est constituee par les series la -
custres et fluviolacustres du Neogene et du Quaternaire, oii on a pu distinguer: 

- L~ serie _du Miocene infQ.r~eur (b) d'une epaisseur 250m environ, signa lee pour 
la prem1ere fo1s dans cette reg1on. I1 s'agit des conglomerats,surtout ophiolitiques 
et des pel i tes gri s··verts a lternes avec des argi 1 es ,des gres et des congl orne rats po
lygeniques. Ces depots correspondent aux depots du,bien connu en Grece, bassin lig
nitifere de Kimi-Aliveri {dans 1 'Eubee Centrale) etudiee en detail par differents 
auteurs (Katsikatsos et al. 1981, Velitzelos et Gregor 1982,e.t.c.). 

L'epaisse serie fluviolacustre (1200m environ)du Miocene superieur-Pliocene 
superieur (c).Elle est representee par des conglomerats fins,des gres,des travertins 
et des argiles. brunes contenant une faune de vertebres d'age turolien,des marnes 
blanchatres et des argiles lacustres contenant des gasteropodes pl iocenes et des 
conglomerats et des marnes qui renferment une microflore indicative d'age Pliocere 
superieur. 

- La serie detritique du Quaternaire ancien {d)au coin NW de 1 'ile,composee des 
conglomerats et des marnes con tenant des mammiferes quaternaires comme El ephas meri
dionalis (P~arianos et Thenius 1953).A son sommet cette serie est couronee par des 
depots saumatres renfermant une malacofaune a affinites euxinocaspiques d'age Plei
stocene inferieur. 

En fin le ,Pleistoc?!,ne moyen-superieur et 1 'Holocene est represente par des de
pots surtout continentaux (e). 

Les formations geologiques precedentes ainsi que le substratum preneogene 
(gneiss,gres,phyllites,ophiolites et calcaires du palaeozoique-jurassique){a)sont af
fectees par des failles de direction NW-SE et ENE-WSW (h).Il s'agit des failles nor
males ou decrochantes,formees ·ou rejouees au cours du Neogeme-Quaternaire,qui sont 
responsables pour 1 'aspect morphotectonique actuel de 1 'ile ainsi que des regions 
voisines sous-marines comme les recherches geologiques et geophysiques marines ont 
montre {Mitropoulos et Michailidis, 1988).Le traitement des mesures microtectoniques 
par la methode numerique de Carey (1979) nous a aide deferminer la direction des con
traintes principales des phases successives· de la deformation. 

Nous avons distingue trois phases tectoniques : 

Une phase distensive Mio-pliocene a direction d'extension NE-SW (i).Les failles 
de cette periode qui montrent des composantes verticales dominante>s, ont provoqu~ la 
formation des bassins neogenes et la deformation des depots qui les ont rempl i. 

- Une phase probablement d'age pliocene terminal qui est manifestee par des fail-
lEls surtout decrochantes senestres,de direction N 100°-120°reconnues dans la partie 
sud de la region etudiee. 

Une phase extensive Quaternaire a direction d'allongement NNW-SSE,(j) reconnue 
en principe dans la partie la plus nord de 1 'ile, qui caracterise 1 'evolution actu -
elle de cette region.Cette activite tectonique c'est poursuit jusqu'il. nos jours est 
se traduit soit par une activite seismique importante, soit par des mouvements lents 
:JUi semblent avoir lieu le long des cotes de 1 'Eubee du ·.nord. 
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G-Vs 

Les Mouvements Tectoniques autour du Golfe Pagassitikos du Pliocene 
au Recent 

Anastasia KOUTSOUVELI et Dimitris GALANAKIS 

LG.M.E., 70 Messoghion Av., 115 27 AthSnes (Grace) 

Le golfe Pagassitikos est une region tres active du p:lint de vue des seisrres. 

Les sedinlents du Pliocene et Pleistocene de la regicn sant disperses en bas -
sins. Au Nord sent etendus les sedinlents du bord oriental du bassin de 'lhessalie, 
tandis qu' au Sud les sedirrents, plio-pleistocenes sant l:imites dans le bassin d' 
Al.n¥ros-Sourpi. 

Le substratum prenecgene se ccnstitue des rrarbles, schistes, calcaires, flysch 
et ophiolites. 

Les ·fonnations pliocenes et pleistocenes sant de facies lacustre et fluvio -
lacustre a plusieurs transitions laterales. Le~ plus anciens depOts de la serie 
no§osene-quat.ei:naire sont des il'arnes blanches lignitiferes qui affleurent dans le 
bassin d' Al.n¥ros et datent du Pliocene inferieur, tandis que le depOt des names 
ja~tres dans la partie septentrionale (Velestino-Myra) a eu lieu pendant le Plio
cene superieur. Par endroits les names sont rrasquees par des breches ou ccnglare
rats intercales a des banes greseux et nameux. Les cc:nglarerats pleistocenes cou
vrent une grande etendue des bassins. L' epaisseur de la serie necgene-quaternaire 
depasse les 400 metres. 

'Ibus les de]?Ots du dorraine etudie sont affectes par des rrouvenents tectoniques 
tres intenses qui fcnt parti de la neotectonique de 1' arc egeen du Nord. Le golfe 
de Pagassitikos ainsi que le bassin de 'lhessalie sont des effondrerrents tectoniques 
qui ont eu lieu a la fin du Tertiaire et continuent a etre actifs jusqu' a present. 
Le reg~ tectonique de la region est. en extension. 

L • etude tectonique nous a arrene de distinguer trois groupes de failles nonna
les, au daraine rreridional a directions: a) NNl'f-SSE, b) NE-SI-1 et c) ENE-WSW, tandis 
qu'aux dam.ine: septentrional et central les directions des failles sont a)NW-SE, 
b) NE-SW et c)E-W. en doit souligner ici, que des etudes seismiques sourrarines 
(Perissoratis et al. 1988, Mitropoulos et al. 1988) au golfe Pagassitikos ont donne 
des dire:tions de failles NNW-SSE et E-W qui sont relatives aux precedentes. Ces 
failles nonnales sont resp:msables p:Jur des grands effondrerrents tectoniques came 
le golfe Pagassitikos, les bassins de 'lhessalie, d' Al.n¥ros-Sourpi, de Sesklo etc 
qui ont eu lieu au cours du Pliocene et elles sont reactivees pendant le Quaternaire, 
rrais avec un rejet horizcntal assez irnj;:ortant. 

L' analyse des donnees microtectoniques a def'ini deux phases d'extension. 

la premiere phase a directicn d. extensicn NE-SW (- N50°) qui a un age Pliccene
Pleistocene inferieur. 

la deuxierre phase a direction d' extension NNW-SSE (~N 345°) qui date du Plei
stocene inferieur au recent. 
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G-V6 
An Interpretation on the Magnetic Measurements of the Southern Part 

in the North Euboea Gulf 

Helen BARBETSEA 

National Centre of Marine Research, Athens 166 04, Hellinikon (Greece) 

The interpretation of the magnetic data collected during 1983 are 
based on the local anomalies due to the magnetic differences of the 
rocks and the stratigraphy of the North Euboea Gulf. 

Fronf the isomagnetic map, is inferred, that the Gulf is divided in 
two parts through the isomagnetic line of 46. OOOr directed to the 
North. The above area have been characterized by high intensity values 
( 46. 500y -47. 500y) of the magnetic field (Fig. 1) . It seems that an 
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GULF 
l!.omognetic mop 

(i1olin•s ift y) 
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(Fig. 1) 

elevation to the North Gulf is extended to Larimma area. A differen'l::"e 
of 800y was found and could be supported also by the uplift of the hard 
basement, which appeared in the seismic profiles, of 3, 5 KHZ (Chronis 
et al 1984). This can be observed on the map of the spreading of the 
isomagnetic lines in order of 46. 500y and 4 7. OOOr along the coasts. 
Therefore, a difference of 800y can also be justified from the above. 
The two other explanations are due to the nature of the rocks in 
Larimna area, as also to serpentines and ophioli thes. and the second, 
are the chemical analysis of the surface sediments (Fe, Ni, Cr) 
(Voutsinou - Varnavas, 1987). In this case the concetrations of Fe - Ni 
- Cr were found to be high and are in a good agreement with the high 
values of the magnetic Intensity in this area. On the other hand in the 
southern part the values of isomagnetic lines are relatively lower. It 
seems therefore, that the value of 45. 500y is in conformity to the 
Neogene deposits in this area. '!'he difference of 500y may be attributed 
to the existing peridodites of the studied area. It is known that the 
magnetic susceptibility of order 7. 600-15. 600. 10• C G S shows that the 
above mentioned rocks belong to the igneous rocks. Accordingly this is 
one of the most possible reasons of the relatively high values of 
magnetic intensity observed in the southern part of N. Euboea gulf. 

References 

1) G. Chronis, s. Stavrakakis, Ch. Tziavos, Ch. Anagnostou. H. 
Barbetsea, A. Caragiorgis, 1984. The recent sedimentation on the 
southern part of the Euboea Gulf (1st Symposiull' of Ocean<>graphy. Athens 
1984, 468-484) (in Greek). 

2) F. Voutsinou - s. Varna vas, 1987. M'lrine Hineral Resources in the 
Eastern Hedi terranean Sea II. An Iron, Chromium and Nichel Deposit in 
the Northern Euboikos Bay Greece. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 



G-V7 G-Vs 
A Preliminary Study of the Principal Recent Sediment Types along 

the Eastern Margin of the Aegean Sea 

Mustafa ERGIN, Vedat EDIGER, Mehmet N. BODUR and Mahmut OKYAR 

Institute of Marine Sciences, Middle East Technical University, P.K. 28 Erdemli, leal 33731 (Turkey) 

Fourty-six surficial sediment samples collected ouring the 
oceanographical cruise of the R/V Bilim in Eastern Aegean Sea in 1987, from 
depths ranging between 12 and 640 m <Fig. 1>, were subjected to 
granulometric, carbonate, organic carbon, and optical investigations. The 
=in goal is to provide data that contribute to increase the knowledge on 
sedimentary processes in this poorly known part of the Aegean Sea. 

Preliminary results suggest that - on the basis of biogenic CaC0,3 

content - four main types of Recent sediments overlay the floor of the 
Eastern Aegean Sea, namely very low-calcareous « 5 % CaC03 ), low
calcareous <5-25 % CaCO,.>, calcareous <25-50 % CaC03 ), and high-calcareous 
(50-75 % CaCO,.> sediments. Carbonate components of sediments are largely 
=de up of benthonic-shelly materials mostly occurring in the surroundings 
of Gtlk<;eada Island-Strait of Dardanelles, south of Bozcaada Island, Chios 
Island-<;:e~me Peninsula, and Bodrum Peninsula-Kos Island. 

Most of the organl.c carbon val.ues of sediments <O. 30-0.70 %) are 
comparable with those found elsewhere in the Eastern Mediterranean <ERG!N 
et al., 1988), but somewhat lower than those from the Sea of Marmara <ERG!N 
and EVANS, 1988). The organic carbon contents of the Aegean Sea sediments 
of this study, in general, reflect low biogenic production here, compared 
to sediments from highly productive Marmara waters. Exceptionally high 
organic carbon concentrations <up to 3. 50 %) occurred at or near river 
mouths, and also at sites with high sea-grass communities. 

Among the biogenic components, the occurrence of calcareous algae 
uLithothamnium" is characteristic, especially off the coasts of Bozcaada 
Island and in areas of between Kos Island and Bodrum Peninsula. 

Sediments are composed of materials ranging in grain size: from 
silty clay to gravelly-muddy sand. Mud is widely distributed off the river 
mouths <areas of high terrigenous input) and in the embayments <areas of 
low energy conditions), particularly in Edremit and 1zmir Bays, as well as, 
the Karaburun Peninsula-Lesbos Island-Chios Island triangle. 
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Geophysical Framework of the Sea of Marmara 

Mustafa ERGUN 

Institute of Marine Sciences and Technology, P.O. Box 478, 35213 lzmir (Turkey) 

Western Turkey has undergone dominantly N·S extension causing the formation of 
E-W trending grabens and similarly oriented normal faults (Eyidogan, 1988). Marmara 
Sea is the extension of the Trakya basin in the north. Neogene lateritic depositions are 
present at the borders of this basins. The islands which are also called Marmara, are 
made up of crystalline Paleozoic rocks of marbles and granites. The Caspian-Black Sea 
region up to Italy in the west is at present tectonically very labile. Rapid subsidence 
characterizes a series of more-or-less elongated basins run subparallel to and are 
interrupted by areas undergoing uplift. Thus, during the Quaternary, the Sea of 
Marmara has subsided an amount well in excess 1000 m, accompanied by extension 
and transform motion. On the other hand, Quaternary uplift in western Anatolia is 
widespread. The early Quaternary erosional plateau has raised to up to 300 m in 
Trakya, 950 m on Tekirdag and almost 2000 m on Uludag in the south. These uplifts 
and subsidences are tha extensive phenomena traceable to regional tectonics. During 
the final phase of the destruction of the Tethys, readjustments of the microcontinents 
and collision lead to the development and reactiviation of transforms, as well as non
rigid deformation of continental crust along the collision front. As a result, north
south crustal shortening and secondary east-west stretching occurred. The primary 
vertical tectonics is uplift, but where transform faults cut across the direction of 
transform motion, crustal attenuation and subsidence prevail, leading to the formation 
of pull-apart basins. 

Marmara region has different seismic characteristics from the rest of western 
Anatolia and appears to act as a separate tectomic unit (Crampin and Erans, 1986). 
This region shows higher seismic activity than the western Turkey in general 
indicating that this region is partly under the influence of the western end of the North 
Anatolian Fault which splays into a number of branches in and around the Sea of 
Marmara (Dewey and $engor, 1979). The norhernmost branch becomes a graben and 
follow the Gulf of lzmit, connecting the Cmarc1k pull-apart basin in the Sea of Marmara 
($engor et al., 1985). Based on fault mechanism solutions, Crampin and Evans (1986) 
suggested that the Marmara block is beging rotated and sheared in order to 
accommodate the right-lateral motion of the North Anatolian Faault and extensional 
tectonics of the southwestern Aryatolian province. 

The structures of the Sea of Marmara show the characteristics of rapid 
subsisdence acconpanied by extension and transform motion. In this area, pure strike· 
slip motion changes into extensional strike-slip movement responsible for the creation 
of the basins of the Sea of Marmara and the North Agean where the Ganos Dag area 
active faults joins these two basins. It migth be well possible that the Saros trough and 
the Sea of Marmara basin (Adatepe, 1988; ErgOn at al., 1988) were activated after 
the extension ceased in the north where the Trakya basin is situated having 3 to 4 km 
of Neogene sediments. 

The seismological, seismic reflection , gravity and magnetic geopysical data will 
be reviewed for the Sea of Marmara and the surrounding area. Earthquake data 
indicate seismolgically very active region. The estimated crustal thickness is around 
30-35 km determined from the earthquake data. The northern side of the Sea of 
Marmara shows smoother gravity and magnetic anomalies than the southern side. 
Magnetic anomalies are very much affected by the magmatic end volcanic intrusions on 
the southern side of the Sea of Marmara. The basement (most probably made up of the 
crystalline rocks df the Biga Peninsula on the south and the lstranca in the north) has 
been obtained to be around 2 to 5 km determined by the gravity modelling and power 
spectrum analysis. Neotectonic movements show their effects even within the very 
recent sediments indicated by shallow seismics in the area. Also, there exists a 
crushed zone in the middle of the basin marking the effects of strike-slip motion 
coupled with tensional movement. lzmit Bay area in the east of the Sea of Marmara 
was found to be a half graben from the gravity interpretation with the vertical 
movements taking place on the south side. 
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G-VII 
Non-living Marine Resources in the Egyptian Mediterranean Offshore 

Mahmoud Kh. EL-SAYED 

Department of Oceanography, Faculty of Science, Alexandria University, Alexandria (Egypt) 

Ocean mining is considered to be a new frontier for mineral 
development; yet it is a long established industry in many 
countries. The IOC-UN(OALOS)/OSNLR have stressed on the 
importance to develop the techniques for the exploration· and 
exploitation of the non-living marine resources. There are 
serious efforts to develop an ocean science in relation to the 
non-living marine resources in the Mediterranean. 

Fig. 1. 

The Egyptian Mediterranean offshore is considerably larg• 
{Fig.l); however, its non-living resources are not y.et seriously 
evaluated. This area could be a source for several non-fuel and 
fuel marine resources. 

Most of the non-fuel potentially valuable resources in .this 
region are not presently exploited for several technical and 
marketing demand reasons. Aggregates and carbonates are widely 
distributed in the offshore region, surface exposed placers, on 
the other hand, have been intensively mined and hence exhausted. 
Large estimated amounts (reserves) of subsurface {Pleistocene?) 
placers in the coastal zone along the Nile delta contain zircon, 
tourmaline, ilmenite and rutile in appreciable quanti ties. 
Marine oil and gas fields are explored in the Nile cone and to 
the west of Alexandria; gas ~s intensively exploited from marine 
gas field east of Alexandria. 
The offshore oil discoveries in the eastern Nile cone in 
Oligocene and early Miocene indicate the need for deeper 
explorations. 
Special attention was paid to the coastal zone as a resource 
(CZAR), as this area ~s h~ghly attractive for socio-economic 
development. It compr~ses major cities, industrialization, 
harbours and several summer resorts and recreational centres. 
However, this area experiences continuous erosion and is 
vulnerable to the expected rise of sea level. 

This paper is a contribution in assessing the non-living 
marine resources along the Egyptian Mediterranean offshore, with 
respect to their orig~n and factors that influen<;:ed their 
development and to review past and present mining activities. 
However, a more detailed resource inventory is required to 
provide a more certain assessment. 

Rapp. Comm. int. Mer Medit_, 32, 1 ( 1990). 

104 

G-VJ2 
Facies Analysis of the Nile Delta Continental Shelf Sediments, Egypt 

Omran E. FRIHY 

Coastal Research Institute, 15 El Pharaana St., El Shallalat, Alexandria {Egypt) 

This study serves to define more precisely the major sedimentary 
facies groups of the Nile delta shelf, and to relate their distribution 
patterns to environment of deposition. This was achieved by evaluating 
quantitatively the grain size distribution and mineralogical components 
of the coarse fraction in 108 bottom samples (Fig .1). Q-mode factor 
analysis of Klovan and Imbrie (1971) was employed on 19 variables, 7 
textural (>-1, 0-1, 1-2, 2-3, 3-4, 4-8 and 8-10 ) , plus 12 
compositional (light minerals, heavy minerals, mica, "glauconite", 
plant matter, foraminifera, shell fragments, ostracods, echinoids, 
corals, bryozoans and carbonate oolites). Factor analysis of these 
variables related to sediment size and composition, reveals four 
dominant associations of lithofacies groups or factors. These 
facies statistically "explain" (or encompass) 83.6% ot the total 
textural and compositional variation (variance). 

1) The most significant contribution is facies I, formed of fine 
and very fine sands and contains light and heavy minerals and 
"glauconite". It covers most of the inner shelf area and progressively 
decrease seaward across the shelf and interpreted as delta front 
environment. The delta front facies appears to have been formed when 
there were several former Nile branches and the delta probably had an 
arcuate shape. 

2) The next most important sediment group is facies II. It 
consists of silty sand enriched in biogenic components {foraminifera, 
shell fragments, echinoids, corals, bryozoans and os+-.racods) - It 
occupies the entire outer shelf and its contiguous lower terraces. 
They are mostly relict {iron stained), probably resulted from sediment 
dynamics during lowering sea level of the Pleistocene . 

3) Facies III is formed of fine-grained sediments of prodelta mud 
associated with mica, "glauconite", covering the middle shelf zone and 
the upper terraces. The gradient of concentration of this facies on 
the central delta off the Burullus headland may reflect an added 
sources related to the former branches of the Nile. 

4) Facies IV is mainly represented by fine to coarse-grained sands 
and light minerals. Biogenic components are mainly absent. They are 
locally scattered on the inner shelf area along the coast of Idku, 
Burullus, Damietta promontory and El Gamil. These facies is equivalent 
to the upper Holocene prograding sands reported by El Askary and Frihy 
(1986) and Coutellier and Stanley {1987) from sediment cores at the 
Nile delta coastal zone. They interpreted these sands as coastal 
accretionary sand ridges of nearshore bars, accumulated during 
progradational phases of the delta when the Nile delta margin migrated 
northward. The geographic distribution of facies IV shows a 
correspondance with the position of the former Canopic, Sebenni tic and 
Mende sian branches. 

The configuration patterns of facies assemblages of grain size 
distribution, faunal and floral components on the shelf are related to 
former major distributary branches of the Nile as well as the pre
modern Rosetta and Damietta branches. The facies patterns are also a 
response to Holocene sediment transport processes, combined with 
sediment dynamics during lowering of sea level in Pleistocene. 

Rosetta Branch Darnletta Branch 

29° 4o' 30° oo~ 30° 20~ J0° 40' 31° oO 31° 20.. Jl 0 4o" 32" oo' 32° 2o" 

Fig.l Map of the Nile delta continental shelf showing the locations 
of bottom samples examined• 
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G-Vl3 
Study ·Of Carbonate Contents in the Shelf Sediments off the Nile 

Delta 

N.-M. DOWIDAR, M.-A. El-SABROUT and A.-A. EL-SAMMAK 

Department of Oceanography, Faculty of Science, Alexandria University, Alexandria (Egypt) 

The carbonate cont.ent of the Nile sediments between El-Agami and El
Arish were studied {Figure 1.}. The method described by Presley (1975} 
was used for determination of total carbonate content. Mineralogical 
analysis were performed using XRD. 

Obviously, the carbonate content of the sediments between Rosetta and 
El-Ari5h "re comparable to the previous results in the same area ,and 
to the other data in simi Jar areas. East of Rosetta, the carbonate 
content varies between 0.823 : and 8.85 : with an average of 2.48% • 
On the other hand, the carbonate content of the sediments in the area 
west of Rosetta increases gradually west-ward with an average of 
55.32 :. 

Carbonate miner" Is occurred in the are" west of Rosett" ( off E 1-Ag.,mi 
and Abu-Qir }. The Most dominant mineral w"s aragonite, followed by 
calcite, Mg-calcite and quartz . On the other hand quartz ,· feldspar 
and mic" are, in order, the most dominant minerals in the are" between 
Rosetta and E 1-Ar ish . Carbonate m i nera 1 s in the are" west of Rosetta 
are poss i b I y derived by erosion from coast" 1 formations. The formation 
of aragonite may be engendered by strontium, in addition to the 
possibi I ity of inorganic precipitation through biological processes. 
Th ~s is in accordance with the resu Its and cone 1 us ions obtai ned by 
Emelyanov (1972} ; EI-Sayed (1974,1981,1985) ; El-Wakeel "nd EI-Sayed 
(1978)·; Stoffers et_aJ.,. (1980);. 
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~ a ~ :c 

~ ..: 
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0 

Figure I. Areal distribution of total carbonate in the 
surficial sediments of the study are" (% ). 

35' 

Conspicuously the basis of carbonate content and mineralogical 
data, the study area can be divided into two zones ; El-Agami/Abu Qir 
zone and Reset ta/E J-Ar ish zone_ The former zone is characterized by 
high content of carbonate reaching about 84% in the inner shelf area 
off EI-Agami. The area between Rosetta and EI-Arish is mainly covered 
with Nile sediments and is characterized by low carbonate content. 
The increasing of carbonates east of Port Said is due to the gradually 
increase by deposition from the w .. ter ; in addition the area off Sinai 
is subjected to some supplementary contribution from sea•cliffs and the 
seasonal streams of Sinai. 
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Geological and Physical Aspects of the Nile Delta with reference to 
the natural and man-made hazards 

Mahmoud Kh. EL-SAYED 

Department of Oceanography, Faculty of Science, Alexandria University, Alexandria (Egypt) 

The Nile delta belongs to a group of deltaic coastlines that 
are largely shaped by waves_ It represents ·one of the world • s 
largest deltas with most conspicuous physiographic features
(Fig.l). 

The geological history of the delta started in the Late 
Miocene; the contemporary delta is however much modern (Late 
Pliocene). Tectonics and sediment input influenced the formation 
and development of this area. The Nile cone was resulted from the 
accumulation of turbidites offshore. 

The lower Nile delta host several axes of socio-economic 
development. However, this area has long experienced continuous 
erosional problems, and presently is regarded as most vulnerable 
to the expected rise of sea level. The erosion problem of the 
fragile coastal deltaic stretch is partly due to the cut off of 
about 100 million tons o-f sediments used to brought in the area 
prior to the const·ruction of the Aswan High Dam, and largely due 
to .continuous nature induced subsidence (Fig. 2) . 

Fig. 2. 

A conceptual model is prov~ded to illustrate the variables 
forces and their different interaction on the coastal deltaic 
Nile area (Fig. 3). 

AI ILE 
DELrA 

PoPfJLA.TIDN 

This paper presents a synthesis of geological, 
geomorphological, geophysical and hydrodynamic aspects of the 
Nile delta and aimed to discuss the natural and man-made hazards 
regarding the erosion and subsidence of this area. 
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G-VIs 
Relationship between clay mineralogy and thermal maturity of 
Neogene-Quaternary shales in Ras ·EI-Barr well No. 1, off shore 

Nile Delta, Egypt 

Ramadan Abu EL·ALLA 

Sciences and Mathematical Department, Faculty of Petroleum, Suez Canal University, Suez (Egypt) 

The Nile Delta basin contains a thick section of Neogene-Quaternary 
strata that have a diff,erent values of thermal maturity as determined by 
vitrinite reflectance. The studied area in the Esatern part of the off shore 
Nile Delta basin is represented by the Ras EI-Barr well No. 1. Clay 
mineralogy, the half-width of 10 N illite and chlorite peaks, and the A/H 
(Area under peak/peak height) are systematically related to thermal 
maturity. Fig. 1, see GUTHRIE et al., 1986 and HEROUX eta/., 1979. 

The most important changes in clay minerals with increased depth of 
burial are: (a} the regular reduction of expandable layers; (b) the gradual 
increase in the crystallinity of illite and chlorite (decrease of the half 
width value) with depth. Table 1. 
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The results of this study suggest 
that, in the absence of vitrinite, the 
values of half width of 10 A0 peak and A/H 
parameters of illite (especially 
glycolated) may be used quantitatively to 
estimate the levels of thermal maturity; 
and consequently as indicators for the 
differentiation between the above and 
below oil window zones and to 
approximate hydrocarbon generation
preservation stages of potential source 
rocks. 
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G-VI6 
Mineralogical and Chemical Diagenesis of the coastal sediment in the 

area from Sidi Abd EI-Rahman to Mersa Matruh (Egypt) 

Mohamed A. SHATA 

National Institute of Oceanography and Fisheries, Kayet Bay, Elanfoshy, Alexandria (Egypt) 

The area of study extends from sidi Abd EI-Rahma to Mersa Martruh for 
about 150 Km. It can be . divided according its morphology into two parts ; 
namely Gulf of Kanayis and Abu Hashaifa Bay (Fig.1). 

Two types of sediments were collected those of bottom samples and the 
other collected from three succive ridge extending parallel to the North Western 
coast of Egypt. The aim of study is to follow up the mineralogical and chemical 
change during the course of the carbonate diagenesis. 

A.- Emphasizes arised from the mineralogical investigations 
1.- The first stage of diagenesis proceeds through the transformation of 

aragonit into low Mg-calcite in the Gulf of Kanayis. 
2.-ln Abu Hashaifa Bay the transformation of Mg-calcite into the more 

stable of carbonate minerals is not clear. 
3.- The samples of the first ridge reveal that the transformation of 

aragonit into calcite become more obvious than that into Mg-calcite. Actually 
these comprises the middle stage of the diagenetic process. 

4.- The last stage is accounted for the second ridge, where aragonit and 
Mg-calcite are converted into calcite, the transformation of aragonite into Mg
calcite i& ceased. 

The correlation between the different forms of the carbonate minerals 
indicates tha:t : 

a.- The transformation of aragonit into Mg-calcite decreases landward. 
b.- The transformation of aragonit into calcite increases in the same 

previous. direction. 
c.-The last stage of diagenesis proceeds particularly in the second ridge. 

Comparable study between the present work and that of (LYNN et al., 1979) 
leads to conclusion that the diagenic changes occur in a different from rather 
than that in both of the Mediterranean Coast of Israel (GAVISH & FRIEDMAN, 
1969) and in Bermuda Island (RISTVIT, 1971), in which the early loss of Mg
calcite through the course of long term regional diagenesis had been achieved . 
For the short term local diagenesist the transformation of Aragonit into Mg
calcite is observed in the study area. These diagenetic processes have not signs 
in the sediments off Alexandria (EL-SAYED, 1974, STOFFER et al., 1980) and the 
adjacent sediments of Arabs Bay (ANWAR et al., 1981). 

B.- Emphasizes arised from the chemical investigations 
1.- The substitution of Ca for Mg is strong in the Gulf of Kanayis where 

the aragonit dominates. In the other studied area the substitution becomes 
lower. The reason for such chemical behaviour thought to be the increase of the 
other forms i.e. Mg-calcite and calcite on the expense of aragonit. 

2.- Generally Mg-content reflects two important processes . 
a.- Mg-calcite secretion from organisms, where there is positive 

correlation between Mg-content and Mg-calcite i.e. Mg increases in the area 
wich covers with Mg-calcite secreting organisms. 

b.-The diagenetic process by which Aragonit transformed into Mg-calcite. 
3.- The Sr content of the study area shows that the higher content of Sr 

are linked with the higher values of the aragonit. It becomes lower under the 
influence of the transformation of the aragonite into the other forms of the 
carbonate minerals. Generally Mn increases in the Existence of calcite owing to 
its incorporation in the crystal lattice of the calcite (ICHIKUNI, 1983). 
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G-VI7 
Distribution of Recent Marine Sediments of the Continental Shelf off 

Sinai, Egypt 

A.-A. EL-SAMMAK and M.-A. EL-SABROUTI 

Department of Oceanography, Faculty of Science, Alexandria University, Alexandria (Egypt) 

Abstract: Shelf sediments off Sinai Egypt were studied. A patcny 
distribution of sediments can be ob~erved.Mud covers most of the area. 
It is a"sured that the distribution of the sediments is governed by 
the current in the area as we I 1 as the sources of the sediments. 

Previous reconnaissance studies of the shelf sediments off the Ni Je 
delta have involved by several authors ( El-Wakeel ~.(1974); 
Mi,drop "nd Se,tini (1976); Summerhays and Marks(1976); El-Wakeel and 
El-Sayed(1978); Summerhays .!U_ll.(1978); Coleman ~.1981;Yanaki and 
Kronfeld(1982); El-Sammak(1987); El-Sabrouti and El-Sammak(1988};· 
El-Askary and Frihy (1986} reviewed most of these studie"; they 
mentioned that the near-shore facies is restricted to depths shallower 
than 30m. in depth , which is "delta front platform covered with 
fine to very fine sand and admixture of sand and silt further seaward 
(off,hore), prodelta mud which is compo,ed of si It and clay extends 
almost as far as the she! t edge (20 -70 m. in depth}. Scattered 
patches of rei ict medium to coarse sand occur near the middle of the 
she! f; seaward of this, there is a broad muddy sand zone of high 
organic s·i I ty c Jay and clays (mud}. 
The present study is in accordance with the previous studies; however 
the eastern part, East of Port Said (i.e. off Sinai) is hardly ever 
studied. Actually the present study fi 115 this gap_ Accordingly a 
complete general picture for the type of sediments as wei I as their 
distribution can be given for the area of the south · ea~tern 
Mediterranean Sea off Sinai penin~ula east of Damietta. 

The area "urveyed (Figure L} covers the continental she! t and part of 
the upper continental slope of the south eoster Mediterranean Sea 
between 2 m. and 445 m. 30 sediment -:samples were collected using a 
peterson grab sampier with a movable upper I ied that covers surface 
area of· 65 em by 35 em. Detailed granulometric analysis were made by 
standard sieve and pipette methods. The sediment types were given 
according to the method of Shepard (1954). 

The study area show" a patchy distribution of the sediments- In 
general most of the outer shelf and the upper slope are covered with 
mud, this is due to the failure of coarse materials to reach the 
outer she If, mud a I so covers most of the i nnershe If o t f the study area 
between Damietta and £1-Tena . This area is characterized by receiving 
great amount of the fine materials't'loaded by the Nile waters and lake 
waters through Rosetta branch and E 1-Manza l ah I ake opening (Boughaz 
El-Gamil). Sand present5 in the innershelf area off Dameietta derived 
mainly through Burullus lake opening. Silty sand, sl!ndy silt and sand 
patches occur oft El-Tena. EI-Bardawi I and EI-Arish could be 
attributed to the secondary wind-borne deposits coming from northern 
Sinai. Middle she! f sand patch occur off Damietta may be related to 
the older mouths of the Nile (Mi,drp and Sestini;1976)_ Generally, the 
distribution of the sediments is governed by the current in the area 
as well as by the source of the sediments. In the south eastern 
Mediterranean, the general current is directed eastward, as a results 
most of the Nile sediments are deposited in a NNE direction. 
However, east of Damietta the eastern current stows down and follows 
two directions,ESE with a velocity of 6 em/sec and anther opposite 
current with a velocity of 4.6 em/sec.( Mohamed and Anwar;1978). 
makinq a sort of wide vortex. As a result , most of the fine sediments 
carried by the current are deposited in the area between Damietta and 
E 1-Tena. 

Figure !_ Areal distribution of sediments in the study area. 
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G-VIII 
Un exemple d'lmpact de l'lnteraction Tectonique -

Eustatisme - Amenagements Anthropiques sur I'Equilibre 
d'un Domaine Littoral en Environnement Delta'ique 

Mediterraneen - L'Evolution Quaternaire du Littoral du 
Golfe de Tunis et ses Consequences sur Ia Determination 

d'une Strategie d'Amenagement 

Claude BOBIER', Monee! SLIT! .. e1 Claude VIGUIER' .. 

•Dapartement de Geologie at Ociianographie, Universlte de Bordeaux I, Avenue des Facultes, 
Talence (France) 

••Direction des Ports Maritimes, Ministere de I'Equipement, Tunis (Tunisia) 
•••LERGA, Universite de Bordeaux I, 355 Cours Gambetta, Talence (France) 

Les auteurs presentent Wle synthese des resuJtats d'Wle sene de travaux 
d' oceanographie geologique conduits sur le littoral du Golfe de TUNIS depuis 1980. 

Dau 11a premier tem.ps ils moltttentque !'evolution quaternaire et 
particulierement l'eYOlution receate du trait de dlte sont le resu1tat de !'interaction dans WI 
en.vironnement deltalque entre ; 

- 1' evolution neote<:tonique active en. raison du contexte geodynamique, 

• et la courantologie au niveau du littoral et sur le proche plateau qui evolue en. 
fonction des pulsations climalo..eustatiques. 

H apparait aussi que revolution naturel.le des corteges sedim.entaires de baut niveau 
moyen. des mers est fortement perturbee pat; !'impact des amenagemeuts anthropiques 
realises dans les Bassins versants de l'Oueci Medjerda et de l'Oued Miliane. 

Dau ue deuxil!me partie sont presentes les resuJtats d' observations et 
d'etudes experimentales faites sur le com~ent de brises lames dont !'implantation a ell: 
rendue necessaire en. raison du recul du linoral induit par ces interactions entre tectonique
eustatisme et ameoagemeuts anthropiques. 

Ea coaclasioa, des regles toucbant les caracteristiques des b!ises lames sont 
degagees et W!e reflexion sur Ia strategie d'amenagement du Nord de la TUNISIE est 
conduite. 
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Holocene Sedimentation 
on the Western Egyptian 

Shelf 

T orbjorn ALEXANDERSSON 

Geology Department, Uppsala University, 
Box 555, S-751 22 Uppsala {Sweden) 

is that of a low supply of biogenic products 
continuously exposed to cortical growth. 
thus forming ooid grains. 

The Egyptian shelf in the Mediterranean 
Sea exhibits two sedimentary regimes: (l) 
The Western desert-fronting shelf; (2) The 
Nile delta-front with its down-current (east
erly) field of influence. The transition zone 
lies at Alexandria near longitude 30E. 

Much work has been focused on the 
Nile-influenced shelf, while data from the 
Western shelf are just beginning to appear. 
Specifically, studies in the Arabs Bay have 
discovered a regime of abiotic carbonate 
sedimentation producing modem aragonite 
oolites and aragonite mud. 

Landward and longshore sediment trans
port builds an oolite beach and coastal 
oolite dune reaching eastward to Alex
andria. A radiocarbon age of weakly ce
mented dune material was 2, I 00 BP; the 
age of off-littoral shell sand from 20 m 
water depth 1,500 BP. This whole coastal 
sequence is, in fact, much younger than the 
Egyptian pyramids. 

Off Point Agami, 80 km down-current 
(east) of the oolite banks, a pure aragonite 
mud of zero radiocarbon age accumulates at 
depths of 25-50 m (El-Sayed, in prepara
tion). The coast-parallel current here fans 
out in a plume with very little momentum. 
Isotopic data indicate an abiotic origin of 
the mud. 

THE NORTH AFRICAN OOLITE 
BELT 

ARABS BAY 
The Arabs Bay shelf lies W of Alexandria. 
For 120 km, from Point Abukir to El Ala
mein, shelf width is 18-20 km; a distinct 
shelf edge runs at 80 m depth (44 frn). The 
area is 2,500 km2, with no less than 700 
km2 (28%) in the littoral zone inside the 15 
m (8 frn) depth contour. The Bay is closed 
to bed-load sediment input from W by 
morphological constraints at El Hekma and 
El Daba. Net transport is setting E, leaving 
the Arabs Bay shelf unaffected by Nile 
delta material. The result is a sea-floor 
starved for allochtonous sediments. 

Arabs Bay emerges as the eastern end of a 
great North African Oolite Belt, extending 
2,200 km from the Gulf of Gabes to the 
Nile delta. The NAO Belt is one of the 
world's major oolite fields. It borders the 
south coast of two basins - the Ionian and 
the Levantine - occupying half the length of 
the Mediterranean Sea, between longitudes 
l0Eand30E. 

The coast is marked by a sequence of oo
lite dunes, running virtually uninterrupted 
the whole distance (Fabricius & Klingele, 
1970; Emelyanov, 1972). 

Off Djerba island in the Gulf of Gabes, 
relict oolites occur down to 13 m water 
depth, mixed with biogenic carbonates. 
Their radiocarbon ages are 6,000-30,000 yr 
BP (Fabricius et al., 1970; Blanpied & Bell
aiche, 1981). Fabricius and co-workers state 
specifically that Tunisian ooids are not for
ming at the present time. They infer that the 
last period of oolitization terminated at the 
onset of a mid-Holocene cooler climate. 

Bedrock belongs to the Marmarica 
Formation, a Middle Miocene sequence of 
calcarenites capped by Pliocene limestone 
(El Shazly, 1977). It has been tectonically 
stable at least since the close of the Lower 
Pleistocene (Fairbridge, 1972). 

Sea levels during the last 300,000 years 
generally have been lower than today, gi
ving the Western shelf a long history of 
subaerial exposure. The last regression 
dropped below -80 m about 18,000 BP 
(Milliman & Emery, 1968; Thunell, 1979), 
remaining low for 7,000 years. 

Around 11,000 BP the sea rose again 
over the shelf edge in the last Holocene 
transgression. It passed the -15 m depth 
contour as recently as 8,000-6,000 years 
ago. The wedge of biogenic carbonates pro
duced during this last transgression is on the 
order of 0.5 min the off-littoral; even less 
in the littoral. 

SHAMMAMA BANKS OOLITE 
The Shammama Banks off El Alamein are a 
littoral oolite field 5x24 km in size. Main 
morphological elements are seven sub
marine ridges, 10-15 km in length and 
several hundred meters in width, pointing 
SE. These are hydrodynamic bed-forms 
rising from barren rock floor at water 
depths of 12-15 m, running through the 
breaker zone and terminating in the shore
face. 

The bank material is pure oolite sand, 
both in the ridges and on inter-ridge sea
floor. Median grain size is 600 J.!m. The tail 
of material smaller than 250 1-1m (possible 
desert sand) is <I%. 

The oolite is virtually l 00% carbonate. A 
sample of 10 g left a residue of 20 mg after 
dissolution in dilute HCI ( =carbonate con
tent 99.8%). The residue consists mainly of 
clear quartz <63 1-1m from intragranular hol
lows in the ooids. 

The ooid cortex phase consists of con
centrically laminated aragonite enclosing a 
nucleus phase entirely of Mg-calcite and 
aragonite (no low-Mg calcite, no quartz). 
This indicates a direct marine supply of 
nuclei from off-littoral shell sands. It is 
noteworthy that terrigenous sand from the 
Sahara has no real part in the littoral sedi
mentation here, neither as grains as such, 
nor as nuclei for ooid growth. 

Emelyanov (1972) has one observation 
from the shelf in the innermost Gulf of 
Sidra, Libya. His sample No. 742 from 36 
m water depth is described as oolitic sand 
with median grain size 550 1-1m and carbo
nate content 90%. In contrast to what is 
found in Arabs Bay, "heavy minerals (ore 
minerals, hornblende) often form the nuclei 
of ooliths, which then have a specific 
gravity above 2.9" (ibid., p. 371). 

So far, Arabs Bay is the only area in the 
Mediterranean Sea where oolitization in 
progress has been observed. Conditions 
conducive to the process are: total absence 
of a terrigenous influx; high summer water 
temperatures (26 °C) and salinities ( 40 per 
mil); and a wide, shallow littoral zone ex
posed to strong water turbulence facilitating 
transport and degassing. 
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; e tielle de profils sismiques haute resolution 
L analyse s quen eforme rhodanienne a permis de 

recemment effectues sur_ la pl~t ent spatial des corteges 

~!~i!~~~=~re:t mi~e e:e~:~~!e~or; ~geesnc;;riations glacio-eustatiques 

du Qu;ter~~!~:m!!~min~;-e:::::~~l::n:;.;' d1e9s90 ~~rteges sedimentaire& 
ara ' a ete realise par carottages Kullenb~rg 

~~=itf;::es ~~ce~;:reles aux donnees sismiques au moyen de profl.ls 

de sondeur 3,5 KHz. ete etabli d'une 
. Le calage chronologique des prelevement;ll~ s d, autre part 
part par datations ,. c sur les nl.veaux coqu er de la methode 

~:~eo!.::~~~~~~!iod~'s ~~~r~!:~on:e~~~~lai~~::;~enje:;qu' alors utilisee 

en domaine conti~ent~l (lofl.lll.d~msoo: et :!~' ;::~~s~e sur la base des 
La caracter~sat~on des P s a . i ues et 

arametres li thologiques. texturaux' ml.neralog q 
~eotechniques {El Hmaidi, 1989 ; Gensous et al.. 1990) · 

Las depOts progr::::i~rm~e ~~~;;~:s (~'~h:~~-n;:;~;:d s~~~s~:=~ 
:;~;:~:r~t le:urdo;n~e: sedimentologiques_ et microfau~iques ror:.~sen; 

• · se sont mis en place en domal.ne prodelta ques va 
~~n!!:lfures} a infralittoral cotier (alternances sa~~es 1~rgil~s~ lors de la derniere baisse du niveau marin re~at~ . d s vs :s 
recouverts par une mince couvertur:e discont~n1;1e e " as 
hemi elagiques et de sables coquill~ers glauconl.eux . ( sables 
reli~ues du large" l formant_ une sec_tion condensee assocl.ee A la 

remoni!e c~~~~~~l~~~~~~~e~~i~~v~:~ ~~r:e~".,ppe sur le pla~eau i exf:r:~ 
u . 1 consti tue des terrasses retrogradationn-:lles' s epa ss 

o. ~ . . continent Sur le plateau medl.an, les depOts se 
dl.rect~o~t ~~us forme d ;une sequence globalement granodecroissante 
pr sen e d iveaux silto-sableux evoluant verticalement vers 
!e:l~::;:nc:s mo:o:ulfures. Las accumulations les ~lus i~~or~=~~~= 

i t a 1 • arriere d' un corps sableux, ans 

~~c;;~:!:!~~d~ll:ec;:r~es;~~~~~t <:n~~: ~~~~:=c~~r;e~:~t~:;;::~:::. 
la remontee relative du nl.veau marin uill:lier puis 
depOts transgre!"sifs _sont surmo~tes t pa~ u~n nii:ete~v~~1e condensee 
des vases hem~pelag~ques repr sen aln te du niveau marin 
correspondant au dernier stade de a remon e 
relatif a 1 'Holocene terminal. 

· d it A la mise en evidence, Les etudes anterl.-:ures ont c~r; ~ "prisme sedimentaire 
su: l_a pl~tefor~e. ~~~~~~e,Les ca~ottages, effectues dans ce 
ep~cont~nental (Alol.Sl., d Rh~ne ont recoupe des vases 
prisme au droit du de~ ta u maotie're organique con tenant une 
prodel taiques sil teuses rl.ches en . t. ue issue du bassin versant 
abondante phase carbonatee d~t~~i~~ proximal, aux depOts sablo-
rhodanien ; elles passent, en o bles des cordons litorraux. 
vaseux du front deltaiqu~ puis. auxs s~tablies A partir des mesures 
Les donnees_ chronostrat~g;ap:{q;ieon verticale des parametres 
paleomagnet~ques et 1 ev u ettent de differencier 1-es 
sedimentologiques et geotechniques perm de la partie distale du 
depOts du cortege transgre;sifi ~e a~:~~nt son plein . developpement 
prisme de haut niveau- Ce d ett _e ue rhodanien dont !'edification, 
au niveau de l' edifice e al.q terale des distributeurs au
par progradation et migratioff 1: debute lors de la periode de 
dessus du cortege transgress i Holocene (6 Ka BP}-
ralentissement de la transgress on 

Ces etudes sont realisees dans le ca~re ~u programme D.B.T. 
"Message Sedimentaire et Paleobiolog~que • 
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Detailed stratigraphic models of modern deltaic systems have 
not been proposed yet in terms of the sequential analysis developed 
since 1977 by EXXON scientists and others, except for a few studies of 
the Louisiana shelf (SUTER and BERYHILL, 1985). Deltaic environments 
which are characterized by high sedimentation rates have recorded and 

_preserved worldwide fluctuations of the natural environment (climatic) 
and effects of regional stresses (tectonic, hydrodynamical). These 
events can be identified from the distribution of sedimentation 
patterns, variations of sedimentological parameters and facies- and 
changes in biological communities. Chronostratigraphic models would 
certainly be helpful for the exploration and management of natural 
resources and the assessment of the impact of changes introduced by 
human activities . 

A programme was developed since 1987 in the Rh6ne continental 
margin with national and international participants. It is included in 
"DBT" ( "Dynamique et Bi Jan de la Terre) national programme supported by 
INSU-CNRS and oi I companies (TOTAL and IFP) and based on the previous 
studies carried out by various laboratories which are now involved in 
the new program . 

The time scale sequence is of order 5 (VAIL et al., 1977) and 
studies are focussed on the latest cycles of the Quaternary. A coherent 
data base should contain a continuous and homogeneous grid of high 
resolution seismic profiles coupled with outcrop and well sampling 
performed with the same level of precision. Boring would be one of the 
task for the future European Research Vessel but seismic data 
acquisition started in 1987. Outcrop core sampling which beg~n. one year 
later has been based on efficient location systems and prel1m1nary mud 
penetrator profiling. These studies should rely on precise time scales 
(secular) which require paleomagnetic measurements to be adapted to 
shallow marine environments, besides data provided by more class'ic 
methods . 

A first homogeneous grid of seismic lines has been achieved 
which provides a high resolution continuous recording of acoustic 
reflectors from the shoreface to the upper slope which will be 
complemented. The late Quaternary deltaic shelf deposits mainly consist 
of stacked prograding wedges bui It up during relative sea-level 
variations which are classical features of the shelf. The construction 
of such wedges was attributed to a period of sea-level highstand 
according to the initial model by VAIL et al. (1977). But our recent 
studies (TESSON et al., 1990a et b, WILLIAMSON et al., 1990) have shown 
that they should be considered as "Shelf-Perched Lowstand Wedges" • at 
least the uppermost ones. This interpretation is based on the rates of 
shifts and the regional bathymetry of their coastal onlap. This impiies 
new developments which are supported by recent studies already taken 
into account in the new global high frequency models (POSAMENTIER and 
VAIL, 1988) . 

Subsurface data which were obtained by a coring network 
adapted to the sismostratigraphic scheme are consistent with the new 
interpretation. Only the uppermost Shelf Perched Lowstand Wedg: is well 
documented from a stratigraphic point of view. Lateral correlat1ons lead 
to assume an age 25-30 000 yrs BP. At 120m water depth, the sedimentary 
facies varies from prodel taic silty muds rich in organic matter to 
coarsening up interbedded sand/mud of bas~ I shoreface . and ':ear 
intertidal environments. These facies are descr1bed for the f1rst t1me. 
They contain microfauna! associations which are cons~stent with the 
proximity of sediment distributaries moving seaward durln~ small-scale 
eustatic falls in sea-level. This time and paleaobathymetr1c record well 
agrees with the "Shelf-Perched Lowstand Wedge" model. . . 

The detailed two-dimensional chronostrat1graphy 1s well 
documented for the Transgressive and Highstand System Tracts and the 
condensed section of the postglacial time. Fine sequential analysis 
agrees we II the typical patterns of such system tracts • the 
carbonate/terrigenous ratio excepted. They can be assumed to be related 
to sea-l eve 1 osci !lations of higher fre·quency (parasequences). The last 
set of cores should lead to identify allocyc 1 ic to autocyc-1 ic events 

The very high resolution programme carried out in the Rh6ne 
continental margin participates in the development of new concepts in, 
high frequency sequential stratigraphy, such as Shelf-Perched Lowst?nd 
Wedges. This area which had been amply studied represents a l.'referent1al 
environment due to its limited extension and broad d1 versi ty of 
interactions, biological activity included, which can be quantified. The 
programme has been extended to the slope and the deep sea fan and 
should be developed furthermore . 
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La plateforme continentale rhodanienne constitue un secteur 
propice (marge passive, mer sans maree, apport terrigene ponctuel 
important) a 1. etude de 1. enregistrement sedimentaire des effete 
des variations cycliques (glacio-eustatiquesl du niveau relatif 
marin. 

L' analyse sequentielle, selon les concepts developpes par 
Posamentier et Vail (1988) , de profils recants de sismique haute 
resolution a permis de detailler 1' agencement et les conditions de 
mise en place des unites sedimentaires du Quaternaire terminal 
(Tesson et al., 1990). 

La plateforme continentale apparai t constituee d • unites 
progradantes superposees' en forme de prismes' s. epaississant (50-
60ml vers le bassin et se biseautant en onlap sur la plateforme 
interne-moyenne. Chaque prisme est constitue de reflecteurs 
obliques a sigmoides' pentes vers le large et subhorizontaux a 
leur base (downlap). La partie superieure des prismes est parfois 
incisee par des chenaux de quelques km de large et 10-15 m de 
profondeur. 

Des unites sedimentaires, a configuration retrogradationnelle 
en onlap, separent les prismes. Elles sont gEmeralement peu 
developpees, a 1' exception de la plus recente, dont le Sammet 
constitue le f01id marin, qui s'epaissit vers le continent et 
raccorde a 1. appareil del taique rhodanien. 

Les prismes progradants quaternaires qui ont construit la 
plateforme rhodanienne peuvent etre interpretes de deux facons 
contradictoires : prismes de haut niveau marin relatif ou prismes 
de bas niveau marin relatif. La haute resolution et la bonne 
couverture regionale des donnees sismiques permettent de trancher 
entre ces deux hypotheses : 

- L' analyse detail lee de la configuration interne des 
prismes progradants montre que les clinoformes sont, de facon 
repetee' tronquees par des surfaces obliques lesquelles 
viennent se biseauter, avec un df:calage vers le bas, les 
cliniformes suivants. Ce type de disposition, en "downward shift", 
deja decrit (Plint, 1988) resulte d'une baisse saccadee du niveau 
marin relatif. 

- A l'echelle regionale, le prisme le plus recent vient 
se· hiseauter vers le continent a une profondeur constante comprise 
entre 80 et 90 m sous le niveau marin actuel. Du fait de sa mise 
en place relativement recente, probablement juste avant le dernier 
maximum glaciaire, une intrepretation en prisme de haut ni veau 
marin relatif oblige a envisager une subsidence de 50 a 60 m ce 
qui est incompatible avec les donnees connues pour cette marge 
passive (Lefevbre, 1980). 

Au vu de ces donnees, il apparai t done que les prismes 
progradants ant ete mis en place durant les phases terminales de 
baisse du niveau marin et representant des "Shelf Perched Lowstand 
Wedges" dont 1' existence avait ete recemment envisagee 
(Posamentier et Vail, 1988) 

Les periodes de remontee du niveau marin relatif correspondent 
a la mise en place, au-dessus des surfaces de ravinement, du 
remplissage des vallees incisees puis des corteges transgressifs 
retrogradationnels ici peu developpes du fait sans doute du taux 
important de remontee ; lorsque leur epaisseur est inferieure a la 
limite de la resolution sismique, la surface de ravinement 
apparait comme marquant une limite de sequence. 

L'unite tout a fait superieure, situee au-dessus du prisme de 
bas niveau le plus recent, peut etre subdivisee en un cortege 
transgressif, marquee sur le plateau ext erne par des terrasses 
retrogradationnelles' et surmonte pres du continent par les 
clinoformes de la partie distale du cortege de haut niveau. Celui
ci atteint son plein developpement au niveau de l'appareil 
deltaique du Rhone qui s 'est edifie par progradation depuis la 
peri ode de ralentissement de la transgression Holocene. 

Ces etudes sont menees dans le cadre du programme D.B.T. "Message 
Sedimentaire et Paleobiologique". 
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Most fan constructions were set up as sequential units which 
reflect the cyclic variations in relative sea-level . The main 
depositional features can be related either to constructional processes 
(overbank deposits) or to destructive ones such as gravi tationa 1 
failures High quality acoustical data are needed to recognize 
internal characteristics, patterns and unconformities and to identify 
the re 1 ationship between deposits in order to carrel ate high frequency 
sea-level changes with the resulting stratigraphic sequences. 

The poster presented i 11 ustrates the main deposit ion a 1 features 
which are well developed at the top of the upper constructional series 
of the Rhone fan (northwestern Mediterranean Sea, France). It is the 
first contribution of .a research programme which began in November 1989 
(SARECO cruise) using a deep-towed sonar and 3.5 kHz profiler ("SAR", 
Systeme Acoustique Remorque) . 

The construction of the Rhone fan began at the end of the 
Messinian cr1s1s which was followed by the flooding of the 
Mediterranean Basin during the Plio-Quaternary period . The fan was fed 
with terrigenous material discharged by the Rhone River and transported 
through the Petit Rhone Canyon . Its structure results from the 
stacking-up of sedimentary bodies superposed during four main 
successive phases ("basal 11

, 
11 lower", "upper" and "surficial" series 

(DROZ and BELLAICHE, 1985). The surficial series is well displayed only 
to the west. Therefore the "upper" one can be observed elsewhere . It 
shows at its top, on both sides of the fan, two large sedimentary 
bodies which contain chaotic or transparent seismic facies interpreted 
as debris-flow deposits, The eastward transparent unit has been mapped 
over 5100 km2 . It reaches 160 m in thickness and represents about 
170 kmJ (BELLAICHE, COUTELLIER, DROZ et LE CANN, 1990). It originated 
from the remobilization of previously stratified deposits . The 3.5 kHz 
1 ines and sonograms have shown scarps with truncated strata at the 
location where the movement was initiated . Sliding of sediments 
deposited on both the continental slope and deep-sea channel levees are 
documented . 

Geotechnica 1 properties of sediments (water content, 
plasticity and cohesion) were determined at the eastern limit of the 
western transparent unit (BOUYE, 1983; MEAR, 1984). A poorly cohesive 
grey si 1 ty mud body (CU < 40-50) was found to lay unconformably on. 
cohesive silty mud (CU ranging from 40 to 80) . It thickens away from 
the limit of the unit and is overlain with thin Holocene recent grey 
mud, separated by an oxidized layer dated of 11.000 yrs B.P .. These 
variations of the geotechnical properties of the grey silty mud can be 
assumed to illustrate the abnormal superposition of the destabilized 
unit over the levee overbank stratified autochtonous deposits . 

The uppermost construction ot the deep-sea fan is due to a 
1 arge extent to gravity induced mass transport which affected poorly 
compacted water-rich sediments on steep slopes and channel levees . 
These processes are assumed to have occurred mainly during the 
interglacial period and especially sea-level initial lowering (COLEMAN 
and ROBERTS, 1988) . Efficient new tools are still needed to study and 
correlate the major processes operative in deep-sea environments during 
the high frequency cycles of sea-level of the Quaternary . The SAR 
survey has provided such detailed information . 

This programme wi 11 be developed and complemented by coring 
and in situ geotechnical measurements both in stratified and 
remobilized sedimentary units in the Rhone fan. 
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So far, three scientific deep sea drilling cruises have been 
conducted in the Mediterranean: DSDP Leg 13 in 1970, DSDP Leg 42 in 
1975, and more recently ODP Leg 107, in 1986. 

DSDP Leg 13 was chiefly devoted to the first global exploration of 
the recent sedimentary cover of the domain. the results focused on 
one of the specific catastrophic . event that occured in the 
Mediterranean : the Messinian dessication-salinity crisis. These results 
have allowed discussions and speculations on the significance, 
reasons and consequences of this paleo-environmental catastrophe, 
that occured some 5 MA ago. 

DSDP Leg '42A, also facing the Messinian salinity model. allowed to 
illustrate the complex and puzzling evolution of the present 
Mediterranean, made of recent back-arc type basins developing in 
the middle of Mesozoic oceans remnants as a consequence of the 
Africa-Europe convergence. 

ODP Leg 107 recently focused on a transect study of the most 
recent the Mediterranean sub-basins : the Tyrrhenian Sea where 
opening processes also interact with the Messinian dessication event. 
Both the drilled sedimentary and basement sections have allowed to 
better understand and tentatively model rifting and magmatic 
processes that occur in response to a collision controlled opening and 
subduction. 

Since 1986 and the COSOD II conference, many reports from 
various ODP structures have strongly recommended to look both 
towards global perspectives and new frontier experiments. After nearly 
twenty years of successful results in the Mediterranean, we believe that 
it is also time to propose drilling operations. that should a dress global 
prospects. In this challenge we believe that the Mediterranean Sea 
can play Its part. As stressed during a previous Mediterranean ODP 
worshop held in Athens (1988). the Mediterranean represents the only 
area in the world where two large continents are progressively entering 
collision, therefore the Mediterranean is the only area where processes 
at colliding continental plate boundaries can really be studied. 

In organizing this second workshop, we are concerned by a triple 
goals: 

1.- to propose global scientific targets that can be addressed using 
new development in drilling technology (deep hole); 

2.- to combine if possible deep drilling with in situ (logging) and 
possibly nearby geophysical experiments; 

3.- to preserve further use of holes for future potential in situ 
experiments that may be organized using other platforms 
(drilling, submersible). 

We believe that potential ODP programs for the Mediterranean 
sea will be successful! only if these goals are reached under 
lnternatlonaly managed team. 
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L'Origine de Ia Flore des lies Baleares : Endemisme, Paleogeographie, 

Paeozoologie, Anthropologie 

Angels CARDONA 

Laboratori de Botanica, Facultat de Ciencies, Universitat Autonoma de Barcelona, Bellaterra, Barcelona 
(Espagne) 

Il faut distinguer, aux Baleares, deux groupes d'iles par leur age, 
leur vegetation et leur ctimat: les Baleares orientales et les Baleares 
i>cci dent ales. 

- Les Baleares orientales comprenant Majorque et Minorque (40ID :; ; 
millions d'annees) possedent le Quercion ilicis , L'Oleo-Ceratonion qui 
constituent souvent un refuge pour quelques endemiques, et un Rosmarino
Ericion appauvri dans Lequel manquent des taxons iberiques et, enfin, plu-
sieurs communautes endemiques formant la vegetation caracteristique. 

Le cl imat de type mediterranean est relativement humide. 
- Les Baleares occidentales ou iles Pithyuses avec Ivice et Formen

tera < 200 millions d'annees) mont rent l'absence du Que rei on il icis alors 
que l'Oleo-Ceratonion est bien represente et un Rosmarino-Ericion a carac
tere iberique. 

Aux Pithyuses, une soixantaine d'especes sont communes avec le Sud
Est·ae la Peninsule iberique et ne se trouvent pas aux Baleares orientales. 

Le climat, mediterraneen, est plutot sec. 

L • endemi sme vegetal, aux Ba lea res, se presente comme un phenomene 
tres complexe qui depend de nombreux facteurs essentiellement historiques 
attaches a la ; paleographie de la Mediterranee occidentale et lies a 
l' i solement insulai re, genetiques, ecologiques et anthropogenes. 

Une partie importante de la flore endemique des Baleares orientales 
constitue,avec une part de celle de la Corse et de La Sardaigne, un ele
ment paleogene commun, mediterraneen et developpe " in situ " sur un an
cien massif hercynien qui, pendant l'Oligocene, se fragmenta (derive du 
bloc corso-sarde). Les taxons tyrrheniens(16), communs aux iles citees, 
l'existence de paleo-endemiques <21), de patro-endemiques (9) et de schi
zo-endemiques a aire de distribution de type fossile (30) montrent l'ancien
nete de cette flore endemique. Il en est de meme pour la faune. En effet, 
les aires~' de distribut.ion de plusieurs endemiques renforcent cette 
hypothese: Planariae, Tenebrionidae, Formicidae, des rongeurs ainsi que d'au
tres mammiferes ••• 

La formation de l'archipel des Baleares remonte a L'orogimese alpine. 
L'erection des Chaines Pre-Betiques qui se termineront par un eperon jou
xera La partie degagee. du massif hercynien. 

Les affinites floristiques entre les endemiques des iles Pithyuses, 
de rang- souvent subspecifique, avec des taxons du Sud-Est de l'Espagne et, 
parfois ·au Nord de l' A.frique montrent des phenomenes de speciation dont 
l'origine est moins ancienne que celle des endemiques des Baleares Orientales. 
Les schizo-endemiques recentes (21) et les apo-endemiques (12) indiquent 
une activite evolutive relativement recente au sein de la flore balearique. 

Cette activite est en relation avec la paleogeographie: le Messinien 
et les glaciations. Pendant la premiere periode, le fort dessechement de la 
Mediterranee a provoque des emersions considerables de terres permettant des 
echanges floristiques et faunistiques ( Afrique du Nord, Sud-Est de l'Es
pagne, iles Pithyuses , Baleares orientales ) • Le passage du rupi caprain 
Myotragus de la Peninsule iberique aux Baleares date de cette epoque. 

L 'ouverture du detroit de Gilbratar, ulterieurement, retabl ira l' i sole
ment insulaire. La differenciation et l'evolution ees taxons se poursuivra 
sur place comme le preuve La presence de nombreuses endemiques inchoactives 
(17). 

L'action anthropogene fut et est encore tres forte. L'arrivee de 
l'homme aux Baleares causa La disparition des Myotragus qui avaient subi 
une evolution tres remarquable et, seton toute probabilite de celle de 
tous les animaux endemiques et de nombreuses plantes. Une des causes prine 
cipales fut l'introduction par l'homme d'animaux , de plantes et de graines 
pour leur utilite. Il est cependant difficile de preciser quelles ont ete 
les plantes introduites et leur action sur les endemiques. 

La flore des Baleares dont l'origine mediterraneenne est surtout pale
ogene apparait actuellement comme une flare tres active en pleine evolution. 

CARDONA, A. & J. RITA. 1983. Aportaci6 al coneixement de la flo 
ra balear. Folia Bot. Miscellanea 3 35-42. -

CARDONA, A. & J. CONTANDRIOPOULOS. 1983. Chromosomic numbers re 
ports (Pres. A. Love). Taxon, 32 : 323-324. 

CONTANDRIOPOULOS, J. & A. CARDONA. 1984. Caractere originale de 
la flare endemique des Baleares. Bot. Helvetica, 94 101-132. 

CARDONA, A. 1984. Caryosystematique et differenciation evoluti
ve de quelques Rubia mediterraneennes. Webbia, 3& : 513-529. 

CARDONA, A.; J. CONTANDRIOPOULOS & E. SIERRA. 1986. £tude biG
systematique comparee d'Anthyllis hystrix (Willk. ex Bare.) 
comb. nova et d 'A. hermanniae L. Orsis, 2 : 5-25. 

CARDONA, A. 1986. Ganoderma lucidum nova per a Menorca. Folia 
Bot. Miscellanea, 5 : 147. 

GOMEZ-CAMPO, C., A. CARDONA et al. 1987. Libra Rojo de especies 
amenazadas de la Espana peninsular e Islas Baleares. ICONA. Ma
drid. 

CARDONA, A. 1988. El m6n vegetal. Enciclopedia de Menorca, tomo 
2. Ed. J .M. Vidal. Ma6. 
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I-12 
Biotopes de l'lle de Tinos (Cyclades, Mer Egee Centrale) et leur 
destruction : milieux humides sous !'influence de l'eau douce et 

saumatre 

Nikolaos KYRTATOS 

Centre de Recherches Marines et Cotieres, Tines (Grace) et lnstitut fUr Meereskunde, Kiel 1 (R.F.A.) 

Com.rnuneut€-s v€.:-€teles des ?""' lieux hu-:'l-i-des 
• = espece etranc;;ere,introduite a Tines; (.ttJ = espece orobeblement etren-
t;ere, introdui te e Tines. p = nre$eonco: I = 1-20% des €-Chantillons; ..... . 
v = ~1-100% des eche.ntillons; l=presence aux echantillons,si leur nombre 

:~~ ~~~~~~:~~ ~= ~~~~~ ( ~) -~ 4;;~:=s~~~e e~~~ti~~~~~i~l~n~~~~u;~~~p~~~~r= 
sporedique et recouvrement -< 5 %; l : rec~uvrement <5 %; 2~ = recouvrement 
5-15 %; 2b = recouvrement = 16-25 %; 3 = recouvreraent 26-50 %; 4 = recou
vrement 51-75 %; 5 = recouvrement 76-100 %.Loce.li t€s des invente.ires B. 
Tines: E = est de Tines; PSE = Porto au sudest de Tines; SE = autres loca
li -:es eu sudest de Tines; S = sud de Tines; NO = nordeuest de Tines; N .= 
n~~d de .T~no:; HE = nordest de Tines; T = total. Les esp~ces .carecteristi
ques au· d!.fferen tielles des cor..mWlautes (associations, ifl.c!.es ou ·categories 

st:perieures) sont soul~i::~::~· ruH-j ruH- mih- kerels ~e.ra1s ln;e.r~s rnera1s 

Ce.tegorJ..es des b~otopes ee.ux a -:eeu.:x: s~~ux eux h~" Phra~~ PhraJ e. Jun li Ar.,-
Plete. e Plat a Ne- ~des tes ru. tes ~cus e.- nonln-
us or1 us et F~um :- Ar eustr et Ju cutus s:-ene-
ntal~~ Ner:1unl ~lean ao do 1J..s u.s e- r!.a 

aer nax ut'..!s 
l! 0 des ca<:e;or1es 1 2 3 4 5 _ 7 3 

Recouvremen< vegeu.l (,;) bO- 9~ 55- 80~l0-1001o0-10J 7C- 31"100 ~-:;-100 ~100 
Inclinaison (o) 5-4 20- 3 2- 401f1 -2 f 1 f 1 f 1 f 1 
Altitude (m) 30-28 50-20 1- 60 0 •1 0- 1 0,2-1 2-1,5 0,3 

Diste.nce de 'a mer (km) 1- t 10.5-l.'>O.Ol-1 002-D.'JQ02-0.1,_02-0.2 0.02-l 0.02 
,-~· d { hiver l938-l~S9 rov.-jan.ljenviei]<iec"j~ec.-je.!'ji·Lo':lj dec.-janfQ12.88 
- e.H e hiver 1989-1990 ldec.-ja"{21.1289po>:-je.nil3.ll.83 pov.-dec 

leur loce.li tes a Tinos 3 S 1 SE Sr.+1 1 NO + 1 S + 2 T 12 S - l T 
Nomhre des invente.ires et l SE + 13 E + ~0 ~SE+~1 PSE+IlPSE + f PSE ~ 6 PSE+ I: PSE 

= 4 1 = 4 T l~i=l~; N=5 T ~ ~ T 1: i9N~ 

~~~~a~~~1~~t,~n~;~~;tinum ~I g=~ 4 l-2b li g=1+ I I 0'- + 
Rubus :ruticosus ulmifolius 412a-3 3 0-2e !II 0-4. (:x 

Vi tis vi:Iifera ~-

I 0- + l + 
rr o-2e 

Populus alba 2 -2 1 0-1 I 0-1 
Se.lix elbe. ~ 4 2e-3 

~~~;~a sh:~i~s ~I o:;: 2 o-1 

I 0-+ 

Cyclamen hederi foli u.m ll 0-l 2 0-1 
. Cyclamen species 2 0- + 
(~)Populus nigra l 0-1 

~~~~~= ~~~~~~~ 11 0-~f>. 2 0- + 
Rhe. .. .'r ... "l':lS alate~nus l 0-2e .. 
Pa::-ie~:a:-ia lusi t2nica 1 0-l 
Pa=ieta:-ia of:ficinal~s 1 G-2a 

1 o- + rr o- + 

N°oeo cetet"ories I l I 2 1 I 4 I I 6 \ 7 I 8 

P R \r R R \P R \PI R \PI R \r R \PJ R 

A~~£~~::u~!~m~:;vener~sjl2 c-1 ~~~g=: ~~~g=~~ \ I ~:~~ 
v~tex s;;nus- cestus l 0-l 2~0-2eill C-A 0-l 1 1 

Ner~um oleander li g::~ ~~ ~~l4 {W-f g= :li 0-2e I! O-l 
~~~!::-~~~~~s~irte 41 + 1rr0-2' 0-

1 ¥I g=f i 2t 
Mathiola sinua"ta 1~0-1 x 
Ne.rcissus tazetta I 0- + 

i;f~~~~~~~;;;r~~~m~~s I 1 1°-+ r~=i lrlo-+IIIO-+ II O-l I 
"Artmdo Clone.x 2 0-2b 4 1-2b •II 0-2&~i 0-5 I 0-1 I 0-1 
(<o)Arundo species Ill 0-1 1lJ...Q=A.. I O- + 

g~;~~oi~m~~i~1 species) x rrlg~ib ~ g=? 
pi-,ragrr.i tes aus<ralis I 0- + I 0- + ~~ 2 3 N 0-2b 
June us acutus l 0-1 2 0- + r~0-2b N 0-1 III •

10

o-_2+a 2 2a V ,2a-5 1 2a 
Carex extense. 'fT(5:l l + 
Sa.molus vel.erandi ll' i 0- + 
Sonchus .ervensis -- 1 I 1 0- + 
Scorzonere. perviflora 1 0- + T o + ~ 

Agropyron pycnanthu:n I ~- + ~ 

i!?J~L¥m:~:: ,_, : :: ~ ~T· , ::: m ' 
~t~~~r~~~u;~;i~us -+ rr 1 o-?a 
Daucus snecies I C- + 1 0-2b~ 1g:;el 
Scirous holoschoenus · 210:.. + !I! C-l II 0-1 1rr 0- + rrr:! 0-2o 1 

~!~~~~~~u!a~~=~~:~e 2

1
1 10-1 

Cynodon dectylon I O- + 1 °- + I 1°- +' 
Ononis S'Oinose I 0 _ + 1 0 - + I !O- + 
Lotus co!-niculatus frjg:; 
Gera."1iU.'11 species I 0- + 1It0- + 

~Cynosurus echinat.us 2 +-3 ~~·o0-_22 ba 
~~~:~;:.~xp:~e~i~:pre.e 1 0- + 4 +-1 Ip: 0-2a I 0-2b I 0- + 1 0:-1 u 

CynE.nchum· ecutwn I v- + 1 0 _1 ~~g=i 28 

Lirnoni U.'TI species I 0- + 1 O-l II 10-3 
Chaeto~orphe. species I 0-2e T 10 1 
.Arthrocner:::um glaucu:n i 1

1
0- + 

J..-crinlex hs.stete I 0=+ 

i~~~~~~~~s j~~~:~s I 

10
_1 I C- + IT 0-20 

· ·' · rr 0-2a I O- + O-l rn:w!g=~! l 
~=~-~~~~~.d;-s.~~~~:~~:p·eces ! 

On peut distinguer 4 communautes principales: a) L 1 association de 
Platanus orientalis et Salix alba (qui appartient au Populion albae) 
le long des ruisseaux vers 1 1 interieur de 1' ile; b) celle de 
Nerium oleander et Vitex aqnus-castus (qui appartient aux Tamarice
talia) le long des ruisseaux cotiers; c) un Scirpo-Phragmiteturn 
aux marais en eau douce et d} 1' association de Juncus acutus (Juncion 
rnaritimi,. probablement un faci'es du Juncetum maritima acuti) aux 
marais en eau saumAtre. Toutes ces formations, de valeur fondamentale 
pour la survie des organismes rares, 1' equilibre ~cologique et le 
climat, ainsi que Porto, qui est leur lieu le plus remarquable,. sent 
en danger immediat par 1' urbanisation, le tourisrne, la pollution. 
Les formations des milieux hurnides de Tinos a Ammoehila arenaria et 
celles a Arundo donax proviennent de la destruction des formations 
autochtones originales. 
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Annual Evolution - Activity and influence of the Goat in two Insular 

Biotopes Island of Naxos, Cyclades, Aegean Sea, Greece 

St.-N. MAG lORIS and G.-M. TSIOURLIS 

Section of Ecology and Taxonomy, Department of Biology, University of Athens (Greece) 

In the SE part of the island of Naxos,at the locations Sideroboul<i and 
Troulada,we studied the annual evolution and the activity of the goat,and its 
influence upon the vegetation of the region. We also compared the results of 
an experiment of controlled pasturing against that of the traditional free 
pasturing which is done on these islands. 

The biotopes which were under investigation consisted of phryganic and 
macchia vegetation. The main plants were: Thymus capitatus, Genista acanthocla
dos, Quercus coccifer-a, Pistacia lentiscus. The soil is characterised by the 
red mediterranean soil with intense erosion and the absence of leaf litter 
except under some shrubs. The island is characterized by a semi -arid medi ter
ranean climate.In this area, during the summer period of drought, Ye usually 
have temperatures higher than 40°C, Yhile the mean rainfall does not exceed 
380 mm per annum,Yith some intense fluctuations. 
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RESULTS AND DISCUSSION: During l1arch of 1984 Ye selected an experimental 
group of 22 animals (20 females,2 males).These animals remained Yith the other 
goats of the flock until the beginning of July 1985 Yhen the rotation grazing 
experiment yas started. In l1arch of 1985 Ye had fenced in this region an aroa of 
2.4 Ha.In July Ye divided the experimental group in to '\;Yo equal neY groups of 
11 individuals.One of these Yas transferred in to the fenced area, (Yhich had not 
been pastured during the previous 4 months),Yhile the other remained Yith the 
Yhole flock to be used as a control group. The experimental-animals remained 
there for 3 months,Yhile from the beginning of August they Yere given supple
mental food of oats and vetch, (0.3-0.4 Kgr;goat;day). The Yater required by the 
animals Yas brought in from a neighbouring Yell, by means of a pump. The next 
year, the experiment Yas repeated Yith another neighbouring flock Yith animals 
of the same age as the previous one. 

FIGURE B. Coarse of tho rm>an w•lglrt of tho goats during fro• and 
Exp9rim.nt~l P•sturing. 
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The main aim Yas to avoid grazing upon vegetation during the period of the 
spring groYth.The time required is 40-60 days,because the kerm oak, (Quercus coc
cifera) the main food in the diet of the goats Yill have completed its annual 
groYth in this time. This aim could be achieved by rotation grazing. In this way 
the vegetation can be protected especially during the spring, a period,during 
Yhich the danger of intense goat activity and influence interrupting even future 
plant gro>lth, is very high. 

The results of the annual evolution and experiment are given in Figures A, B. 

CONCLUSIONS: 1. The traditional management of the flocks of goats Yhich is 
employed on the islands of the Cyclades is based on the special abilities of 
resistance and adaptation of the native goat to the climatic conditions. It 
permits the animals to make use of the sclerophylus vegetation during the year. 

2. The general condition of the flocks is not satisfactory. There is a high 
fluctuation in the percentage of mortality, 0-32%, especially in the immature 
animals. There is also a remarkable decrease in the goats Yeight during the sum
mer months. This happens because the continuous and axtn;me grazing does not alloY 
a normal groYth of the vegetation Yhich in turn depletes the vegetation's own 
nutrative reserves .And as direct result we have a decrease in the vegetation's 
nutrative value as a food. Finaly, it observed a low reproduction among the goats 
of ages less than tYo years,Yhile animal productivity is medium to low. 

3. The course of the mean Yeight of the goats was: At birth 3. 3 Kgr, during 
the first spring of its life 8.0 Kgr and 14.6 Kgr at the beginning of the summer. 
Later, in the summer a reduction in the weight Yas observed and during the autumn 
it stabilized at 13.8 Kerr. 

4. The experimentation proved the positive role of unpastured spring on the 
animals as Yell as of the provision of supplemer,tary food during the critical 
dry period. By the end of the experiment Ye had a percentage of 8% in favour of 
the experimental group,and this means a fresh biomass increasee of 2.1 Kgrjgoat 
and a simultaneus decrease of 0. 5 Kgr ;control-goat .For the immature animals the 
results Yere more visible.We had 23.5% in favour of the control immature goats. 
During the second year of the experiment we have the same type of evolution 
Yith different quantitative results because of an unusual yintering drought. 

5. ·Finally Ye should note that in this study, even if the positive affect of 
the unpastured spring vegetation is not very clear, Yhi 1 e the result of the sup
plementary food is more visible, it is certain that: with a rotation system of 
grazing Ye assist the vegatation to be 11)ore tolerant to future goat activity. 
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1-14 
Sur le Peuplement Microfaunistique de deux llots 
Volcaniques de Ia Cote Mediterraneenne Espagnole 

Enrique GADEA 

Departement de Biologie Animate (Zoologie), Universite de Barcelona (Espagne) 

Summary 

In this paper is studied the lichen inhabiting microfauna in 
two tittle islets of Spanish mediterranean coast, particularly the 
nematofauna. Some regards on ecological and faunistic aspects 
are exposed. The nematocoenosis is very representative, with 
detritophageous and saprobiontic forms almost exclusively. 

Resumen 

Enesta nota se estudia el poblamiento microfaunistico 
/iquenicola en dos isfotes volcanicos del litoral mediterraneo 
espana/, particularmente Ia nematofauna. Se expone algunas 
consideraciones sabre los aspectos ecologicos y faunisticos. La 
nematocenosis es muy representativa, con formas detritofagas y 
saprobionticas casi exclusivamente. 

Nous avons etudie, dans le cadre de cette recherche, deux 
llots d'origine et de nature volcanique, mais ayant des 
caracteristiques differentes : le Columbrete Grande et l'lle Mayor. 
Dans le premier cas, il s'agit d'un ilot du petit Archipel des 
Columbretes, a 35 Km au large de Ia Cote continentale lberique 
(Castellon}; dans le second cas, l'lle Mayor est situee dans une 
petite mer littorale, Ia Mar Menor (Murcie), au SE, pres du Cap de 
Palos. 

En ce qui concerne ces deux sites, il s'agit d''i'lots de nature 
eruptive, mais tandis que les Columbretes sont de roches 
volcanique basique (type basaltique), l'lle Mayor est constituee de 
riparites et riolites recentes, probablement plioceniques, avec 
des andesites, d'ou !'interet de comparer le peuplement 
microfaunistique de ces deux ilots. 

Le materiel preleve comporte exclusivement des Lichens 
(Xanthoria aureola) dans tous les echantillons. La nature de ce 
materiel est tres uniforme dans les deux llots ce qui a permis 
d'etablir des comparaisons tres valables, avec une certaine 
similitude dans les resultats. II s'agit de petites masses de 
Lichens dont Ia reaction au milieu est acide (pH = 5-5,5). 

La microflore · est relativement pauvre en bacteries, mais 
revele une abondance de Cyanophycees (Nostoc, Oscillatoria). La 
microfauna hydrophile presente des Rotiferes, Tardigrades, 
Thecamoebiens, Cilies et Nematodes. La composition relative de 
cette biocenose hydrophile est approximativement Ia suivante 
(par ordre de dominance) : Tartigrades, 40%, Cilies, 25%, 
Rotiferes, 20%, Nematodes, 10% et Thecamoebiens, 5%. 

Nos etudes ont essentiellement porte sur Ia Nematofaune. 
les resultats concernant les Nematodes sont les suivants : 
Pelodera (P.) teres, 42%, Ditylenchus intermedius, 19%, Pfectus 
cirratus, 13%, Panagrolaimus rigidus, 10%, Tylenchus (F.) 
filiformis, 8%, Mesodorylaimus bastiani, 3%, Rhabdolaimus 
terrestris, 2% et Aphelenchoides parietinus, 2%. 

Du point de vue ecologique, on constate que l'on retrouve 
essentiellement des elements detritophages et saprobiontiques 
(representes par des Tylenchoides, 12%, des Araeolaimoides, 32% 
et des Rhabditoides, 50%), des elements bryophages (representes 
par des Dorylaimoides, 6%) dans un seul echantillon, avec une 
espece (Mesodorylaimus bastiam) et enfin, une absence totale de 
formes predatrices (Mononchoides et Tripyloides). 

Dans l'ordre faunistique, les especes decouvertes sont 
propres aux biotopes de ce type : il s'agit d'une Nematofaune 
caracteristique bien definie. · Elles sont de formes communes et 
cosmopolites dont !'interet biogeographique est tres faible. II taut 
cependant tenir compte du peuplement recent de ces petits ilots 
volcaniques. 
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Chondrichthyes, Osteichthyes, Amphibia, Reptilia et Mammalia, 

recenses a Porto (lie de Tinos, Mer Egee) 

Nikolaos KYRTATOS 

Centre de Recherches Marines et Clltiares, Tinos ( Grace) et lnstitut fUr Meereskunde, Kiel (R.F.A.) 

.~breviations. m : abondant a Porto ; + : observe a Porto ; r : rare a Porto ; a : 
observe dans d' autres secteu_rs de Tinos ; i : presence reperee par traces, repaires, 
emissions sonores, ect .. . ; x : presence constatee d' apres photos, descri ption·s ; 
* : especes introduites ; A : 1980-89 ; B : 01.10.88-31.01.89 ; C : 26.06.89 -
19.07.89; 0: 13.10.89- 10.01.90. 

Chondrichthves A- B C 
Scyliorhinus ccnicula 
Scyliorhinus stellaris 
Mustelus mustelus 
Geleorhinus galeus 
Prionace glauca 
Soualus acenthie.s 
squatina squatina + 
Rhinobe.toS rhinobatos a 
Raja rnontagui 
Raja esterias 

Osteicht~1ves A B 
Sardine. pilchardus 
Se.rdinella a uri ta 
Engre.ulis encre.sico"'lus 
Synodus saurus 
Myctophum spec. 

11-Carassi us suratus 
Anguilla anguilla 
Mureene. helena 
Conger conger 
Ariosoma. baleetrium 
Belone belone m + 
Hirundichthys rondeleti a 
Trisopterus minutus 
Phyci s phyci s m + 

GaidropsE.rus medi terreneus + 
Gaidroose.rus v.ulge.ris + 

MerlUccius merluccius m 
HippoceJn!)US ramulosus 
Syngnathus species 
Syngnathus typhle 
Zeus faber + + 
Sphyraena Sphyraene. + 
Mugil cephalus m 
Chelan labrosus 
Oeda1echi1us labeo 
Liza aurata 
Liz a re.ma da 
Mugilidae ( 2:1 ,species) 
A therina mochon 
A therine. heosetus m ;n 
A therina boYeri m 
Atherina species 
Dicentrarchus labrax + 
Epinephelus caninus a 
Epinephelus gue.ze + 
Epi nephe lus al exendrinus· + 
Epinephelus aeneus + 

Chondrichthves 
Raja miraletus 
Raje. radu1e 
Raja clavate 
Raja oxyrhinchus 
Raja sp.(species A) 
Raja sp.(species B) 
Da:Syatis pastinaca 
Myliobatis aquila 
Torpedo marmorate 
Torpedo nobiliana 

A B C D 

+ 
r 

Osteichtiwes A B C D 
Chromi.s chromis m 
Le.brus bimaculatus r 
Lebrus viridis 
Labrus merula 
Symphodus medi terraneus + 
Symphodus ocelletus 
Symphodus doderleini + 
Symphodus tinea m 
Symphodus cinereus 
Symphodus roissali 
Symphodus rostratus 
Symphodus melanocercus 
Caris julis 
Thale.ssoma pevo 
Xyrichthys novacula 
Soerisome. cretense 
Ti--c>chinus ere.neus 
Trechinus draco 
Trechinus redietus 
Echiichthys vipera 
Uranoscopus scaber 
Blennius gattorugine 
Blennius senr.;uinolentus rn 
Blennius sphynx 
Blennius adriaticus 
Blennius rouxi 
Cristiceps ergentatus + 

Tripterygion tripteronotus + 
m Ophidion berbatum + 
m Gymnammodytes cicerelus 

Callionymus maculE'tUs 
Lepi do pus caudatus 
Scomber scombrus 
Scomber jeponicus 
Serda st=lrda m 
Euthynnus e.lletteratus 8 
Thunnus thynnus 

Osteichthves A B 
Serranus cabrilla 

C D Osteichthyes A B C D 
Auxi s rochei 

Serranus scri ba 
Serranus hepatus 
Anthie>.s anthias 
Apogon imberbis 
Trachurus trachurus a 
Trachurus medi terreneus m 
Trachurus picturatus 
Caranx rhonchus + 
Carenx crysos . + 
Seriola dumerili 
Lichia am.ia 
Trschynotus ovatus 
Coryphaena hippurus 
Sciaena umbra 
Puntazzo puntazzo + 
Diplodus sargus rn m 
Diplodus vulgaris 
Diplodus annuleris 
Li thognethus mormyrus 
Pegellus acerne 
Pagellus bogaraveo 
Pagellus erythrinus 
Sparus pagrus 
Sparus eurate 
Dentex dentex 

Xiphies g1edius 
Gobius niger 
Gobius bucchichii m 
Gobius cruentatus rn 
Gobi us cobi tis m 

Zosterisessor ophiocephalus+ 
Pomatoschistus minutus m 
Scorpaena porcus 
Scorpe.ena scrofa 
Scorpe.ena notate 
Scorpaena maderensis 
Trigla lucerne 
Trig18 lyre 
Eutrigla gurnerdus 
Trigloporus lastoviza 
As pi trig1e cucu1us 
Lepidotrigla ce.villone a 
Peristedion cetaphractwn a 
C eohalacenthus voli tans + 
Boihus podas 
Arnoglossus laterna 
Arnoglossus thori 
Lepidorhombus boscii 
Scophthalmus rho~r.bus 
Psetta maxima + 
Pegusa lascaris m 
Pegusa kleini 

Dentex a-.acrophthe.lmus a 
Spondyliosoma cantherus + 
Oblade melanura m 
Se.rpa selpa 

+ + Solea vulgaris +? 

Booos boops 
SpiCara maena 
Spicara flexuosa 
Spicara smaris 
Mullus surmuletus 
Mullus barbatus 

Amnhi bie 
B'iliOViri di s 
Hyla arboree 

A B C D 

Microchirus ocellatus 
Monochirus hispidus a 

Symphurus nigrescens( larvae'a. 
Balistes carolinensis a 

Lepadoga.ster lepadogaster + 
Lophius piscatorius 

Amnhi bia A 5 C D 
Rene ri di bunda m i 

Rentilie 
~hermanni 
Testudo rnargine.ta 
Emys orbicularis 
Mauremys caspica 

A B C D Reotilia A B C D 
+ + 
+ + 

Ce.retta caretta + 
Hemidactylus turcicus m 
Cyrtodactylus kotschyi 
Lacerta trilineata + 

i~~=-~~~~a:r(~r~~!cies) m m : 

? Anguis fragilis 
Ab1eph8rus ki teibelii 
Eryx jacu1us 

Coluber juguleris ca.spius m 
Elephe quatuorlineata + 
Ne.trix natrix 

? Natrix tessele.ta 
Telescopus fallax 
Vipers anunodytes 
Seroentes ( 1 soecies ) 

+X 
m 

Memmelia A B C D Mam:nalia 
Vulpes vulpes 

A B C 
Er~ europaeus concolm + + i? 

Rhinolophus species + 
Chiroptere ( "'1 species) + 

Jlr Oryctolagus cuniculus + 
Lepus caoensis 
Rodentiat~l species) 

~t Rattus rattus 

+ + 
+ 

Meles meles + +xi 
Mustela niveolis + + 
Ma.rtes foina +X 

Felis s~silvestris x lybica 
Monachus monachus 
De 1 phinus de 1 phis 

Canis aureus + i i +?i Cetacee. ( 1 soecies) 

+ 
+ + 

Recherches realisees dans le cadre d' un programme de l' Un1vers1.te d' Athe
nes (Prof.J .Mr.<sakinl 
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1-16 
L'Avifaune de Porto (lie de Tinos, Mer Egee Centrale) 

Nikolaos KYRTATOS 

Centre de Recherches Marines et Clltieres, Tinos (Grace) et lnstitut fiir Meereskunde, Kiel (RFA) 

Especes observees a Porto 

m a en masse A Porto; + c observes A Porto; r • rare A Porto; a a autres r6gions 
de Tines; x - informations se basant sur des animaux conserves, des photos ou 
autres t6noignages. 
A R 1984-1989; B • 1.12.88-10.1.89; C • 26.6.89-19.7.89; D • 13.10.89-10.1.90 
Le tableau suivant contient mes observations les plus recentes pour la region 
de Porto, qui se trouve au sud-est de Tines (Cyclades). Les oiseaux avec les 
plus grands vols sont soulignes dans le texte. 

A B C D A B C D 

Podiceps auri tus 
Podiceps ruficollis 
Podiceps niericollis 
Podiceps species 

? Gevia stelleta 
Hydrobates pelagicus 
Puffinus puffinus . 

+ + 
+ 

Calonectris diomedee. m 
Phale.crocorax aristotelis + + 

Phalacrocore.x cerbo a 
Pelecanus onocrotalus 
Pelecenus crispus 
Ardea cinerea 
Ardea purpurea 
Egretta garzetta m 
Ardeola ibis r 
Nycticore.x nycticorax +X 
Plegadis falcinellus 
Phoenicopterus ruber 
Cygnus o1or 
Anser anser 
Anas platyrhynchos 
Anas querquedula 
Aythya fu1igu1e 
Aythya nyroca 
Anatidae ( ~l species) 
Mergus merganser 
Gyps fulvus 
Gype8tuS barbatus 
Aquila chrysaetos 
Hieraaetus fasciatus 
Buteo buteo 
Buteo rufinus 
Pernis apivorus 
Circus aeruginosus 
Circus ( cyaneus?) sp. 
Circus species 
Accipiter brevi pes 
Circaetus gallicua 

+ + 
rx 

+ 
+ + 

+ + + 
e " + a? 

+? 
+ 

Accipi tride.e ( l species) 
Pandion haliaetus + a? 
Falco peregrinus 
Falco eleonorae 
Falco tinnunculus 
.Falco ( naumanni?) sp. 
Falco ( vespertinus?)sp. 
Falco soecies 

??Tetrao Urogallus 
Alectoris chuker 
Coturnix coturnix 

+ + 
+ 

Fulica a.tra a 
Che.radrius alexandrinus + + 
Gallinago gellinago 
Scolopax rusticola 
Numeinus arquata 
Tringa erythropus 
Tringa totanus 
Tringa hypoleucos 
Tringe species 
Calidris rninuta 
Scolopacidae A 
Scolonacidae B 

+X 
mx 

Larus · marin us + + 
Larus argentatus micheh. m m 

A thene noctue 
Apus e.pus 
Anus melba 
Aicedo 8tthis 
Merops e.piaster 
Upupa epops + 

?Ca1tmdrella brachydactyla + 
Alauda arvensis m + 

+ Galerida cristata 
r Lullule arborea 
r ? Eremophila alpestris 

HirWldo rustica 
Hirnndo de.urica 
Delichon urbica 
Ptyonoproe:ne rupestris 
Motacilla flava 
Motacilla (cinerea?) sp. + + 
Motacilla alba + + 
Anthus pratensis m +? 

Anthus spinoletta spinolet. 

+ 
+ + 

Anthus cempestris 
Lanius collurio 
Lenius (senator?) sp. 
Lanius excubi tor 

+ + 
m +? +? + 

Lanius minor 
Bombycilla gerrulus 
Troe;:lodytes troglodytes 
Acrocephalus scirpaceus 
Hippolais icterina 
Phylloscopus collybi ta 
Phylloscopus sibiletrix 
Sylvia etricepilla 
Sylvia melanocephala 

+? Sylvie cantillans 
Regulus ignicapillus 
Ficedula parva 

? Muscicapa striata 
Saxicola torquate. 
Saxicola rubetra 
Eri thacus rubecula + + 
Phoenicurus ochruros m m 
Phoenicurus phoenicurus + 
Luscinia mage.rhynchos + 
Oenenthe oenanthe m + 
Oenanthe hispanice. 
Monticole. soli tarius 
Turdus philomelos 
Turd us vi sci vorus 
Turdus pilie.ris 
Turdus merula 
Turdus torquatus 
Parus caeruleus 
Remiz pendulinus 
Emberiza schoeniclus 
Emberiza calandra 
Emberiza cirlus + + 
Emberiza (citrinella?)sp. 
EJTJberize cia m + 
Emberiza species 
Fringilla coelebs 
Fringilla montifringilla 
Serinus serinus 
Carduelis chloris 
Cerduelis spinus 

m 
+ 
+ 

+ + 
+? 
+ 

m 

+ 
+ 

m +? 
m 

+ 
+ 
8 

+ 
m 

:n 
m + 

Lerus audouinii + + Cerduelis carduelis 
Acs.nthis cannabina 
Fringillidae ( lspecies) 

m m m m 
m +? m 

m? 
e 

Larus cenus + + +? + 
Larus minutus 
Larus genei 
Larus ri di bundus 
Risse tridactyla 
Chlidonie.s niger 
Sterna hirundo 
Sterna species 
Sterna sendvicensis 
Colu:nba li via 
Streptopelia turtur 
Otus scops 

+ + 
+ 

+ + 
m 

Passer domesticus 
Passer hispaniollensis 
Passer species 
Sturnus vulgaris 
Oriolus oriolus 
Ce.rrulus glandarius 
Pica pica 
Corvus monedula 
Corvus corone 
Corvus corax 

m + 
+ 

+ 
~. " 

+ + 
+ 

Parmi les oiseaux nichant a Porto, on trouve: Phalacrocorax aristotelis, 
Falco eleonorae, Larue argentatus, otus scops, Athena noctua, Alcedo athis, 
Galerida cristata, Corvus corone, Columba livia (cette derniere es~ce au
jourd'hui seulement sur la cote au nord de Porto). Pendant toute l'annee, on 
rencontre a Porto: Ph. aristotelis, Buteo buteo, Falco tinnqnculus, L.argen
tatus, G.cristata, Motacilla alba, Sylvia melanocephala, Emberiza calandra, 
Carduelis carduelis, c. corona, c. corax. On y observe des grands vols sai
sonniers d'Egretta garzetta, Coturnix coturnix, Tringa erythropus, T.totanus* 
L. argentatus, Streptopelia turtur, Merops apiaster, Alauda arvensis, G. cri
stata, Hirundo rustica, Delichon urbica, Anthus pratensis, Lanius collurio, 
Acrocephalus scirpaceus, Hippolais icterina, Phylloscopus collybita, Sylvia 
atricapilla, Saxicola torquata, Phoenicurus ochruros, Oenanthe oenanthe, o. 
hispanica, Turdus philomelos, Emberiza calandra, E. cia, Carduelis carduelis, 
Acanthis cannabina, Sturnus vulgaris, C.corone, ainsi que des es~ces non 
identifiees appartenant aux familles des Accipitridae, Scolopacidae (A et B) 
et Fringillidae. Porto est le plus remarquable lieu de passage pour les oi
seaux migrants vers les Cyclades. On a une grande variate de biotopes (gar
rique&, maquis, ruisseaux, marais, dunes, falaises rocheuses, milieux ma
rins). Plusieurs especes deviennent de plus en plus rares, depuis 2 ana en
viron, a cause de la destruction des biotopes, due principalement a l'urba
nisation. 

Rapp. Comm int. Mer Medit., 32, I (1990). 
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Geographic Structure in the Genetic and Morphological Differences of 

Populations of the Genus Albinaria in the Aegean Region 

A. AYOUTANTI•, C.-B. KRIMBAS•, M. MYLONAs•• and J. SOURDIS• 

•Department of Genetics, Agricultural University of Athens, lara Odes 75, Athens 11855 (Greece) 
''Department of Ecology and Systematics, Biology, University of Athens, Panepistimioupolis llissia, Athens 

15771 (Greece) 

The genetic polymorphisms and the morphological variatio~s by which 
the natural populations of taxa belonging to the polytypl.c mollusc;m 
genus Albinaria differ among themselves in the islands of the Aegean 
archipelago and the adjacent continental lands of eastern Greece have 
been investigated in order to uncover the patterns of these 
differences and thus eventually attribute them either to historical 
(paleogeographical, anthropogenic or due to "recent" dispersion 
accidents) and/or ecological causes. 
An electrophoretic study of 27 genetic markers was carried out in 31 
Albinaria populations belonging to 15 different species and several 

sub;species (their number varying according to the opinion of different 
taxonomists) :14 populations covered the cyclades, 4 the eastern Aegean 
islands, 8 Crete and the Gavdos island and 5 the eastern Greece 
including the Antikythira island. From the data gathered the between 
populations genetic distances were estimated using Sourdis distance 
estimator; the application of the Neighbour Joining Method on these 
distances provided the most reliable dendrogram, depicted above. 
This tree is in good accordance in general with the accepted taxonomy 
of the genus, clustering together populations of the same species 
found in the same island; furthermore this tree displays an apparent 
geographic structure (it joins the populations of eastern Greece first 
with those of Crete and then with those of the east cyclades). The 
features of this tree are not easily explained by the advocacy of 
ecological factors but more easily understood as produced by historic 
causes. one possibility is that the topology of the tree uncovers the 
existence of ~n old land bridge, the Cretan arc, uniting the 
Peloponnesus through Crete with Asia Minor; another possibility is 
that the structure is due to more recent migrational events between 
nearby lands separated by sea barriers, events extremely rare but not 
of impossible occurrence. 
on the contrary the study of 18 quantitative and 10 qualitative 
characters regarding the external morphology of the shell in 23 of the 
31 populations examined electrophoreticaly, does not provide a clear 
picture, when all characters are considered together, as the 
electrophoretic markers do. The dendrogram constructed from distances 
based on these morphological characters and using the same method for 
tree construction, produces a dendrogram showing a patchiness rather 
than an overall geographic structure. But the tree constructed when 
the qualitative characters are only used shows a definite resemblance 
to the genetic (electrophoretic) tree mentioned earlier. Simulations 
showed that it is extremely unlikely this resemblance to be the result 
of mere chance. Thus we may conclude that qualitative characters, some 
of which are used in the taxonomy, have a distribution governed also 
mainly by the same historical factors. on the contrary the 
quantitative characters, responsible· for the patchiness displayed by 
the tree based on the totality of the morphological characters, have a 
geographic distribution attributed and shaped by selective factors. 

Quolitat:lve choroetero: 

ANAPHI-1 

KNOSSOS 

VAMOS 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 
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L'lnsularite : qu'est-ce que cela veut dire au juste ? (Propositions 
emanant de faits qui se rapportent aux lies de Ia Mer Egee) 

J. MATSAKIS 

Departement. de Biologie (Ecologie-Taxonomie), Universite d'Ath9nes, Athanas (Grace) 

au en est-on aujourd'hui avec le •concept• de l'Insularitli:? Peut-on affir
mer que le sene que lea biologistes - zoologistes, kologistes, biog~ogra

phes, en particulier - attriobuent a ce terme et qui se rattache essentiel
lement A un isolement-confinement •physique•, ait pu voir sa dimension bio
logique mieux degag~e qu'il y a quelques ann6es? Et surtout: - Dans quelle 
mesure pourrait-on :prt\tendre que tous lea aspects, 6voqu§s par lea una et 
lea autres, apparaissent actuellement mieux reli~s lea una avec lea autree, 
viennent constituer un ensemble suffisamment coh~rent et s • inscrlre sur un 
fond bioloqique, plus .ou mains particulier le cas ~ch~ant, mala qui s•a.rti
cule clairement avec lee notions fondamentales adopt~s . a priori par chaque 
speeialiste? 

En nous restreignant au d~part A des faits relev~s dans le aecteur gOO
graphique 6g~en. nous discuterons tout d • abord de la port~e de '"1' isolement 
et du confinement" et d6velopperons ensuite une ririe de propositions qui 
nous semblent ramener lea chases A leurs justes proportions. 

L•Isolement-barriE!re. 1/ En Eg~ la barri~re marine (quelques km A quel
ques di.zaines de km) n•est jamais absolue, loin s•en faut: ainsi si l'aire 
de r~partition de certaines es~es, voi.re des repr~sentants d•un genre, ad
met quelquefois des limites d6finies par la •barri4lre• marine s~parant une 
tle du continent ou deux tles entre elles*, il ne se trouve pas un seul cas 
oU cette mAma "barri~re• ne soit absolument ignor6e par divers autres taxons 
zooloqiques**. (La. repartition insulaire des 16za.rds et serpents suffit en el
le-m&le pour r6aliser la difficult6 d'une interpretation univoque des faits). 
2/ Remplacer le terme •ba.rriere• par celui du •filtre• - 6voqu6 couramment. 
par lea palOOntologistes - pr~sente parfois des avantages, mais n•est pas 
suffi.sant, non plus, pour expli.quer la majorit~ des ph~noaNlnee relev~s .. 
3/ Enfin, la pr~sence d•es~ces end.6niques sur chaque tle de l•Eg6e prati
quement, ne veut nullement dire que 1• on ne rencontre pas d 'end~iques par
tag6es par deux, trois ou davantage d• .tles diff4rentea, pas forc&lent vel
sines i.immediates l (Nous nous permettons de rappeler A ce sujet que nous 
avions d6jA insistS sur le fait qu•il n'y a pas un seul cas oil l•aire de 
r4partition de deux eapeces end~iques, parmi lea centaines connues en Eg6e, 
coincide exactement) • 

Le Confinement-aire disponible de •petites* dimensions. 1/ En consid~rant 

la gamm.e allant de quelques dizaines A 1000 jusqu' A. 2000 km2 env.. de super
fie i.e (autrement dit, la tr~s grande majorit6 d'I.les sur lesquelles on pos
sMe des donn~es suffisantes de comparaison), on ne saurait trouver des in
ceo de d~st§qullibre flagrant des bioc6noses .et des faunas, au nivea.u des 
invert6br~s, voire de peti.ts vert6br6s .. (Le cas d"'un ~osyst&ne relativement 
sui vi, celui d 'un maquis clair A Naxos, a revel6 une richesse et una diver
sit~ faunistique tr~s peu diff&entes de eel lea d • koeysttlmes analogues du 
continent .. Naxos, dans son ensemble# poss~de une fauna reptilienne composH 
de 10 espE!ces appartenant A 10 genres diff6rentsl). Ce n'est qu•au niveau 
des plus grands mammifE!rres, connus des pal6ontologistes# que la fauna n'a 
pu l!tre *(;quilibrOO•. 2/ S'il est certain qu'au-dessous d'une valeur, le pa.
ram~tre superficie influe qualitativement et sous plusieurs rapports sur la 
composition, la richesse de la fauna, des bioc6noses et des r6seaux OOologi
ques et sur lea caracttlres a.daptatifs des es~ces participant, on ne saurait 
mettre en evidence un caract~re commun valant pour l .. ensemble des tles at 
pouvant· atre expl.icitement associ6 A 1• insularit6 .. 

A la suite de cela, nous nous permettrons <P affirmer que lea composan
tes •borizontales"" - espace, discontinuit6 relative, pass4!!e ou pr6sente, 
plus ou moine longue, etc - sent absolument insuffisantes (et pourralent 
m&le Atre trompeuses 1 ) pour saisir ce qui se passe ne aerait-ce que dana le 
cas de la faune d' una seule I.le ou dana la cas d 'un seul groupe zoologique 
consid~r4 dans !'ensemble des !.lea.. Les ph6nom.Anes sont indiscutablement 
moins simples et il est Avident qu • il faut 6largir · l•optique en prenant 
aussi en consid~ration lea composantes •verticales•, 8\ltrement dit lea re
lations entre constituants des bioc~noses et des faunas. Ceci paratt d'au
tant plus indispensable qu' il semble offrir des possibilit~s consistantea 
d • introduire dans ce mba d&at lea manifestations lea plus• impressionan
tes" apr4la tout de l•:rnsulari.t~, telles le nanisme et le gigantisme et main
tee adaptations inattendues et variAes que pr6sentent d•espAcea ou formes 
vivant dans lea tles. 

Lea deux d~veloppements qui suivent aideront l prkiser notre poi.Dt de 
vue quant A !•importance r&:iproque des composantes •horizontales• et •ver
ticales" .. 

1/ :Il nous semble que 1• on oublie trop la discontinuit6 fond.amentale de 
1' aire de r6partition de toute espk"e ou taxon et de la tendance g6n6.rale l 
une diversi.t6 maximale, •en tout point• ei l'on puis dire, et c•est ainsi 
que 1• on tend A surestimer la discontinuit6 entre terres et mara ( 1• insula
r it~ notamment), etc. En fait, cette derni~re se superpose A celle-lA, peut 
accentuer plus ou moine localement sea implications, mais ne saurait chan
ger au fond la nature des chases. 

2/ A notre avis, l'enseignement essential et fondamental de •l•insulari
t6• consiste bien mains dans lea particularit6s, en elles-m&les, de maintes 
esp4lces et populations vivant dans lea tles (aussi a.ttrayantes qu'elles puis
sent parai.tre), qu • au fait qu 'elle nous aide A saisir: - d 'une part, la por
th des proc!essua dynamiques et lea interd6pendancea qui sont en oeuvre dana 
lee conditions "banales• et normales, non-insulaires, - et, d. .. autre part, 
la souplesse et lea potentialit6s formi.dables des organismes.. Soua ce rap
port, 1' insular itA nous fait toucher du doigt la complexit6 du r6seau :fon
ctionnel (lea com.posantes •verticales•) auqual est integr6 chaque constitu
ant clans un syst~ normal, ~panoui, en m&.le temps que des intard6pendances 
entre r6gulations A tout niveau (cycle biologique, taille d • individus, rOle 
dans lea bloc~noses, adaptabilit~s diverses, voire •compatibillt6s" taxono
miques 1). Ce sera it l •lipanouissement insuffieant du syst1lme, l 'amoindrisse
ment ou le rel8.chement du r6seau qui permettraient la manifestation de telle 
ou telle autre "partlcularlt~· - plus ou moine al~atoire· et plus ou moine 
transitoire le plus souvent. 

En fin de compte, le probl&ne le plus crucial qui se pose est de com
prendre comment lea interd~pendances-r6gulations multiples et r6ciproquea 
- dont la r6alit6 ne fait aucun doute - jouent. Hotamment, comment la atru
re faunistique at bioc6notique se met en place, ella ae reconstitue aana 
cease et tend toujours A un 6talement et A une diversi.t~ maxima. Il ne eau
rait s'agir de "niches• prt1-existantes qui attendant de se remplir, mais 
plutOt d'un eystllme de positi.ons taxonomiques-faunistiques qui se cr6e et 
ae met en place, 6tant rapidement induit par lea potentialit6a des ~l~nts 

concrete qui se trouvent lmpliqu6s l chaque phase. c•est lA un probl&le cen
tral, celu.i-lA mba auquel on se heurte encore c:lfls que l 'on essaie de pous
ser la synth~se, que ce soit en partant de la b.iog~raphie et de la diver
eJ.t6 faunistJ.que, ou de 1'6cologie, voire de l'6volution au eens large ..... 

* Parmi lee cas controvers6s, rappelons celui de Rhodes par rapport au con
tinent "et par rapport a Karpathos ou celui d' Ikarie par rapport aux Cycla
des et par rapport A samoa, etc. 
•• Lea lnterpr6tations bioge§-ographiques apparaissent fr6quemment contradi
ctoires suivant le groupe consid6r~, p .. ex.. orthopt4lres ou mollusques,. di
vers autres groupes d'insectes ou isopodes, diplopodes etc. 
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Monitoring Strategies of Marine Pollution 

Michel JOANNY 

IFREMER • Centre de Brest, Departement Environnement Lilloral, B.P. 70, 29280 Plouzane (France) 

''!i:lnitorin;J" in the context of the assessment arrl protection of 
the marine ~t, has been defined as the repeated measu.re:rent of 
an activity or a contaminant or of its direct or .irrlirect inpact. In 
practical terns, monitorin;J can fall within the followin;J three 
categories : 

110nitorin;J for regulation purposes (control) i 
monitorin;J of levels arrl treros; 
monitorin;J for scientific purposes. 

'Ihe monitorin;J for scientific purposes is generally the main step 
for establish.in;J monitorin;J of levels arrl treirls whidl in turn 
provides useful information for definin;J the paratOOters of control 
(monitorin;J for. regulation purposes) • 

In oz:der to define the monitorin;J p:rogranmes of the marine 
environmeht the follc:Min;J qJerational objectives, which have a high 
degree of mrlversality, mJSt be taken into consideration: 

Protection of human health; 
Protection of marine life arrl its environment; 
Assessment of levels arrl treros. 

!blitorin;J activities con::erning the quality of the marine 
envircnnent were develcp:rl arcun:i the world as the scientific knc:~lledge 
of the problems whidl had given rise to such activities was a~. 
In fact sanet.i.mas monitorin;J activities preceded such ~ledge.. It. 1S 

thus legitimate to review the strategi~, un::l~~Y.m:J llOIU.tor.m:J 
progr<imrnes. Ha.~ever, such a review arrl possible revJ.sJ.o~ pr~ a 
critical look at the results obtained in pursuing the ob)ectJ.ves set. 

In this context, ·the author has carried out an in~epth assessment 
of the l!Onitorin;J OClllpOnent of the "IDn;J term l!Onitorin;J arrl research 
prcgranrne on pollution in the Mediterranean Sea" (MED POL Phase II) of 
the United Nations Environnent Progranrne (UNEP) • 

'Ihe main recx:mnendations based on this assessment are the 
followin;J: 

M:nitorin;J objectives mJSt be refornulated in a mxe oOOerent 
way in order to make planning =re ocmprehensible arrl 
effective; 

It is necessary to reaffirm the crucial =le of the 
JOOnitorin;J of polluticn soorces; 

'Ihe first essential Iilase is to establish beyon:i the shad<:7.v 
of a claJbt the baseline contamination levels, before 
establishin;J Permanent progranmes for certain areas of 
special concern; 

A biological effects monitorin;J prcgranrne mJSt be devised arrl 
inpleoonted within the MED POL framework; 

'Ihe quality assurance progranille for results mJSt not only be 
continued brt: reinforced as well; 

At the same t:il!le, all research efforts which might add to the 
general knowledge of the marine environment mJSt be 
eooooraged in order to prcm:>te the optimization of monitorin;J 
progr:amnes. 
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L-12 
Pollution Problems in the Mediterranean and Relevant Research 

Priorities 

Y. HALIM 

Faculty of Science • Moharram Bay, Alexandria (Egypt) 

Concern anon;r the scientific CC1111!1Uility about the deterioration of 
local Mediterranean environnents since the early 1960s irrluced FAD arrl 
ICSEM to convene a series of international conferences which stimulated 
pollution research in the Mediterranean. Attention ~ to have been 
focussed at first on the inpacts of urban effluents, radioactive, oil 
arrl theJ:mal pollution arrl, later, on trace metals arrl synthetic 
organics. 

Soon, numerous pollution research projects, either national, 
bilateral or sponsored by the EEC or UN Agencies were initiated in 
several parts of the Mediterranean. Sane exanples are: 

ASCOP, the Italian-Yugoslav Cooperative Project in the 
1\driatic Sea, 
EROS, the Project on the Eul:'q;lean River Ocean System, 
MAST, the Marine Science arrl Technology Prcgranrne, 
(the latter two EEC sponsored) 
FOEM, the Itlysical Oc:leanograftly of the Fast Mediterranean, 
arrl 
PRIM) I the International Research Prcgranrne in the Western 
Mediterranean sponsored by IOC arrl IC'lEM. 

Ooordination between these numerous research efforts is still 
lackin;J. A recent World Bank initiative in the Mediterranean is 
directed at management arrl protective measures. '!he MED FOL Prcgranrne 
launched by UNEP in 1975 remains the only co-ordinated research arrl 
monitorin;J prcgranrne erxx:ttpaSS:in;J all Mediterranean coontries. 

In spite of nmiy limitations, the Pilot IiJase of this prcgranrne 
develcp:rl the infrastructure, irrluced baseline pollution research arrl 
laid the grourxl for Rlase II. 

Rlase II eno::mq;assed twelve research activities arrl maintained an 
assistance OClllpOnent, but no order of priority was assigned to the 
research areas. SUbstantial scientific infonnation has been generated 
on epidemiological hazards, toxicity arrl bioaccumulation of selected 
substances, eub:1::::plication arrl abnormal plankton blOClllS, ecosystem 
m:xlifications arrl on the biogeochemical cycle of specific pollutants. 
'!he quality arrl relevance of the data, hc:Mever, are uneven arrl the 
geographical =verage inadequate. Sane prcgranune readjustments are 
needed for the cc:min;J MED POL Rlase. '!hey shoold aim at the selection 
of a smaller number of priority research areas, the quality assurarre 
of the data arrl a better geograFbJ.cal =verage. '!he dloice of priority 
areas shoold 00ey certain basic =iteria: 

(a) the geograFbJ.cal-scale: Mediterranean-wide problems shoold 
be addressed in priority; 

(b) the time-scale: lon;rer time-series are required to 
differentiate backgroun:i treirls fran slow ant:hrc:pogenic 
changes; 

{c) the scientific data-base: a nultidisciplinary data-base on 
the coastal ~c processes shoold be develcp:rl; 

(d) the socio-economic pressure: the assessment of the 
inevitable cx:msequences of the anticipated de!oograpti.c 
stress on Mediterranean ecosystems is one of . the first 
priorities; 

{e) the inplementation of the Protocols arrl their Annexes: 
research should aim at the continuous inprovement of the 
Annexes by upjatin;J them or proposin;J amerx3ments as 
appropriate. 

'l'ald.n;r in a:>nsideration the :reccanmerrlations of Mediterranean 
scientists the past experience of MED FOL arrl the conclusions of 
GESAMP on 'the state of the Marine Environnent, six priority research 
areas are proposed: 

1. '!he CClllpiil'ative study of a specific Mediterranean arrl basin
wide ecosystem, the Posidonia ccmm.mity. 

2. Eutrophication, lon;r-term nutrient build-up arrl the dynamics 
of abnormal plankton blOClllS. 

3. '!he inpacts of anticipated global climate change arrl the 
developnent of Mediterranean mcxlels. 

4. The coastal oceanographic processes, fluxes and 
biogeochemical cycles. 

5. 

6. 

'!he air-borne fluxes of pollutants in the Mediterranean 
basin. 

'!he cx:msequences of present arrl anticipated coastal arrl 
inlarrl developnents arrl the resultin;J irreversible damages to 
the coastal zone. 
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L-III 
Problem of the selective partitioning of trace metals in various 

sediment size fractions 

Boris S. KRUMGALZ 

National Institute of Oceanography, Israel Oceanographic & Limnological Research, Tei-Shikmona, P.O.B. 8030 
Haifa 31 080 (Israel) 

The geochemical cycle of anthropogenic trace metals in the marine 
environment is determined to a large degree by the interactions of the metals with sediments. 
One of the parameters affecting trace metal distribution in various sediment fractions is 
fraction dimension. Therefore, it is recommended that studies related to th"e anthropogenic 
heavy metal contamination of sediments be conducted on a particular sediment fraction: either 
on the sediment fraction less than 0.063 mm, or less than 0.250 mm. The generally accepted 
opinion is that the smaller the size of the sediment fraction, the larger the amount of trace 
metals bound to this fraction, and that trace metals are mainly present in the clay/silt fraction 
consisting of particles with grain size less than 0.063 mm. We studied trace metal distributions 
in various sediment size fractions for southern Haifa Bay (Israel), and were surprised to observe 
an anomalous fraction distribution of trace metals and organic matter (Krumgalz, 1989): 
namely, unusually high enrichment of trsce metals and organic matter in the fractions of 
coarse and medium sand (fractions with particles larger than 0.250 mm). The curves 
characterizing either trace metals (cadmium, copper, lead, zinc and iron) or total or~anic matter 
content distributions on various size sediment fractions have a clearly defined mimmum, like a 
"saddle", for the fine sand fraction of grain size 0.125-0.250 mm. The unusual enrichment of all 
the studied trace metal and organic matter contents in the coarse and medium sediment 
fractions ( > 0.250 mm) was sometimes even more than the enrichment of the same elements in 
the clay/silt fraction. The explanation of the observed phenomenon was suggested to be the 
formation of large a~glomerates (clusters larger than 0.250 mm) from the smaller particles 
enriched by contammants. The formation of such large agglomerates occurs during the 
generally accepted drying procedures, all of which are carried out without prewashing the 
studied sediments. During any drying procedures (either freeze-drying or heating), the small 
sediment particles will be cemented both by dissolved organic matter and by sea salts, present 
in the marine sediment, to form large agglomerates. Since small sediment particles are 
enriched by various contaminants, kept on their large specific area by adsorption forces, the 
total amounts of either trace metals or organic matter retained by each agglomerate particle 
will be much larger compared to the amounts which could be adsorbed only on the outer surface 
of such an agglomerate. 

The formation of large agglomerates from small particles during the drying 
procedure will lead to biased distribution curves for such sediments with an increase oi the 
large size sediment fraction at the expense of the smallest sediment fraction. The results 
obtained demonstrate that the standard mechanical sieving procedure and other sample 
treatment operations are not vigorous enough to destroy the formed agglomerates. We are sure 
that such an abnormal fraction distribution can probably be corrected by careful washing of the 
studied sediments with distilled water before any drying procedure. However, such prewashing 
may cause another problem: how will the prewashing affect trace metals or organic matter 
loosely bound on the sediment surface? The agglomerate formation can also lead to incorrect 
results related to the balance calculations of various contaminants, and will manifest itself 
when various fractions are used for trace metal studies. Until now, this phenomenon was only 
observed at a single site, i.e. Haifa Bay. However, we believe that such agglomerate formation 
is a widespread phenomenon and could be observed at other locations with similar sediment 
treatment. The possibility of the formation of large agglomerates from small contaminated 
particles should be seriously considered when developing standard methods related to studies of 
the anthropogenic metal contamination of sediments. 

The widely used "fingerprint" approach to trace the sources of local pollution or 
of fine sediment fraction movement in particular polluted areas can be used only under certain 
conditions (Krumgalz, 1988). Among them are the absence of significant trace metal 
fractionation and sediment fractionation. Therefore this approach cannot be automatically 
recommended to be applied to any case of sediment pollution studies. This approach can give 
correct results only for sediment fractions where agglomerate formation does not occur. 
Another question is, how do trace metal distribution "fingerprints" for an area with only a point 
pollution source depend on sediment fraction size? In order to answer this question, we studied 
trace metal distribution in various sediment size fractions in which agglomerate formation was 
not observed. As a study case, we chose the polluted area in the southern part of Haifa Bay with 
only one source of contamination (Krumgalz, 1988; Hornung et al., 1989; Krumgalz et al., 
1989/. Regression analysis of the data obtained in this study demonstrates that the sediment 
fractions 0.125-0.250 mm and 0.063-0.125 mm have similar trace metal distribution 
"fingerprints" in most cases. However, the finest fraction ( <0.063 mm) possesses "fingerprints" 
of trace metal distributions which differ from the other fractions, with a few exceptions. It may 
be ~oncluded, on the basis of selective partitioning of trace metals in various size fractions, that 
s~di_ments should not be compared only on the basis of chemical composition unless they have 
Sinnlar textural characteristics. In the obtained resultS, profound selective partitioning of some 
heavy metals (especially lead) between various grain size sediment fractions was observed. It 
was found that the lead background increases with a decrease in. the fraction size: 15.8 ± L8 
ppm (_fraction 0.125-0.250 mm), 21.3±2.6 ppm (fraction 0.063-0.125 ID.ID.), and 38.0±3.0 ppm 
(fraction <0.063 mm). The background lead content for the sediment fraction <0.250 mm 
(generally recommended for studies dealing with pollution) is 17.1 ± 1.8 ppm. All these lead 
background values found for Haifa Bay sediments are in good agreement with those 
determined by various authors and reviewed by Scoullos (1986). 

The results obtained in this study show that some methodological 
recommendations dealing with studies of trace metal contamination of marine sediments 
tt~~1i~~u~=~~o~~~~~ly reconsidered, especially after new observations are obtained, such ·as 
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Chemical forms of metals in floes formed during sludge dumping in 
the sea 

Ronald J. GIBBS' and Michael ANGELIDIS .. 

'Center for Colloidal Science, College of Marine Studies, University of Delaware, Newark, DE 1 9716 (U.S.A.) 
.. Environmental Studies. Papadiamantopoulou 2, 115 28 Athens (Greece) 

Tl\BLE 1 

Total and dissolved concentration of metals 
in Bowery Bay Treatment Plant sludge 

-----------------------cd-------c:;------c:~------j;;;;------:pj;------z;:;----

fi~~:~l~:~'t~g/1 > ----8:~~g----43j~;--7EH;--47E~~--:1r~~--16E~~;-
i~~=~~~:l ____________ i:~.:~l ___ i~.:~~l __ i~.::~l __ i~.:~~l ___________ i~.:~~l-

CONCLUSIONS 

diff~~~n~0I~ fg:u~~:J:~~fcf~~h~i ~~gis ~sb~t:~~~it~~a~ir§~~~g~mical 
small floes which are formed after the dumping of the sludge J..nto the 

~~!i: t~~e d~I~e sl~~d ~~~~g s:tH~g61i~r.;~' c~~~~i~~n~h:o~~tt~~ 
the metals J..n tge oxi~izable phase I organic matter and sulfides l, 
and therefore, easily available to £he marine organisms living J..n 
the area. 

to lg~g~~e <;l~~~:~c~:ngy tg~ ~~~~~fs ~~~~f!~s m~~tc~f~he~~ ~~~~~~0I~ed 
~~=il~e~~~I~~lep~~~e upgi~"gy ~~~d~i~~d 0~~:~1;~~ they are not 

The aboye col}clus.j.ons suggest that the area directly under the 
sludge dump1..ng SJ..te, J..s not only receJ..VJ..ng most of the mass of the 

~i~~~~t d~dbh~~c!ls~o~et~ta~~n c~~~tf~ege i~pf~~:n f'f,~ t~~a~~iin~re 
organisms in the area. 

The smaller floes, which travel ~reater distances f don't seem to 

a~K~~s~~~r~~~nte~~0~p~~:~f ~ss h~f~fi~n;l~~~!Y~njml,e~:~:~sfh~f~Y 
metal content J..S in a chemical form which is not easily available to 
the marine organisms. 
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Organic pollutants in marine environment· of the Montenegro Coast 

South Adriatic 
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'Institute of Oceanography and Fisheries, Split, P.O.Box 114 (Yugoslavia) 
.. Institute of Public Health of SA Croatia, Zagreb (Yugoslavia) 

Organic contaminants from several different classes were analysed in south

-eastern part of the Adriatic sea - Montenegro coast. To estimate the level of pol

lution the conents of organic carbon, total phenols and polycyclic aromatic hydro

carbons were analysed in sea water, while in sediments and marine organisms were 

determined the contents of aromatic as well as chlorinated hydrocarbons. 

The organic carbon concentration is a measure of content of organic matter 

and in the same time the measure of the productivity of system. 

Phenol compounds in aquatic ecosystem could be of synthetic or naturally 

occuring. The pathological effect of phenols on fish reffered to acute and subacute 

poisoning. 
Chlorinated pesticides (DDT and metabolites, ODD, ODE), polychlorinated 

biphenyls (PCB) and polycyclic aromatic hydrocarbons ( PAH) are ubiquitous pol

lutants which have a similar environmental fate. On the other hand they have quite 

different origins and can be used as a tracers for agricultural (DDT), industrial 

(PCB) and mixed industrial and urban contamination ( PAH}. 

South Adriatic is relatively low investigated and there is no information 

about organic pollutants contents. It was chosen 7 sampling ·stations (Fig. I} and 

the seawater, sediments, fish and shellfish samples were collected. 

The concentrations of organic carbon in seawater were analysed with acid 

bichromate titrimetric method and total phenols were determined colorimetrically with 

Ftg.l. 

antipyrine meth.od. PAH content in seawater, sediments, fish and shellfish were 

analysed with fluorescence technique (Perkin-Elmer 3000 fluorimeter} with conven

tional and synchronous scanning mode. Chlorinated hydrocarbons were determined 

by gas chromatograph (Pye Unicam 11550}. 

The concentrations of organic carbon in seawater ranged from 0.97 to 

4.19 mg C/dm3 what is in the same level determined in North Adriatic. 

The mean value of total phenol concentrations was 1.6 ,ug/dm
3 

determined In 

September 1988, while in December of the same year it was higher (11.0 ,ug/dm
3
}. A 

very small variability in results in water column shows a good vertical mixing of the 

sea masses. 
The total PAH contents in seawater were at all station below the detection 

limit of applicable method and are found to be 0.111 ug chrysene equvalents/dm
3

• 

The same values were determined in middle Adriatic and we can conclude that the 

seawater of the Adriatic sea is not contaminated with these compounds. 

Total PAH contents in sediments varied from 0.52 to 3.41 JJg/g. It was 

noticed the increasing trend in PAH contents toward the south, that could be 

explained with larger terrigeneous influence of Bojana river. 

The same group of aromatic compounds were also determined in marine 

organisms fish (~~}and shellfish (Lithophaqa lithophaga). The total 

PAH contents in fish ranged from 0.66 to 3.08 JJ9/g while in shellfish it was not 

determined the large differences in PAH contents between samples and it ranges 

from 0.22 to 0.73 }Jg/g. All values of PAH content are given in chrysene equivalents 

and in relation to dry weight. 

The synchronous mode of scanning was also applied for all samples of 

sediments, fish and shellfish. From the obtained spectra it is evident that fish and 

shellfish accumulate most aromatics with two rings while in sediments beside these 

compounds it was found also aromatics with five and more rings. 

Chlorinated hydrocarbons in sediments were generally low and not always 

presented. It was found a larger amount of these pollutants in fish and shellfish 

especialy DDT and its metabolites. 

The contents of HCB in fish varied from 0.01 to 1.27, HCH from 0.01 to 

0.42, lindan from 0.28 to 2.26, pp'DDE 0.01 to 4.95, pp'DDD 0.01 to 0.84, pp'DDT 

4.17 to 15.14 and PCBs from 0.01 to 297.31 fJg/kg. The same group of compounds was 

also determined in shellfish and the results are as follows: HCB - 0.01 to 0.49, 

J,.HCH- 0.02 (mean value), lindan- 1.70 (mean value). pp'DDE.,- 8.18 to 14.42, 

op'DDT- 1.75, pp'DDD- 0.32 to 0.67, pp'DDT- 2.80 to 3.56, PCBs- 0.01 ,ug/kg. 
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Aromatic hydrocarbons contamination and characterization of 
sediments from larger seaports on East Adriatic 

Josip DUJMOV and Perica SUCEVlC 

Institute of Oceanography and Fisheries, Split, P.O. Box 114 (Yugoslavia) 

Aromatic hydrocarbons enter the environment via a wide range of activities: 

accidental and normal operation from ships, coastal drilling and production operations, 

refinery and other industrial effluent, natural seeps, municipal effluents and storm 

sewer runoff and atmospheric transport of combustion products of various fossil 

fuel compounds (FARRINGTON et al., 1983). 

Conventional fluorescence spectroscopy is a useful technique for analysis 

of aromatic hydrocarbons in marine environment. However, an improvement in 

resolution of the spectra may be made by varying the excitation wavelength mainta

ined 20-30 nm less than the emission wavelength (LLOYD, 1971). He has also been 

demonstrated that the wavelength of maximum emission is a function of number of 

rings in a molecule. 

Surface sediments (top S em) were collected with gravity corer from 6 

stations at a mouth of larger seaports on east Adriatic ( Zadar, Sibenik, Split, 

Kardeljevo, Dubrovnik and referent station Vis) during July 1988. The fluorescence 

intensities of hexane extracts were measured in one em quartz cells using a Perkin

-Elmer 3000 fluorimeter. 

The results of various types of aromatic compounds expressed as a· ratio 

between each aromatic group and total aromatics obtained with synchronous 

technique and the content of aromatic compounds analysed with fixed excitation 

wavelength technique are given in Table 1. 

Table I. T~e relative a~undance o~ each group of aromatic hydrocarbons presented 
an surface sed1m~nts obtaaned from synchronous excitation emission spectra 
and total aromatic content calculated from fixed excitation technique. 

Stations 2 rings 3 and 4 rings S and more rings Total 
aromatics aromatics aromatics aromatic 

contents• 

Zadar 0.38 0.42 0.20 4.50 

Sibenik 0.25 0.41 0.34 60.10 

Split 0.25 0.48 0. 27 28.99 

Kardeljevo 0. 71 0.23 0.06 1.44 

Dubrovnik 0.24 O.Ji2 0.34 20.26 

Vis 0.60 0.20 0.20 0.48 

• 1-J9 chrysene equivalents/g dry weight of sediments 

Examples of the types of relative abundance of aromatics are given in Fiu .I. 

2 rirtg!._ 3 and 4 rings 5 and mora rings 
if---;;-.--· 

· f-- SPLIT 

Fig. I. -.--=--
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j 
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According to the results obtained with this investigation it was established 

that the ratio of various types of aromatic compounds in sediments from a larger 

seaports of eastern Adriatic coast are of mixed origin of petroleum sources and 

pyrogenic inputs (fossil fuel combustion). 

The synchronous spectra of all samples (except from s~aport Kardeljevo and 

locality Vis) have high content of three and four rings compounds probably as 

consequence of larger entering the bunker oil in these high,ly industrialised areas. 

In seaports in which are determined the elevated contents of total aromatic 

hydrocarbons (Sibenik, Split, Dubrovnik) sediment is polluted also with larger 

amount of pyrogenic fossil fuel compunds. 

lt seems that light fuel oil discharged to seaport area of Kardeljevo is 

predominant aromatic compunds. 

FARRINGTON, J.W., E.D. GOLDBERG, R.W.RISEBROUGH, J.H. MARTIN and 
V.T.BOWEN, 1983. Environ.Sci.Technol., 17 (8): 490-496. 

LLOYD,J.B.F., 1971. J.Forens.Sci.Soc., II: 83-911. 
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Chlorinated Hydrocarbons in Red Mullet (Mullus barbatus) from the 

Greek Seas 

E. GEORGAKOPOULOS-GREOORIADESand V. VASSILOPOULOU 

National Centre for Marine Research, Hellinikon (Greece) 

This study reports on the concentration of PCBs and DDTs in the 
flesh of red mullet collected at 8 locations in Greek waters from 1986 
till 1988. Concentrations of chlorinated hydrocarbons and lipids were 
determined according to the procedure proposed by SATSMADJ IS ~ 
<1988). GC analysis was performed with a GC <Varian 3700) equipped with 
a 63 Ni electron capture detector and a fused silica Megabore column 
DB-1, 30m long. 

Figure 1. Mean concentrations 
of DDTs and total PCBs <ppb wet 
weight> in the flesh of red mullet 
from Greek waters. 
A: Alexandroupolis, B: Chios, 
C: Pagassi t ikos, D: Saronikos, 
E: Rhodes, F: Heraclion, G: Chania, 
H: Preveza. 

The higher mean concentration of total PCBs coincided with the 
shallow, enclosed gulf of Pagassitikos (52.6 ppb wet weight), where a 
considerable outflow of urban and industrial wastes takes place <Fig 
1>. The lowest value <2. 6 ppb) was detected off Rhodes island <open S. 
Aegean Sea) while in the other locations PCBs fluctuated between 5.6 
and 15 ppb. The main compound of DDTs was p, p' DDE <Fig 1). DDTs 
values ranged from 15. 2 to 25. 6 ppb at the 5 sites <A, B, C, E, F) of 
the Aegean Sea. Saronikos Gulf, although exhibiting high p.p- DDT 
values, displayed low concentrations of all other DDTs <8. 9 ppb). Low 
DDTs values were also found in the two locations off western Greece <8 
ppb off Chania and 11. 1 ppb off Preveza). 

Figure 2. Multidimensional scal·ing 
plot for 8 sites according to the 
concentration of PCBs and DDTs. 
A: Alexandroupolis, B: Chios, 
C: Pagassi t ikos, D: Saronikos, 
E: Rhodes, F: Heraclion, G: Chania, 
H: Preveza. 

M v 
Nonmetric multidimensional scaling performed on the mean 

concentations of PCBs and DDTs <Fig. 2>, using the PRIMER algorith:mS 
<CLARKE & WARWICK, 1989) revealed three groups of sites. Group I was 
formed by sites A, B, D, E and F <Aegean Sea), which exhibited 
relatively high DDTs concentrations, fact related to the extensive use 
of DDT on the close by Mediterranean coast of Asia and Africa during 
the last decade <P ICER & P ICER, 1978>. Site C <Pagassi tikos Gulf) 
displaying the highest PCBs concentrations was separated from all 
others <group I I), while sites G and H <western G"eece) presenting low 
values of both PCBs and DDTs formed group I I I. 

p 
g 

3a 3b 

Figure 3. PCBs, DDTs (3al and lipid concentration <3bl 
mullet, pilchard and bogue caught in the same area/season. 

in red 

Chlorinated hydrocarbon <Fig. 3a) and lipid <Fig. 3bl concentration 
values in red mullet were compared with those of two other species, 
Sardina pilchardus <pilchard) and Boops boops (bogue), caught in the 
same area/season. Both values were higher in pilchard and lower in 
bogue, as compared to those in red mullet. This possibly implies a 
positive relation between lipids and chlorinated hydrocarbons, as has 
been found in six species from the NW. Atlantic <STOUT, 1980>. 
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Within Recent sediments from Elefsis Bay, two types of geogenic and two types of 
anthropogenic organic matter may be expected: 

1: From autochthonous, biogenic marine organisms like phyto
and zooplankton as well as from benthos. 

2: Wind- or river transported plant debris (spores, pollen, 
plant tissues). 

3: Petroleum contamination from oil refineries, shipyards and 
harbour areas as well as other organic compounds from 
industrial sources. 

4: Sewage effluents from the Athens metropolitan area. 

The objective of our investigations is to provide an organic-geochemical survey of the 
sediments from Elefsis Bay, to identify the four above mentioned organic matter types and 
to establish the presence of potential anomalous organic concentrations. 

Sediment samples were taken in March and October 1989 using a modified Reineck corer 
on board the Greek R/V 'Aegeio'. Recovered sediments constitute about 80% clay plus silt, 
in which approximantely about one half is represented by carbonate and the other half 
predominantly by clay minerals. 
Many of our basic organic-geochemical results confirm the findings by VOUTSINOU
TAUADOURI & FRAGOUDAKI (1986) who determined total organic carbon contents (rOC) 
ofupto4%. 
Total content of soluble organic matter, as well as relative amounts of aliphatic to aromatic 
hydrocarbons to heterocompounds (N,S,O), doc not exhibit any significant variation, most 
probably due to the various sources of organic matter within Elefsis Bay. Only the 
concentration of aromatic hydrocarbons seem to monitor the proximity of industrial 
effluents. 

The individual types of organic matter were elucidated as follows: 
Macro- and microscopic observations indicate that the autochthonous biogenic, marine 
constituents of the sediments from Elefsis Bay are nearly exclusively made up of carbonate 
shells. Because shell particles are concentrated with the sand fraction, their regional 
contribution to the sedimentary input can be estimated via the carbonate content. The 
amount of preserved organic matter, however, has to be identified via the total organic 
carbon content of the sand fraction. As we have observed, most pelecypods and 
gastropods preserve at least some of their organic matter within their shells. 
Relative amounts of the marine versus terrestrial organic matter present within the 
sediments were evaluated by concentrations of the c15 to c18 versus c21 to c25 aliphatic 
hydrocarbon fractions. Within the sediments from Elefsis Bay, terrestrial plant material 
predominates. This is in accordance with the very close shoreline and the wind direction 
from the inland area. Nevertheless it can also be argued that anthropogenic contamination 
of Elefsis Bay has reduced the quality of living conditions for marine organisms and 
therewith the primary availability of marine organic matter. The stress factor within Elefsis 
Bay is especially expressed by the scarcity of marine species. 
As outlined above, a major contamination in Recent Elefsis Bay sediments is represented 
by petroleum together with other organic compounds. Within all anoxic sediments we 
found an 'Unresolved Carbon Mixture' (UCM) in the c15+ -aliphatic hydrocarbon fraction 
which seems to correlate to an UCM within the c15 +-aromatic hydrocarbon fraction. At the 
reference site outside Elefsis Bay, an UCM could still be identified, however, with a 
considerable lower concentration. No UCM was observed within the underlying oxic 
sediments. 
Preliminary investigations reveal that the UCM is confined to the clay fraction of the 
sediment, especially to its adsorption capacity as expressed by the size of specific surface 
area. 
The effects of sewage effluents within Elefsis Bay have not been evaluated so far. However, 
for this purpose, analyses of low-molecular-weight hydrocarbons are in progress. 

The incorporation and preservation of marine, as well as of terrestrial organic matter, in 
Recent Elefsis Bay sediments, has been demonstrated from the results of our organic
geochemical survey. 
Within anoxic sediments, organic, anthropogenic contamination is degraded to a 
considerably lower extent than within oxic sediments. As organic contamination seems to 
be strictly tied to clay minerals, we recommend detailed physico-chemical analyses to 
evaluate the chance and importance of potential remobilization processes. 
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comparably to larval bioassays, hydroid sensitivities to contaminants 
have been shown to be more relevant respect to other test organisms 
(3, 4). Results of experimental growth data with a single clone of 
the athecate hydroid Clavopsella michaeli (Berrill, 1948) exposed to 
single heavy metal contaminations (Hg++, CU++, Cd++) are provided 
here. The stock colony was collected at Ischia (Gulf of Naples) in 
May 1988, first record in Mediterranean Sea. One-week laboratory 
experiments and data analysis were carried out according to Stabbing 
(4), with few modifications (2). 

Before the appearance of morphological abnormalities or colony 
death ·(1), chemical stresses cause variations in growth rate 
depending on concentrations and relative toxicities of pollutants. 
Exposure to different concentrations of three metal ions (Hg++, 
Cu++, Cd++) resulted in recognizable, reproducible variations of the 
hydroid growth rate of c.michaeli colonies (Fig.l). Firstly, hormesis 
appeared: growth significantly increased in the presence of very low 
concentrations of copper (0.5 , 1 JJg/1) and cadmium (1 )lg/1) ions 
while there was only a transient stimulation of growth rate after a 
24h-exposure to o. 1 and 1. 0 Jlg/ 1 of mercuric ions. Threshold 
concentrations causing c. michael i growth rate inhibition were 
consistent with environmental levels of many polluted coastal 
ecosystems. In fact, significant reduction in growth rate occurred 
with exposure to about o. 5-l. 5 JJg/1 Hg++ (Fig .la), 2-3 pgjl CU++ 
(Fig.lb) or 25-30 .ug/1 Cd++(Fig.lc). Nevertheless, in these cases, 
resilience was still maintained: K values quickly rose to control 
levels, after restoration of uncontaminated conditions {3). Full 
degeneration of colonies, without possibility of recovery, occurred 
after exposure to 5 .ug/1 Hg++ , 10 .ug/1 Cu++, or 100 JJ.g/1 Cd++. Here, 
different stages of hydranth degeneration have been observed, 
comparable to those described by Karbe (1) in Eirena viridula. 

The process of growth of colonial hydroids appears to be controlled 
by homeostatic mechanisms which regulate the co-operation of multi
interacting cellular systems during colonial morphogenesis and 
morphostasis. Such mechanisms counteract the possible inhibitory 
effect of any external disturbance of low intensity , thus 
maintaining colonial growth at an optimal, preferred rate • When the . 
counteractive capacity is overloaded, inhibition of growth rate 
occurs (2, 3, 4). The physiological basis of the control mechanisms 
of hydroid development still remain unclear. Nevertheless, 
alterations in hydroid growth rate resulted as early and highly 
sensitive indexes of environmental stresses (2, 3, 4) and they can 
constitute a useful tool for the assessment of sublethal episodes of 
water pollution. 
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INTRODUCTION 

Certains Hydrocarbures Aromatiques Polycycliques (HAP) presentent une forte 
toxicite et/ou des propr:ietes mutagenes ou cancerigenes. Seize ct•entre eux ont ete 
retenus comme polluants prioritaires par !'U.S. Environmental Protection Agency (US 
EPA). Ces composes, essentiellement d'origine anthropogenique sent presents dans 
tous les compartiments du milieu marin (eau, sediment, organismes vivants). Les 
principales sources de contaminationllJ du milieu marin sent les retOmb€es atmosph€
riques (22%) et les deversements de petrole (74%). Cependant dans les zones peu 
contaminees, les quantites presentes dans l'environnement sont generalement faibles 
(eau: 0,1 ng/l; sediment: 1 ng/g); aussi est-il necessaire d'utiliser une technique 
analytique suffisamment.JII"!;ensible, mais egalement selective car les HAP doivent etre 
recherches dans l'extrait organique total de matrices souvent complexes (s8:diment 
riche en matiere organique, tissus biologiques). Le couplage Chromatographie Liquide 
Haute Pression (CLHP) et spectrofluorimetie (FLUO) permet de reunir ces deux notions 
fondamentales: sensibilite, s<Hectivite. 

EXTRACTION DES HAP DES DIFFERENTES MATRICES 

Une extraction solvant-solvant au pentane est effectuee sur les echantillons 
d'eau de mer. Les echantillons lyophilises de sediments et d'organismes. marins sont 
extraits en extracteur Soxhlet<2,J,4l (sediment: dichloromethane, organismes: pentane). 
Lea extraits purifies sur Florisil (pendant }'extraction pour les organismes, apres 
]'extraction pour les sediments) sont ensuite directement analyses par CLHP/FLUO. 

CHROMATOGRAPHIE LIQUIDE ET SPECTROFLUORIMETRIE (CLHP/FLUO) 

La chromatographie liquide sur phase a polarite inversee (colonne Vydac 201 
TP 54, phase C18 polymerique, 5pm, 300A) permet Ia separation des seize HAP retenus 
par !'US EP.A<2l, Un gradient de solvant acetonitrile/eau (pompe Milton Roy CM 4000) 
permet d'optimiser cette separation. Cependant seulement douze composes sont pre
sentee dans cette etude; en effet le · dosage des HAP de faible masse moleculaire 
(S164) est delicat a cause des pertes eventuelles de tels composes lors des diffe
rentes etapes d'extraction et/ou purification. La detection fluorimetrique (Perkin 
Elmer LS5) a longueurs d'onde d'excitation (lex) et d'emission Oem) variables permet 
<itexciter lea HAP et d'observer leur fluorescence, ceci de fa<;:on selective en fonction 
de leur ordre d'elution. En general les couples {lex/lem) correspondent 8. des maxima 
d'absorption et d'emission des HAP recherches afin d'obtenir Ia meilleure sensibilite. 
Parfois cependant, un choix judicieux du couple (lex/lem) permet pour des composes 
coelues (benzo(b)fluoranthene et peryl<me par exemple),de ne detecter que le compose 
recherche et ce sans interference· (ici le perylime). 

L'intensite de fluorescence des HAP en solution est inhjbee par !a presence 
d'oxygene dissous dans le solvant (effet dit du "quenching" de fluorescence par 
1'02<6>), aussi faut-il degazer les solvants utilises en CLHP/FLUO par !'helium jusqu'a 
saturation, et de maintenir les solvants sous pression r€.duite d'He pour eviter toute 
redissolution de l'02(4l, 

ANALYSE QUALITATIVE 

Les rendements de fluorescence des HAP etudies etant differents, i1 est 
n6cessaire de determiner lea facteurs de reponse de chaque compose relativement a. 
un 6talon interne (ici le benzo(a)anthracene deutere) qui sera ensuite ajoute en 
quantite connue a chaque extrait d'echantillon a analyser. Le calcul des' facteurs de 
reponse (integrateur Shimadzu CR4A) est effectue a partir d'un melange standard de 
ret6rence (SRM 1647a)<7l qui contient les HAP etudies en concentrations certifiees 
dans !'acetonitrile. 

Phe: Phenanthrene 
An: Anthracene 
Fit: Fluoranthene 
P:yr: Pyrene 
BaA: Benzo(a)Anthracene 
BaA-d12: BaA perdeutere 
Chr: Chrysene 
Per: Perylene 
BkF: Benzo(k)Fluoranthene 
BaP: Benzo(a)Pyrene 
BghlP: Benzo(ghi)Perylene 
InP:yr: Indeno(123-cd)Pyrene 

la./1-
(nm) 

252/378 
252/378 
288/462 
333/404 
269/385 
269/385 
269/385 
407/438 
297/424 
297/424 
298/419 
303/500 

Chromatogramme CLHP/FLUO d'un echantillon 
d'eau de mer de la baie du Lazaret '(Toulon, 
novembre 1989): 3,75 l extrait par 3xl00ml nCs. 

Lea concentrations varient de 0,17 ng/1 pour 
· .le Per A 7,5 ng/1 pour le Pyr. 

CONCLUSION 
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La methode CLHP/FLUO sur phase a polarite inversee permet de doser lea HAP 
polluants prioritaires sans ambiguite dans des matrices souvent complexes grace a sa 
grande selectivite. Elle se caracterise egalement par une sensibilite elevee: pour un 
e.chantilon de 100g d'un sediment tree peu contamine, la CLHP/FLUO permet de 
determiner les teneurs des douze HAP dont Ia somme est inferieure a 3 ngjg(7J 
(certaines teneura individuelles etant inferieures A 0,1 ng/g). 
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INTRODUCTION 

La plupart des Hydrocarbures Aromatiques Polycycliques (HAP) presents dans 
l'environnement sedimentaire marin, sont toxiques ou mutagenes vis a vis des 
organismes benthiques (algues fixees, poissons, microfaune). 

Les differentes distributions relatives de douze HAP(l) appartenant 8. la liste 
des polluants prioritaires de !'US Environmental Protection Agency, obtenues· dans 
diff€-rentes fractions granulometriques d'un sediment marin recent (sable grassier, 
sable fin, silt et argile) ainsi que dans les debris vegetaux sont presentees ici. 

METHODOLOGIE 

Le sediment etudie a ete pre!eve dans la baie de Roquebrune a une 
profondeur de 45 metres. 200g du sediment superficiel recueilli et prealablement 
lyophilise ont ete tamises par voie humide a l'eau ultrapure de fa9on a isoler lea 
fractions granulometriques suivantes: silts et argiles (diametre des particules (dp)< 
15p.m), sables fins ( 15p.m <dp< 63p.m) et sables grossiers ( dp> 63pm). Les debris 
vegetaux (essentiellement des debris de feuilles de Posidonies) ont lite isoles de Ia 
fraction >63pm par flottation. La methode d'extraction et Ia technique analytique 
utilis€-es sont d€-crites dans ce present ouvrage <1>. 

RESULTATS 

Les debris vegetaux (D.V.) possedent une teneur totsle en HAP environ 25 fois 
superieure a Ia moyenne des teneurs observees dans les autres fractions (3,5 p.g/g). 
Les fragments de plantes qui ferment une matrice typiquement organique, offrent une 
surface specifique beaucoup plus importsnte que Ia matrice minera!e. Les debris 
vegetsux semblent done jouer le role de "pieges" a HAP au sein de Ja matrice 
minerale. 

~~;~~~o_~---~--:_::'l~~;~::_e__t_::~~~:~--t-~~~~~~;;;;;,~~~!g) 
15-63p.m 45,1 0,34 2,21:t0,07 
>63p.m 37,7 0,26 5,35:t0,04 
o.v. 1,1 -- 93,8:t2,o 

La fraction des sables grossiers (dp>63!lm) est environ deux fois plus riche en 
HAP totsux que les fractions fines (15<dp<63p.m et dp<15p.m) qui presentent des 
teneurs totales en HAP peu differentes. Ce resultst et Jes mesures de carbone 
organique particulaire (COP) effectuees sur chaque fraction granulometrique, semblent 
s'opposer aux theories de ]'adsorption et de J'affinite des HAP pour Jes matrices a 
fort caractere organique; la teneur en HAP Ja plus forte est en effet observee dans 
les sables grossiers qui offrent a priori Ia plus faible surface specifique, et un taux 
de COP faible. 

L'hypothese de Readman<2l, dont les travaux ont porte sur des particuies en 
suspension en milieu estuarien, et selon laquelle parmi Jes particules les plus grosses 
(>100pm), se trouvent des particules organiques de faible densite riche en HAPlll, 
permettrait d'expliquer cet enrichissement des sables en HAP, egalement observe par 
d'autres auteurs(4). 

L'etude de la distribution relative des douze HAP etudies dans chaque fraction 
permet de mettre en evidence des differences de repartition selon Ia, masse 
moleculaire (M) des HAP et Ia tsille du substrat: 

M:f202: lea pourcentsges croient Jorsque Ia tallle des particu!es augmente, 
Jes D.V. sont en general Jes plus riches en composes "Jegers". 

M2:252: les pourcentages decroient lorsque la taille des particules augmente, 
Jes D.V. sont en general lea mains riches en composes "lourds". 

M=228: lea pourcentages dans chaque fraction sont sensiblement lee memes. 
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Ces resu!tats ne sont pas dus 8. un lessivage du sediment lora du tamisage 
humide qui pourrait provoquer une perte preferentielle des composes lea plus hydro
solubles de la fraction fine. En effet lea conditions operatoire (recuperation et evapo
ration de l'eau surnageante) et !a comparaison des teneurs en HAP dans le sediment 
total, obtenues par le calcul (a partir ·des teneurs dans chaque fraction et de son 
pourcentage massique) et mesurees experimentalement conduisent a Ia meme distri
bution. 

De plus, ces r6sultats sont de nouveau en accord avec) les travaux de 
Readman<1l qui observe egalement un balancement de Ia distribution des HAP en 
faveur des composes de faib!e masse moleculaire dans les fractions contenant Jes 
grosses particules en suspension. L'interpretation d'un tel phenomene reste cependant 
delicate, des mesures de surfaces specifiques ainsi que de nouvelles etudes granulo
metriques sur d'autres sediments d'origine differente devrait aider Ia comprehension 
de la repartition des HAP dans Jes differents compartiments sedimentsires. 
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L-Illi 
Detergents as indices of organic pollution in Alexandria Coastal 

Waters 

Tarak A. ABOUL-KASSIM 

Oceanography Department, Faculty of Science, Alexandria University, Moharam Bsy, Alexandria (Egypt) 

INTRODUCTION: Dissolved organic compounds in the sea originate from 
·;;evera_i_internal & external sources. Apart of organic compounds in sea 
water is surface active substances which may change the solubility and 
physico-chemical state of other micro-constituents in sea water. The 
problem of pollution by detergents has been and is still discussed on 
a national and multinational scale, and some detergents 
restricted for domestic use . 

The present work is an attempt to study retrospectively the 
relation between the state of pollution of Alexandria coastal waters 
by anionic detergents & sewtJge dispostJl during 1985-1986. 

/'fATERIALS AND l'fETHODS: The study area (Figure 1) lies off AlextJndria 
biitween--310 o8·=31-o26-;- tJnd 290 47-30o 04'E. It extends for about 38 
KJ11 from El-Agami (west) to Abo-Qir Head la'!d (east), including four 
different zones from the pollution vier points. Three of them are 
completely polluted with domestic sewtJge and wast:e wtJters, while the 
fourth (El-Agami) is considered the reference zone due to being ftJr 
awtJy from pollution. Alexandria beaches are highly polluted with 
domestic sewage and waste raters, receiving on the average about 
183X106 m3/yr. Out of this amount, about 36X106 m3, 35X106 m3 and 
111. 8X106 m3 are discharged annually to zones I, II and III. The 
situation in zone III is more complicated due to being affected by 
agricultural run-off (brackish water, 2.57X106 m3/yr) from Umom drain. 

StJmpling was carried out at regular monthly intervals during 
August:· 1985-November 1986 (trice a month). Sampled stations were 13, 7 
, 4 & 2 for zones I, II, III & IY,respectively. For the determination 
of anionic surfactants, water samples were taken and analyzed fresh 
(within 6 hrs) using the methylene blue method (APHA, 1985). 

El-Agaai 
zone. 

Mediterranean waters 

Figure 1: The st:udy tJrea of AlexandritJ during 1985-1986. 
RBSULTS AND DISCUSSION: The annual means and ranges of surfactants, 
8iiTinity &'7:siiinAlexandria raters are shorn in table 1. The mont:hly 
variations for anionic surfactant& and TSM shored higher values during 
summer, and lower in winter due to the high sewage disposal in su111111er 
(Aboul-Kassim,1987). Based on stational averages, higher values of 
anionic det:ergent were recorded at stations directly affected by 
sewage discharge (zones I, II & III), and lower in El-Agami zone. 

According to Cosovic et al. ( 1985), the total surfactant content 
of 0. 2-0.8 mg/1 corresponds tonaturally occurring organic substances 
of unpolluted sea rater. Compared with the range and average concentr
ations of detergents in El-Agami (the reference zone) or even with 
that of Azmir Bay (Turkey), i.e. 0.42-4.14 (Uysal & Yaramaz, 1988) or 
that of lake Burullus (Egypt}, i.e. 0.17 mg/1 (Mahmoud and Beltagy, 
1988), the average surfactant levels of zones I, II and III might 
indicate that Alexandria waters are highly polluted rith detergents. 
The significtJnt inverse correlation between detergents and salinit:y 
(r=-0. 8791) indicates that detergents. in t:he polluted study area are 
brought dorn wit:h sewage disposed into Alexandria coasts. 

Table 1: Means and ranges of anionic surfact:tJnts, salinity & TSM for 
surface & bot:t:om raters in the cost:al wat:ers of Alexandria. 

S U R FA C T A N T S (mg/1) SA L I N I T Y T S M(mg/1) 
Zone -------------------------------- -------------- -----------

Surface Bottom Surface Bottom Surf. Bottom 

I 0.02-4.21 (0.45) 0.02- 4.32 (0.37) 
II 0.40-4.00 (1.33) 0.53- 2.52 (0.93) 
III 0. 46-8.31 ( 1. 50) 0.19-12.35 (2. 32) 
IY 0. 02-0.08 (0. 03) 0. 06- 0.17 (0. 02) 

36.03 36.42 
33.71 34.10 
31.72 33.21 
38. 94 39.11 

25.4 22.7 
53.2 47.1 

145.0 133.0 
3.1 1.2 

The levels of anionic surfacttJnts can be used as an index of 
organic rat:er pollut:ion, where their concentrations in Alexandria 
raters were st:rongly correlated with serage disposal (r~o. 9511) & TSM 
(r:0.8911), the regression equations being: 

Amount of Serage (m3/yr) = 21.341 + 23.731 Surfact:ants (mg/1), 
TSM (mg/1) = 11.264 + 19.211 Surfactant:s (mg/1). The high levels 

of detergent in Alexandria is a further support to this assumption. 
The act:ual amounts of det:ergent loading disposed to Alerandria 

raters were estimated to be about 86, 109 Kg/day, reaching AlexandritJ 
raters through zones I and II, while zone III discharges about 7 tons/ 
day. The large amounts of domestic sewage, agricultural run-off and 
industrial rastes disposed in zone III is a further support for that 
highly daily load. The daily discharge of detergents in Alerandria 
raters is relatively small compared with that given for France in 
Marseille, i.e 4.00 (Arnoux & Coruelle, 1972) or Cortiou area, i.e 
5.00-6.20 (EPOPEM, 1978) depending on t:he flow rate. Based on personal 
data, the expected total loading of detergents to the area are 
projected to be approrimately double between now and year 2000. 

According to FAO, each individual contributes to urban detergent 
havinlf serral(e an average value of 0.4-1 Kg/yr. Based on the daily 
discharge values, the population equivalent of the area rill vary from 
0.40-0. 75, indicating that the levels of detergents in Alexandria are 
still far from seriousness of severe pollution and that the population 
equivalent is still within the typical ranl(e mentioned by FAO. 

Since detergents have caused serious pollution problems in 
natural waters, commercial detergents should be non-toxic to aquatic 
organisms as well as to be biodegradable by microorganisms. 
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Oxygen studies as sewage pollution indices in a Semi-Closed Basin of 

Alexandria Coast 
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Oceanography Department, Faculty of Science, Alexandria University, Moharam Bey, Alexandria (Egypt) 

INTRODUCTION: Dissolved oxygen is one of the most important parameter 
tor .. wa-i:~;z--·ma:s-ses identification & pollution assessment in the marine 
environment. Sewa!(e pollution adversely affects aquatic life through 
oxygen depletion. Dissolved oxy!(en (D.O), biochemical oxygen demand 
(BOD) and perman!(anate value (PV) have been used as pollution indices 
in a heavily pol luted basin; the Eastern Harbour (E.H) of Alexandria 
(Fi!(ure 1): receivin!! about 35Xl 06 m3 jyr of sewage and waste waters. 

/'fATERIAL A_N_D l'fETHODS_: Sampling was carried out at regular bimonthly 
intervals-from l'fa_y··-1905 to Hay 1986. D.O and H2 S (when present) were 
taken & analyzed accordin!( to Strickland and Parsons (1972) and Common 
Methods of Sea Water Analysis (1969). For determination of BOD,samples 
were incubated at 20oC for 5 days & analyzed according to APHA (1985). 
PV water samples were determined according to Carlberg (1972). 

RESULTS/JiD DISCUSSION:_ D.O and its related parameters 'BOD & PV' have 
b-,;-;.-;,· ·-used--"s ___ basic ___ water criteria to assess sewage pollution. The 
oxygen content can be an indicator of organic loading,nutrient input & 
biological activity. Table 1 shows the annual average concentrations 
of D. 0, BOD & PV for both surface and bottom water layers of the E.H. 
Except on rare occasions, the E.H water was well oxygenated (annual 
average 6. 00+_1. 81 mgjl, corresponding to 87. 2:f:29'1. saturation). However 
, the surface layer is oversaturated (105'1.), while the bottom is 
undersaturated (69%) which is sometimes completely deoxygenated. This 
dangerous phenomena occurred in !'fay 1985 and June 1987 following a 
high sewage dischar!(e load, an elevation of air & water temperatures 
accompanied by dense phytoplankton blooms. The primary cause of water 
deoxygenation is the presence of substances called oxygen-demanding 
wastes (mainly organic), easily broken dawn or decayed aerobically or 
anaerabicall.v through bacterial activity (Arin, 1974). The D.O budget 
in the harbour is a balance between the high photosynthetic activity 
rate (584 g Cjm2jyr), leading to a large D.O production and a high 
load at arf(anic matter that consume large amounts of D.O. Both 
processes occurred simultaneously in the E.H water & was demonstrated 
at stations I & V (Figure 1) located in front of sewage auttalls 
snecial lv in summer when the bacterial activity is maximum. 

A BOD of 1 ppm is characteristic of nearly pure water, 3 ppm for 
tairl_v pure and 5 ppm far doubtful purity (ECPH,1975). A comparison 
between these levels & that observed in the present study showed that 
the average surface BOD values (i.e 3.86±_3.32 mgjl) is comparatively 
higher than those of standard values. This may indicate the presence 
of a high load of sewage continuously discharging into the harbour and 
that the BODs levels is still far from seriousness of severe sewage 
pollution as well as being within the typical BODs values tor domestic 
sewage , i.e. 250-350 gjm3 (ECPH, 1975). The comparatively low BODs in 
the E.H irrespective at the discharge of large amounts at sewage is 
mostly due to the effective exchange between fresh l'tediterranean 
waters and the harbour water as well as its short flushing time ;i.e.5 
months .The high surface D.O consumption (annual average 51.3±_26'1.) of 
the available D.O is related to sewage water of lower density 
discharging with its high content of organic matter and bacteria. 

An interesting way to paint aut the magnitude of the a:z:ygen
demanding waste problem is to equate the BODs of total daily 
nationwide wastes tram specific source to tlie number of hu•ans 
required to produce daily waste with an equivalent BODs. Bach 
individual contributes to urban sewage an average BODs value of about 
60 gmjday (ECPH, 1975). Based on the daily discharge to the harbour 
(effluent having a maximum BODs of 380 mgjl) the population equivalent 
of this effluent water will be 6.33. Based on data from the General 
Autharit.v of 1'1unicipal Waste Water, the expected population equivalents 
during the years 1990 and 2000 will be 10.08_rand 13.67, respectively. 
However, it is clear that the total waste water pollution loads (BODs·) 
are projected to be approximately triple between now and year 2000. 

Another way to assess the degree of sewage pollution in the B.H 
was to measure its organic matter present using permanganate value 
method. The PV concentrations in the E.H were remarkably low (Table 
1). An excellent way to determine the type of waste water discharge, 
to know if it is or not biadegradable,is by cah:ulating its BOD5/PV 
ratio. A BODsJPV ratio of 1:1 is characteristic of pure water, 2:1-4:1 
tar crude domestic sewage, while carbohydrates & proteins rich wastes 
(food processing wastes) have ratios equal to or greater than those of 
sewage (ECPH,1975). The average values of BODsJPV ratio in the E.H 
varied between 0. 87-2.00 and 0. 73-2.35 for surface & bottom waters. 
Higher ratios were observed at stations directly affected by sewage 
discharge. Generally data may indicate that mast at the sewage 
reaching the E.H is at biodegradable character (Aboul-Kassim,1987). 

Table 1: The annual average concentrations of D.O, BOD and PV tor 
both surface and bottom waters in the E.H during 1985-86. 

D.O(mg/1) '1. o:z:y sat. BOD(mgjl) PV(mgjl) BOD/DO('I.) 

SURFACE 
BOTTOl'f 

REFERENCES: 

7.24 
4. 89 

105 
69 

3.86 
1. 79 

3.15 
1.34 

51.6 
37.3 
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Impact of sewage pollution on some chemico-physical 
characteristics of the Eastern Harbour of Alexandria 

T.-A. ABOUL-KASSIM and N.-M. DOWIDAR 

Department of Oceanography, Faculty of Science, University of Alexandria, Moharam Bey, Alexandria (Egypt) 

In recent years, the problem of sewage pollution of Alexandria 
coastal waters has become a point of national concern. The coastal 
water of Alexandria receives annually about 183X106 m" of untreated 
sewage. About 20% of this amount is discharged to the Eastern Harbour 
{E.H), rendering it highly fertile. The effect of waste water and 
sewage discharge on some chemico-physical characteristics of the 
harbour water were carefully studied and discussed. 

The study area is a semi-circular shallow bay, surrounded by 
Alexandria city, connected to the Mediterranean through two openings. 
The basin is subjected annually to about 35X10'" m" of unprocessed 
sewage, rendering its flushing time to be 5 months. 

Regular bimonthly sampling during the period 1985-1986 indicated 
that seasonal variations in water temperatures were directly affected 
by solar radiation and seasonal changes in air temperature. Thermal 
stratification was rarely detected. However, in period of calm weather 
, thermal stratification may occur to a limited extent. The occurrence 
of a homothermal water column is a general character, particularly in 
winter. This is mostly related to the effective mixing processes in 
this basin. The annual average temperature is 22. 2~c (Table 1) , with 
an amplitude of 11 . goc. 

The transparency of the E.H was relatively high. The annual 
average being 2.65±_0.67m. The remarkably high values at station III 
(Table 1) is mostly due to its low chl i! and total suspended matter 
(TSH) as well as being relatively subjected to the direct effect of 
waste water discharged inside the harbour. 

The TSH values in the E.H were remarkably high.The annual average 
amounted to 34. 49:t21. 83 mg/1 (Table 1) . This high average are normal 
in such a semi-closed fertile basin, receiving large amounts of raw 
sewage. demonstrated by the high inverse correlation between TSH and 
salinity in the harbour ( P< 0. 001). 

The average Chl i! biomass in the harbour water amounted to 5. 14:t 
4. 71 mg/m". This indicates that the environment of the harbour is 
highly eutrophic. The high Chl i! is undoubtly due to the rich supply 
of nutrient salts discharged with the untreated wastes and sewage 
discharge disposed to the harbour as well as other sources, i.e.402 
Tons nitrogen/yr (El-Nady et al, 1990) and 1.094 Tons phosphorus/yr 
(Oowidar et al .. 1990). 

The salinity of the E.H is mostly controlled by the amount of 
sewage water discharged into the basin and the rate of mixing and 
exchange of the harbour with the adjoining coastal waters of the 
Mediterranean Sea. During the last 10 years, salinity values of the 
harbour were decreasing gradually by more than 4% due to nearly 
doubling the amount of sewage and waste water discharged to the 
harbour. The distribution of salinity reveals that surplus water from 
the harbour flows outward as a mixed surface layer through the main 
openings (stations II and III), while undiluted Mediterranean water 
flows into the harbour as a subsurface layer near the bottom. The 
effect of sewage discharged into the Southern region of the harbour 
was clear as it lowered the values of salinity at stations I {average 
36. 89S. ) , V ( 36. 94S. ) & to a less extent station VI. 

The pH of the harbour water always lies on the alkaline side. The 
absolutes surface values fluctuated between 7.80 & 8.58, while for 
bottom samples, the minimum and maximum values varied between 7. 56 and 
8.43, respectively. The higher surface values than those near the 
bottom was due to the high photosynthetic activity at the surface and 
relatively high organic load of the bottom water & surface sediments_ 
Variations in total alkalinity are controlled by physical and chemical 
processes taking place in the water body. The annual average amounted 
to 2.42_:t0.14 meq/1. The average specific alkalinity values calculated 
for the E.H,i.e. 0.117±_0.009 (Table 1) was slightly low compared with 
0.126 accepted for oceanic water (Koczy,l956; Horcos, 1970). The 
relatively high pH and total alkalinity values recorded in warm months 
are mostly correlated (P<O.OOl) with the rise in water temperature. 
The significant correlation, between chl s content and pH may indicate 
that the pH of the environment could be used as a good indicator for 
production levels. 

Table 1: Annual avera- o~ aOIMl ctte.ico-phyeical paraaetera in aurface and bottoa 
water layera in the Eaetern Harbour durina 1985-1986. 

St. Hax. Depth Water Tranap. Ch l ~ pH 
No. Oep. of Te11p. (a) fag/1} fag/a~) 

saaple f"'Cl 

I s 0.0 22.20 8.15 
B 3.5 22.21 32.50 7.98 

II s 0.0 21.83 27.83 8.17 
B 5.0 22.50 31.20 37.84 8.22 2.42 

III 5 0.0 22.15 37.48 8.22 2.43 
5.0 21.92 26.67 37.69 8.12 2.42 
8.5 21.73 24.17 38.62 8.08 2.35 

37.07 8.26 
M 3.0 38.0Lo 8.11 
8 6.0 21.83 2.97 38.22 8.04 

v s 0.0 22.47 70.17 13.03 36.9.4 8.19 2.47 
B 3.5 22.37 27.50 37.38 8.12 2.40 
s 0.0 22.20 37.04 8.18 2.47 
8 2.0 4.07 37.03 8.19 2.45 

VII s 0.0 4.16 37.53 8.24 2.44 
8 2. 33 8.06 

sp 
Al. 

0.119 
0.116 

0.114 
0.121 

0.119 
0.117 
0 117 

------------------------------------------------------------ -----------------
s 22.20 2.65 38.45 7.24 8.20 
SD• 4.60 0.67 27.55 s_qa 0.16 

Average ---------------------------------------------- · ·---------------------------------
8 22.10 30.52 3.05 37.92 8.08 2.39 0.114 
SO+ 15.87 o.o7 o.1s o ooe 

1 S::surface. H=•iddle. B=bottoa. 
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L-III4 
Teneur en Metaux et taille de Ia coquille chez Ia Moule Mytilus 

gal/oprovincialis Lamarck. Precautions d'utilisation en Molysmologie 

Henry AUGIER'I", Remy DESMERGER'I", Martine EGEA'/'', Eric IMBERT', Wonkyou PARK'/", Giovanni 
RAMONDA•t•" 

'Centre d'Etudes, de Recherches et d'ln!ormations sur Ia Mer (CERIMER), Faculte des Sciences de Luminy, 13288 
Marseille Cedex 9 (France) 

"Laboratoire de Biologie marine !ondamentale at appliquee, Facult9 des Sciences de Luminy, 13288 Marseille C8dex 9 
(France) 

'"Laboraloire departemental d'Hygiene alimentaire et d'Epidemiologie veterinaire, 13006 Marseille (France) 

Resume : Les concentrations en cadmium, cuivre, mercure, plomb et zinc ont ete 
determinees par spectrophotometrie d' absorption atomique sur differents 1 ots de la 
moule nytilus galjopx::ov:Jno;:J;;li? 1. preleves en Darse II du port mediterraneen 
fran<;ais de Fos. Les analyses revelent qu' il existe une correlation inverse entre 
les concentrations en metaux et Ia taille des moules prelevees au meme endroit et au 
meme moment. Les consequences de ces resul tats sur les enquetes molysmologiques 
utilisant la moule sont discutees. 

Metallic rates and shell size of MYti1us. ga!!oPro~~~~ Lamarck mussel. 
Precaution of use in molysmology. 

summary : A scheme employing atomic absorption spectrophotometry has been developed 
for the determination of cadmium, copper, lead, mercury and zinc contents in 
different lots of mussels !!YtiJ_l!s. ga)JoPX::QYim:i!llJ.l! 1. harvested in the Dock II of 
the mediterranean french harbour of Fos. The analyses shov that there is a negative 
correlation betveen metal rates and size of mussels harvested in the same area and at 
the same time. The consequences of these results on molysmological investigations 
using mussels are discussed. 

INTRODUCTION 

Par sa resistance a la pollution, sa tres large distribution et son pouvoir eleve 
de concentration des polluants, Ia moule constitue un materiel de choix tres largement 
utilise pour caracteriser Ia pollution littorale. Son emploi comme ind!cateur biologlco
bioch!mique necessite cependant un echantillonnage rigoureux (AUGIER, 1987). 
L'influence de la taille des coquilles, qui fait !'objet de cet article, en constitue l'un 
des aspects majeurs. 

METHODES 

Soixante moules (11ytil.l!s_g<!JloP.r.«v:Jn~Ji!,.U!! L.) ont ete recolt&es le 13 octobre 
1989 en darse II du port de Fos, a 0,5 m. de profondeur, dans un rayon ne depassant 
pas 5 m., puis reparties en 5 lots de taille allant de 3 a 8 em.. Les echantillons, 
debarrasses de leur coquille, sont lyophilises et micro-pulverises (AUGIER, 1970), 
puis mineralises par 1 'acide nitrique et l'acide su1furique en utilisant 1 'oxyde de 
vanadium comme catalyseur (11ALAIYANDI et BARETTE, 1970). Les dosages sont realises II. 
1 'aide d' un spectrophotometre d 'absorption atomique IL 457 de Lexington Company. Les 
resultats ont fait !'objet d'un traitement statistique de correlation des rangs de 
Spearman (ill CAPERAA et VAN CUTSEI1, 1988) a 1 'aide du parametre : 
r 8 = 1-6•l:(Rx1-Ry1)2f(N3-N) pour ide 1 aN (Rxi,RY\ :Rang de l'echantillons x et Y) 

RESULTATS ET DISCUSSION 

L'examen des tableaux I et II et de la figure 1 permet de faire les remarques 
suivantes : 

- En raison de leur teneur extremement faible, trop proche de la limite de 
fide lite de la methode d 'analyse employee, le cadmium et le plomb ont ete elimin~s de 
la demonstration. 

- Les concentrations des echantillons en cuivre, mercure et zinc sont 
relativement elevees; elles depassent les normes pour le mercure. 

- Il existe une correlation inverse, statistiquement significative, entre Ia 
teneur en cuivre, en mercure et en zinc et la taille des coquilles, les 
concentrations en metaux dans les moules diminuant progressivement avec 
1 'accroissement de tail1e des coquilles. Ce resu1tat confirme ceux obtenus par HAX 
NIENCHESKI (1982) pour Ia 11editerranee chez J!,__g;tJ.l<?P!:QY.l.l!£.~1!.~ et BOYDEII (1974), 
COSSA etal._ (1980), BOALCH ~t.aL (1981) au plan mondial pour !1 ..... -..!!"-!!lll· 

... Cd Cu Hg Pb tn 

3-< <0~ 3 17,5 0,17 <0,5 524,5 
<-5 <0,3 8,8 0,13 <O,S 299,4 
S-6 <0,3 <.s 0,12 <0,5 ns,a 
6-7 <0,3 <,7 0,11 <0,5 192,3 
7-S <0,3 3,2 0,09 <O,S 154,9 

Tableau I : Teneur (en PPII de poudre lyophilis~e) en 
•Haux dans lee •oules Kytilu.a_ g.alloprovincialis 
en fonction de la taille des coquilles. 

Taille Hg 

-0,9•• 0,9•• 0,9•• 
-1,o•• 1,.0•111 
~1, o• • 

Tableau II ; Coefficient de corr~lation de Spe~an 
pour lea aoules Kytilus .... galloprovincialia de 
diff~rentes tailles {le 'signe - indique la 
corr<l!lation inverse~ , .. la significative au seuil 
du risque 5''1 • 

Fi,. 1, r...,... --- •-• 
llod:i.lu&.~----'-
taflle - -n•. La -. -
-.rwt. en ,.. fiCM"' le zinc .. en .... ,.... 
le ~ .. 0,1 ,... P'Qr 1e a..iw-e. 

CONCLUSION 

Les resultats obtenus confirment l'!nteret d'utillser Ia moule comme indicateur 
de la pollution en raison de son pouvoir &leva de concentration des metaux. ns 
soul!gnent cependant que son utilisation pour caracteriser Ia repartition de la 
pollution dans un secteur donne ne sera valable que si les moules prelevees dans les 
differents points du plan d'echantillonnage ont Ia merna tallie. 
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L-IIIs 
Heavy Metal Concentrations in selected marine species from Milos 

Island (Aegean Sea) 

F. BEl, E. PAPATHANASSIOU and V.·A. CATSIKI 

National Center lor Marine Research, Agios Kosmas, Hellinikon, Athens GR 16604 (Greece) 

Introduction 
A considerable amount of work deals with the problem of the accumulation of heavy 

metals by the marine biota (Howard & Brown, 1987; Santoro & Koepp 1986). During an 
oceanographic survey in Milos island (Aegean Sea) in October 1988, specimens of 
Paracentrotus ~. ~ m, ~ sp. and~~ were collected 
from different areas in the island in order to determine heavy metal contamination, in 
an area where natural mineral resources and the establishment of a big electricity plant 
could alter the environmental background. 
Material s and Methods 

Samples were collected from five stations along the coast line of Milos Island by 
SCUBA diving. Metal bioaccumulation was determined using the soft tissues for f..~. 
the gonads for L ~ and the leaves in plants. Heavy metal concentrations were 
determined by air-acetylene flame (UNEP 1982) using a VARIAN AA157 Atomic Absorption 
Spectrophotometer. Statistical analysis include one-way ANOVA and the LSR test. 

Table l. Mean values (avg) and Standard Deviation values (std) of bioaccumulation of the 
six metals at the 5 stations in the four species. sp1: f..~. sp2: f..~. sp3: 
~sp.sp4:f..~ 

METAl STATION 1 STATION 2 STATION 3 

sp1 sp2 sp3 sp4 sp1 sp2 sp3 sp1 sp2 sp3 sp4 

Ni avg 9.30 28.60 21.90 28.40 8. 74 26.90 17.60 14.10 25.50 10.20 27.30 
std 5.58 14.69 6.33 8.32 5.25 12.66 4.99 19.37 38.54 7.37 2.54 

Cu avg 4.00 10.10 5.20 5.90 4.29 7.60 4.20 6.30 12.00 4.60 6.70 
std 1.40 2.30 I. 70 2.60 2.10 2.68 1.04 3.30 4.30 0.40 0.80 

Cd avg 2.40 8.30 2.40 3.20 2.49 3.70 1.80 3.00 7.90 3.50 3.10 
std 0.80 2.30 0.70 0.90 0.90 1.50 0.10 1.70 2.20 0.90 0.40 

Mn avg 2.20 16.30 27.20 46.50 10.75 32.10 61.70 2.40 6.30 18.60 75.20 
std 1.04 11.80 35.70 5.20 9.70 44.50 24.20 0.80 2.50 3.00 18.90 

Cr avg 3.10 6.17 2.10 4.40 2.48 5.12 2.50 3.60 15.30 1.60 4.10 
std 1.90 4.60 2.20 1.50 1.20 2.30 2.30 2.80 31.30 0·.80 1.50 

Zn avg 123.60 56.50 24.40 21.80 120.02 31.85 25.90 117.60 42.60 47.30 30.10 
std 69.30 36.90 8.10 12.30 67.80 18.00 7.50 22.50 5.40 10.60 2.60 

METAL STATION 4 STATION 5 

sp1 sp2 sp3 sp4 sp1 sp2 sp3 sp4 

Ni avg 7.10 19.10 8.90 19.00 34.90 16.00 17.70 22.00 
std 2.34 13.04 5.91 9.19 19.37 11.80 5.30 6.90 

Cu avg 3.70 12.30 3.60 6. 70 5.50 7.90 4.10 5.30 
std 0. 70 3. 70 0.50 0.40 2.80 2.80 3.30 1.00 

Cd avg 1.90 11.40 2.20 3.20 3.40 5.00 1.60 2.70 
std 0.20 3.90 0.20 0.30 1.20 1.70 0.70 0.30 

Mn avg 1.20 11.30 16.70 74.00 6.30 23.00 65.40 121.30 
std 0.30 3.50 1.80 25.80 4.00 22.80 68.40 9.60 

Cr avg 1.90 5.80 1.50 3.50 18.20 5.20 5.30 4.10 
std 1.40 4.20 1.10 1.20 14.70 4.50 3.60 1.00 

Zn avg 75.80 50.90 22.00 37.30 127.30 43.20 59.10 32.20 
std 41.10 8. 70 3.90 4.40 102.70 11.80 41.80 4.80 

Table 2. ~~~ai~~ ~~~ ~~~a~!gnificance level (p) in the four species 

METAL P .1 ividus P .aspera Cystosei ra sp. P.pavonica 

F p F p F p F p 

Ni 8.64 <0.001 0.85 0.498 7.97 0.0001 3.32 0.03 
Cu 2. 72 0.038 5.74 0.006 1.17 0.336 1.63 0.199 
Cd 2.78 0.035 18.17 <0.001 10.92 <0.001 0.99 0.408 
Mn 8.53 <0.001 2.27 0.072 3.86 0.008. 31.33 <0.001 
Zn 0.66 0.619 2.71 0.038 6.64 0.0003 7.32 0.0006 
Cr 11.79 <0.001 1.13 0.349 0.85 0.477 

Results and Discussion 
Out of the total 226 samples, 66 belong to sea urchins, 66 to limpets and 103 to 

the two species of algae. The mean concentration values are shown in Table 1. The 
concentrations of Ni, Cu, Cd, Cr and Zn in f..~ show a lot of comparability with 
the concentrations found in the leaves of~ sp. (Table 1). In addition, results 
show that metal concentrations in f..~ are higher than those in f..~- This is 
particularly emphasised for the determined concentrations of Cd. The explanation for th1s 
could be found in the physiology of these two organisms. The 1 impet is a herbivorous 
animal and a good indicator species for Cd contamination and usually contain high· 
concentrations of metals under natural conditions, particularly in the visceral mass 
(Bryan 1976). One-way ANOVA revealed that there are no significant differences in metal 
content-for f..~ between the various stations (Table 2). On the contrary the ANOVA 
test regarding the concentrations of Ni, Cu, Cd and Cr for f.. 1..llil1Jls. demonstrates 
differences between two groups of stations, 3 and 5 in the first group and all the other 
stations in the second group of stations. The differences of the natural environment 
should be responsible for that rather than contamination areas. In this respect the 
observed differences in the levels of contamination in the metal concentrations should 
be due to natural environmental factors like sediments and/or mineral dissemination. 

In conclusion, the concentration ranges found in the above mentioned species are 
comparable with other areas in the Aegean sea (Voutsinou- Tal iadouri, 1982; Vasil ikiotis 
et al, 1983; Catsiki, unpublished results) which are considered as clean waters . 
~ 
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L-III6 
Hg et autres MtHaux dans Ia flore et Ia faune marines du Golfe Saronikos 

V.-A. CATSIKI, F. BEl etC. KATSILIERI 

Centre National pour Ia Recherche Marine, A. Kosmas, Hellinikon 16604 (Grace) 

Le Golfe Saronikos presente Ia caracteristique d'Eltre le receptacle final des eaux usees de Ia ville 
d'Athenes et de sa vaste region industrielle et portuaire. Ces decharges contiennent des concentrations elevees 
en metaux lourds qui mettent en danger l'ecosysteme du Golfe. Dans le cadre du Programme MED.POL, nos 
recherches ont porte sur Ia concentration metallique de plusieurs especes du Golfe Saronikos, durant les 
annees 1984 a 1989 en vue d'etudier Ia distribution des metaux en des organismes de niveaux trophiques 
differents et de surveiller Ia concentration des metaux des tissus des especes comestibles issues de plusieurs 
regions du Golfe (Fig. 1 ). Les stations de prelevements (1, 2 et 3) ont ate choisies de maniere a mettre en 
evidence !'impact des rejets sur Ia teneur en metaux des organismes. 

·Figure 1 
Stations de prelevementa 

Les especes Ulva lactuca, Posidonia oceanica 
(rhizomes), Mytilus gallopro-vincialis et 
Mullus barbatus, ainsi que des echantillons 
de Zooplancton, ont eta choisis pour Eltre 
presentes dans ce travail. Hormis les 
poissons, les autres especes ont ete 
recoltees, par plongee autonome a une 
profondeur d'1 a 4 m. Le dosage des metaux 
a ate effectue par absorption atomique (6). 
Les resultats de !'analyse de 239 
echantillons, concernant le Hg, Cd, Cu, Cr 
et Ni exprimes en 119/g de poids sec et sous 
forme de moyennes sont donnees par les 
figures 2, 3, 4 et 5. Par Ia suite, les 
resultats ont subi une analyse statistique 
(ANOVA). 
Les echantillons de zooplancton ont presente 
dans tous les cas les plus fortes teneurs 
metalliques (P<O.OOO) et les plus fortes 
variations; en fait le zooplancton est connu 
pour presenter frequemment de telles 
variations metalliques elevees (2). A noter 
que saul pour le Hg et I'As, l'enrichissement 
des metaux aux niveaux trophiques 
superieurs est generalement bas (1). 

Les organismes filtreurs de gros volumes d'eau, comma les Moules ainsi que des organes de longue duree 
de vie comma les rhizomes des Angiospermes marines avaient bioaccumule plus fortement les metaux. 

Nos resultats sont en accord avec ceux presentes par le Programme des Nations Unies pour 
'Environnement concernant les moyennes et les echelles de concentrations metalliques dans des specimens de 
W. galloprovlncialis et M. barbatus collectes en diverses regions de Mediterranee (3). 

L'etude des echantillons de Zooplancton et des Moules recoltes a toutes les stations (1, 2, 3) procure des 
·enseignements sur le transport des polluants et specialement des metaux. Ceux des Algues (station 1 et 2) 
nforment sur Ia direction de diffusion des metaux. Ainsi, on remarque que pour le Cu. qui est considers comme 
lOIIuant issu de l'egout central d'Athenes, et des industries environnantes (4), les Moules des stations 1 et 2 
lfssentent des teneurs significativement plus fortes que celles de Ia station 3 (P<0.007). Le Zooplancton 
evele le mArne gradient, mais cette difference n'est pas significative a cause de Ia grande variabilite des 
eneurs. La concentration du Cu dans les Algues fait apparaitre aussi Ia mArne conclusion sur Ia direction du 
ransport des rejets (9gale vers le Sud et !'Ouest). Les metaux Cr et Cd caracterisent egalement les rejets (5). 
>our le Cr, il exists egalement un gradient sans toutefois qu'il soil significatif. Par contra, le Cd, bioconcentre 
IU mArne niveau aux stations 1 et 2, semble avoir une source locale a Ia station 3 qui influence Ia teneur des 
1rganismes (P<0.002). Le Ni, fortement concentre dans ies sediments du Golfe d'Eiefsis (5) presente une 
1rande variabilite qui a comma resultat !'absence de difference entre les stations. 

Figure 2 
Concentration metalllque du zooplancton 

Figure 3 
Concentration metalllque dee moulea 

-He ~Cu De.- -Cd §HI 

Figure 4 Figure 5 
ConcentratMx\ metalllque de Ulva Concentrat~n metalllq~e de Posidonia 

mev Do -Ccl mmiJNI -He OOcu CJCJ -Cd lil!ElNI 
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Metal 

Cu 
Cr 
Cd 
Ni 

Resutta!S de !'analyse statistique entre les stations 

Plancton U. 1actuca Mytilus 

1.353 0.302 

0.033 0.967 
1.711 0.229 

0.076 0.788 5.105 0.00~ 

0.769 0.401 ~·= ~=b 
1.287 0.269 0.487 0.616 

Groupea: a: (st3) (st1,~). b: (st1) (st2,st3) 
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L-III7 
The Levels of Heavy Metals Accumulation in some Benthic Organisms 

living in lzmir Bay 

Erkan DEMIRKURT• , Huseyin UYSAL•• and Hatice PARLAK•• 

•ookuz EyiOI University, Institute of Marine Sciences and Technolog, P.O. Box 478, 35213 lzmir (Turkey) 
••Ege University, Faculty of Sciences, Department of Biology, Hidrobiology Sec., lzmir (Turkey) 

Izmir Bay has been affected by industrial pollution from the 

facilities took place arround and domestic e:f:fluent from the city 

(UYSAL and TUN~ER, 1982). The purpose of this study was to determine 
the level of accumulated heavy metal in several organisms living in 

the polluted part of Izmir Bay. These samples chosen could be found in 

most of the part of the bay in every season. 

In this investigation the samples which are f~~!!!~-~~~~~~~!!!!~ 

Stackhouse f~~~~~~-~~E~!!!~!:!:!!! (Forskal, 1775), ~£!~~-!:!:!!_g~E!~ Quensel, 
1806, and Q£~!!!!!_!!!.8~!: Linnaeus, 1758 collected from different places 
of Izmir Bay have been analysed for Hg, Cd, Zn, Pb, Cu, Mn, Fe from 

December 1987 to December 1988. The samples had been decomposed using 

the mixtures of HNO - HClO (5:1) acids in water bath with maximum 

temperature 40°C, J'nder reilux system. Hg was determined by cold 

vapour atomic absorbtion spectrophotometry and the others 
determined by flame (Varian Techtron 1250) (BE.RNHARD, 1976). 

. The results have been calculated as pg/kg .wet weight. For the 
statistical evaluation based on the medians and quartiles of data were 

choosen (TUKEY, 1977). 

As the results of these studies median values of Hg and Cd 

concentrations were ranged between 13-35 pgHg/kg wet weight and 

65-138 pgCd/kg W.W. and ~-!~.!g~!:!!! included minimum amount of these 

metals while ~.:.._!~~~~!~!:!.~~ had maximum. P-b values varied between 

380-2500 pgPb/kg W.W. in !'-'--~~!:~!!!~!:~!'! as minimum and in_~_,__:!;~~~!!!~!!~~ 
as maximum. Cu and Zn contents were changed in 622-5004 pgCu/kg W.W. 

and 3904-12016 pgZn/kg wet weight. Maximum Cu and Zn contents were 

found in ~-=--~~!:!!!!!!!!:~!! and minimum were in Q..:._!!!~~!:· Mn content of ~-=

!!.!~.!:. was minimum and of f..=.._!£!!~!!!~~!:!~ was maximum and range between 
350-37823 pgMn/kg wet weight. Fe values varied between 5061-160000 

flgFe/kg W .. W .. in §.:._~!:!!.8~!:!::! as minimum and in Q_:__!~~~!!!~!!~.!! as maximum 
(Table 1.). 

The values obtained from this study had shown about similar 

comparing with these mentioned by other authors from different 

areas of Mediterranean (EMARA, 1982; VASILIKIOTIS at al 1982; TUN~ER, 

1988). 

Table 1. The levels of heavy metals which were determined in some benthic 

organisms collected from Izmir Bay ( pg/kg W.W.) 

Species Hg Cd Pb Cu Zn Mn Fe 

Mimimum 20 9 I 724 510 2727 34481 734261 
Lower Quartile 30 70 I 2057 692 3338 191531 884111 

C. tomentosum Median 35 138 I 2500 893 4285 37823l16oooo I 
Upper Quartile 42 244 I 3897 1029 6255 684931220130 1 
Maximum 53 470 I 6720 1737 8600 113183718337761 

I n~11 I n~9 I n~11 I n~11 I n~ll I n~10 I n~ll I 
1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 

Mimi mum I 6 I 8 I 66 I 2730 I 100151 261 I 60311 
Lower Quartile I 15 I 14 I 113 I 4040 I 111341 583 I 81201 

P. kerathurus Median I 20 I 65 I 380 I 5004 I 120161 876 I 91681 
Upper Quartile I 36 I 143 I 1965 I 6465 I 138571 1090 I 181621 
Maximum I 51 I 432 I 4500 I 9136 I 155571 2595 I 277241 

I n~12 I n=111 n=11 I n=l2 I n=l2 I n=l2 I n=l2 I 
I 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 

Mimimum I 5 I 7 I 53 I 266 I 3011 I 171 I 3336 I 
Lower Quartile I 10 I 20 I 165 I 501 I 3950 I 343 I 4454 I 

S. vulgaris Median I 13 I 121 I 1297 I 644 I 4461 I 370 I 5061 I 
Upper Quartile I 26 I 154 I 2100 I 856 I 5720 I 567 I 5558 I 
Maximum I 57 I 277 I 5580 I 1696 I 9263 I 775 110694 I 

I n=21 I n=17l n=l8 I n=21 I n=21 I n=l4 I n=21 I 
l __ l __ l __ l __ l __ l __ l __ l 

Mimi mum I 4 I 8 I 26 I 184 I 2404 I 140 I 28381 
Lower Quartile I 12 I 52 I 332 I 436 1 311o I 277 I 45321 

G. niger Median I 19 I 89 I 1228 I 622 I 3904 I 350 I 57201 
Upper Quartile I 30 I 257 I 2252 I 960 1 4868 I 437 I 75761 
Maximum I 66 I 476 I 6613 I 2794 112500 I 98o I 144641 

I n=26 I n=24 I n=26 I n=26 I n=27 I n=2ll n=27l 
1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ I 
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L-llls 
Tributyltin levels in Mussels and sediments in Italian Coastal Waters 

S. GERACI , N. CARDELLICCHIO, C. MARRA and P. PATERNO 

lstituto Sperimentale Talassografico C.N.R. Taranto (ltalia) 

Organotin corrpounds concentrations in marine envirorrnent and their effects on 
organisms have been studied since the eighties. Many data care fran U.S.A. and 
Great Britain; several works have been made on "Imposex", rrostly concerning 
Nucella lapillus (Gibbs et al. 1987). Viceversa it is not easy to find some 
literature about organotin compounds concentrations in water and organisms fran 
the Mediterranean sea. 
As the presence of such compounds is mainly due to naval antifouling paints, but 
also to biocides for agricultural and industrial use, we decided to make a 
preliminary survey in different environments. 

e Taranto A LilSpezia •scardovari 
Fi..g.. 1 - The t.Nt.ee coa~.ta.!. ~i...tM choo~en ·i.n J.ta.!.i..an. wa.tM~ and i.n .the f.oWL 
-<amp.l..i.n.g. -<i...te-< choo-<en. i.n T G/l.an..to ba~i.n~. 

Material and methods. 

We have chosen Taranto and La Spezia harbours because in both there are mussels 
cultivations. Both the harbours have an Italian 1-lilitary Navy base. Mussels have 
also been collected from a cultivation located not near an harbour, in the 
Northern Adriatic sea: Scardovari lagoon, in the Po river delta. 
'Ihe samples has been made in the first months of 1989. In Taranto, ~'.here the 
Institute is located, mussels samples have been made in different areas(Fig.l). 
In the same winter season sediment have also been analysed. 
TBT and total tin have been determined by mean of atomic spectroscopy with 
Zeeman graphite furnace (Stephenson and Smith 1988). 
Five subsarples containig 15 rrussels were analysed for each sample, as we'll as 5 
sediment samples have been analysed in each of the four sampling sites in 
Taranto. 

0.01 

• Total tin fm'_ tsr 

F -4;.. 2 - T o.ta.!. and T 111.but!j.-L T i.n concen-Vt.ation i.n .the mu~~e-1.~ of. .the f.oWL 
-<amp.!..i.n.g. -<i...te-< i.n T=an..to ba~i.n~ and i.n .the t.Nt.ee coa~.ta.!. ~amp.!.i.ng. ~i...te~: 
T=an..to, La Spe~a and SCa/1.dovG/I.i... 

As we can see in fig. 1, the presence of organotin compounds in the two 
considered harbours is by far higher than in the Po river delta. In particular 
in La Spezia harbour TBT values are about four times higher than those in 
Taranto. Being the total tin concentrations similar in the two harbours, one can 
think about a different status of degradation processes. We know, in fact, that 
TBT tends to became Dibutyltin, Monubutyltin and inorganic tin at the end. So 
higher values observed in rrussels fran La Spezia may be due to a recent TBT 
water contamination by antifouling paints not yet degradated. 

Tab.!.e 1. T o.ta.!. and T 111.buty.!. Sampling sites 3 
T i.n concen-Vt.ation i.n ~edi..-

men.t-1 of. .the f.oWL -<amp.!..Uu). Total Tin (ppm) 0.137 0.362 0.529 0.402 
~i...te~ i.n T G/l.an..to ba<li.n~. TBT (ppm) 0.021 0.048 0.015 0.016 

TBT values both in mussels and in sediments from the four sampling sites in 
Taranto basins show a pike at station 2, the nearest to the Navy Arsenal, and a 
decrease towards the open sea. On the cmtrary total tin tends to increase 
towards the open sea (Fig. 2). Finally it is interesting that TBT accurrulation in 
sediments, in the range between 0.02 and 0.05 ppm, is more homogeneus and only a 
little lower than in mussels. Mussels collected from cultivations far from ship 
traffic (Scardovari) show TBT values lower than one order of magnitude (0.003 
ppm) at least. 
Sea water TBT concentration and Organotin different degradation status both in 
Mussels and sediments, will contribute to understand better the true role and 
risks, for hunan beings too, caused by this Kind of polluti~. 
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L-!119 
Sensitivity of Sea Bass, Dicentrarchus /abrax early developmental 

stages on water soluble traction of Crude Iraq Oil 

Branko GLAMUZINA 

Laboratory for Mariculture, Institute of Oceanography and Fisheries, P.O. Box 114, 58000 Split (Yugoslavia) 

It is well known that early developmental stages of diffe

rent fish, like herring, plaice, cod, etc., are very sensitive 

to different types of oil, oil derivatives and oil hydrocarbons. 

These life stages, especially eggs and larvae represent the most 

susceptible part of the whole life cycle ( K~hnhold, 1977 ) . 

However, there is no published data on sensitivity of Mediterr

anean fish species to crude oils normally transported in this 

area. So, early developmental stages, fertilized eggs, yolk-sac 

larvae and postlarvae of one typical Mediterranean fish species, 

Dicentrarchus labrax Linnaeus, 17 58, were in our experiments 

exposed to crude Iraq oil, which is common in tanker traffic in 

the Adriatic sea. 

Eggs, larvae and postlarvae of sea bass used in the experiments 

were provided by artificial spawning and rearing_ ( Katavic, 1986 ) • 

Water soluble fraction of crude Iraq oil was prepared by methods 

of Anderson et all., ( 1974 ) • Experiments were done in triplicate 

under static conditions, in water bath with ambient sea water 

( 11.2 ° C ) • Medium was gently mixed by aeration f:com the jar 

bottom. 

The analysis showed water soluble fraction ( WSI' ) of crude 

lraq to be very rich in light hydrocarbons' toluene' xylene' 

benzene and naphthalenes. 

Eggs exposed to WSF in gastrula stage showed high resistance 

during first 72 hours. Thereafter i all developed embryos died 

in all concentrations, and only in lowest ( 10 % ) WSF concen-

tration 4.1 % embryos hatched, compared to 75 % in the controls. 

Most of dead embryos were in different stages of embryogenesis 

( 95 % ) , and only small number in late gastrula stage. Heart

beat rate in embryos was dras·.:.ically reduced and only in lowest 

WSF concentration we observed arithmic heartbeats. All hatched 

larvae in 10% WSF had spinal deformities and lay immotile on jar 

bottom. Hatched larvae in control groups had only 0.3 % spinal 

deformities, regular heartbeat 60 beats per minute ) and were 

very motile. 

Short term exposure ( 24 h of two day old larvae showed 

slight increase of mortality toward higher WSF concentrations, 

but only the highest concentration ( 50 % ) had significantly 

higher mortality if compared to the controls. Examination of WSF 

influence on yolk sac resorption showed slowing down of the 

resorption rate in two higher i 30 and 50 % ) WSF concentrations 

which is associated with slower motility of larvae in jars. This 

has .. been atributed earlier to narcotic effect of oil hydrocarbons 

( Kuhnhold, 1977 ) . 

Postlarvae ( 20 days old ) seemed to be most resistant among 

studied sea bass stages. Lowest WSF ( 10% ) concentration showed 

similar mortality during all 96 h exposure as that in the controls. 

Other concentrations had significantlly lower survival after 24 h 

exposure, but if compared with gilthead sea bream, Sparus ~ 

postlarvae ( Glamuzina et all., 1990 ) , they are more resistant 

to the exposure to water soluble fra,ction of crude Iraq oil. 
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Arsenic in the Marine Environment of Five Gulfs of Greece 

Apostolos P. GRIMANIS 

Aadioanalytical Laboratory, National Center for Scientific Research ·oemokritos·, 153 10 Ag. Paraskevi 
Attikis, Athens (Greece) 

Arsenic (As} is considered a toxic trace element for plant, animal and human 
organisms. As, and certain arsenic compounds, have been 1 is ted as carcinogens by the 
Environmental Protection Agency of USA. As enters the marine environment through 
various industrial activities as well as insecticide production and use. 

Neutron activation analysis (NAA} is a very sensitive, precise and accurate 
method for determining As. This paper is a review of research studies concerning As 
in the marine environment of five gulfs of Greece by NAA performed at our Radioana· 
lytical Laboratory. The objectives of these studies were: (a} to determine the levels 
of As concentrations in marine samples from 5 gulfs of Greece, (b) to pinpoint As 
pollution sources and, if possible, to estimate the extent of As pollution, (c) to 
find out whether edible marine organisms from the Gulfs of Greece receiving domestic, 
industrial and agricultural wastes have elevated concentrations of As in their 
tissues that could render them dangerous for human consumption. 

A radiochemical NAA method (GRIMANIS 1969) was mostly applied for determining 
As in seawater and marine organisms. Seawater filtered through 0.45 pm pore size 
filter. Instrumental NAA was used for As determination in bottom sediments. 

Arsenic in the marine environment can be methylated by anaerobic organisms to 
dimethylarsine (McBRIDE and WOLF, 1971). It appears that in marine organisms the main 
form is organic As which is much less toxic than inorganic As. 

Arsenic has been determined in marine samples collected from 5 Gulfs of Greece 
(Saronikos, Evoikos, Korinthiakos Gulfs, Kissamos Gulf in Crete and Gera Gulf in 
Lesbos} shown in the map of Greece (Fig. 1). Saronikos Gulf was the most extensively 
studied within the framework of the United Nations Environment Progranvne for Mediter
ranean Pollution Monitoring Research Project (UNEP/HEO POL). 

The discharge of industrial and domestic wastes entering Northern Saronikos 
Gulf through the Athens Sewage Outfall (ASO), a Ferti 1 i zer Plant (F. P) and other 

!~~~!i;~ e!n~u;!~1~e~i~a~~!r h!~b~;a~~s 1b~d k~~ ~~ e~~!e~o~~~~~t~!~!~~~o~f G~~ f i ~eafl oor. 
The distribution of As in the water column (total particulate and dissolved} 

and in sediment core samples (total, [all chemical forms of As present in sediments], 
0.5N HCl extractable [anthropogenic As], and residual [non anthropogenic]) from N. 
Saronikos Gulf was determined: 

In seawaters most of the As was found in dissolved form (94-99.9 per cent} with 
a trend of increasing concentration with depth. Concentrations ranged as follows: 
2.4-7.2 ~g/1 for total As, 2.3-7.2 pg/1 for dissolved As and 0.01-0.27 IJg/1 for 
particulate As. Maximum values of As were found near the ASO. 

In sediments As concentrations (total) increase from background· levels of about 
10 11g/g to 570 pg/g near the ASO up to 2900 pgjg near the F .P (Perhaps to intermit
tent dumping of arsenopyrites) Total As concentrations tend to increase with 
sediment depth. Residual As concentrations are the predominant form in core samples 
near the ASO; near the F.P extractable As is the predominant form. In sediments from 
stations not under the influence of the pollution sources As was found to be mainly 
in residual form. 

The partitioning of As (ANGELIDIS and GRIHANIS, 1987} into three fractions 
(reducible by acidified hydroxylamine hydrochloride [As scavenged by Fe/Mn hydrous 
oxides), oxidizable by acidified hydrogen peroxide [As contained in organic matter 
and sulfides] and the residual after the previous ex'tractions [detrital As] of 
Saronikos Gulf surface sediments was determined by using a sequential extraction 
technique (SALOMONS and FORSTNER, 1980). The arsenic content in the reducible and 
oxidizable fractions increases in polluted sediments near the ASO and the FP. In 
non-polluted sediments the residual fraction is the most important carrier of As. 

At a distance of about 5 km from ASO seawater and sediments contain total As 
concentrations which can be considered natural background levels for Saronikos Gu.lf. 

~. 

'~J 

Fig. !. GREECE 

Gulfs investigated 
are shown with No.: 

I = Saroni kos 
2 = Korinthiakos 
3 = Evoikos 
4 = Gera ( Lesbos) 
5 = Kissamos (Crete) 

Seawater and sediment samples showed higher concentrations of As southwest than 
southeast of the pollution sources. This distribution suggests a westward transfer 
of As, probably due to the cyclonic movement of the water masses of the Saronikos 
Gulf. 

No strong accumulation has been detected in seawaters and sediments of Evoikos, 
Korinthiakos, Kissamos and Gera Gulfs. 

Concentrations of As found in the flesh of benthic fish species such as 
Pagell us erythrinus, Sargus annul ari s and Mull us barbatus collected from Northern 
Saronikos Gulf were twice as high as those from other Gulfs of Greece (Evoikos, 
Korinthiakos, Kissamos and Gera Gulfs). These high concentrations of As were compara
ble to natural "background" levels so that these benthic fish species do not reflect 
the very high As concentrations found in seawaters and sediments of N. Saronikos 
Gulf. 

The author feels that it is a personal pleasure to mention the very important 
contribution of Angelidis M., Griggs, G.B., Hadjistelios, I., Kalogeropoulos, N., 
Papadopoulou, C., Vassilaki-Grimani, M. and Zafiropoulos, D. to several papers 
mentioned in this review. 
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Factors controlling secondary productivity (Level 1 and 2) of 
polluted temperate coastal waters (lzmir Bay, Aegean Sea): a 

multivariate model 

Tulan KORAY, Baha BUYUKISIK and Sevket GOKPINAR 

Ege Universitesi, Fen FakOitesi, Biyoloji BoiOmO, Hidrobiyoloji Ana Bilim Dali, Bornova, lzmir (Turkey) 

In coastal areas that are characterized by well-mixed water 
column depending on the continuous water movements, inputs of 
nutrients by rivers and sewages cause a complexity in the planktonic 
food web. Typically, there exist excessive amounts of phytoplankton in 
such waters. However, this high primary productivity has not reflected 
to level 1 and 2 secondary productivity just enough because of complex 
relationships, among species and eu- or hypertrophicated environment 
such as pollution caused high mortality in certain development stages, 
different tolerance to different pollutants, variations in feeding 
habits during the pollution process, pollution controlled competition 
and even the decreasing of zooplankton filtration rates due to dense 
phytoplankton cells etc. (BOUGIS, 1976). 

In the present study, it was analyzed and discussed how far the 
eutrophication or hypertrophication have affected zooplankton 
abundance. The results were represented as a multivariete model. 

The samples evaluated in this study were collected with a 5 liter 
universal series water sampler down to 15m. depth by 0.5, 2.5, 5.0,10 
and 15 m. intervals from 6 stations on a 6 km. line monthly or 
bimonthly. 

As su.mmarized in Table I, individual number of total zooplankton 
which were mainly produced by nauplii, copepodites and adults of 
Oithona nana, Acartia clausi and veliger larvae of bivalves, were 
statistically related with orthophosphate phosphorus, dinoflagellate 
abundance, density, diatom abundance, total inorganic nitrogen and 
silica respecti~ely (Figure 1). 

In accordance with multiple regression function, the fact that 
the orthophosphate phosphorus was the most significant parameter, 
proved that the importance of phosphorus excretion by zooplankton in 
eu- or hypertrophicated environments. It was clearly determined that 
the zooplankters feed both dinoflagellates and diatoms due to the 
phytoplankton succession and variations in density but preferably 
consumed dinoflagellates. There existed an inverse relationship 
between total inorganic nitrogen in which the most important ammonio
telic zooplankton excretion products were found, and zooplankton 
individual number because these compounds were basically included in 
the system as toxic non-ionic ammonia form by sewages, riverine inputs 
and degradation of biological materials in such environments. 

Silica that might be an important selective factor affecting the 
ecology of estuarine and coastal phytoplankton (HECKY and KILHAM, 
1988) was the least important factor for the zooplankton abundance. 

Table I: Statistical parameters of the multiple regression of Zoopl. nb 
=(Po .. -3-p~-424) (Din. o.:J.29) (lOo-~:~.7o--t) (Dia. -o.os7) (!N-o.<><>o) (Si -:1..o~4) 

Variables 

Po .. - 3-P(IJ,g-at l_,_l 
Din. (cells nb.l-:1. l 
Density(o-tl 
Dia. (cells nb. r 1

) 

:rN(IJ,g-at 1-:1.) 
Si(IJ,g-at 1- 1

) 

Regression Standard Lower 
coefficient errors limit 

1. 42397 
0.12874 
0.11701 

-0.05719 
-0.65952 
-1.01405 

0.16030 
0. 03471 
0.00772 
0.02479 
0.09763 
0.08366 

1.10636 
0. 05996 
0.10171 

-0.10631 
-0.85296 
-1.17982 

Upper 
limit 

1. 7 4159 
0.19751 
0.13231 

-0.00807 
-0.46607 
-0.84828 

F 

141.41 
11.76 

28818.07 
5. 32 

172.26 
1143.40 

Full regression F=5048. 7 p<O.OOOO R2=0.996 "'-;:>• =0 .1521 

ltlNTER SPRING SUMMER AUTUMN 

-·-·-·-·-Observed 
-Fitted 

40 80 120 

Sample numbers 

Fig. 1: Graphic representation of the model. 

The assimilation of soluble silica by diatoms before each grazing 
period must give rise to the negative relationship. 
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L-III12 
Les Hydrocarbures Aromatiques Totaux dans les eaux de surface de Ia 

Baie de Monaco 

C. MARMENTEAU 

Centre Scientifique de Monaco, 16 boulevard de Suisse, MC 98000 (Monaco) 

Les hydrocarbures aromatiques polycycliques (HAP) 
presentent des effets toxiques (proprietes cancerigenes) a 
court et long termes sur les especes marines et les 
ecosystemes. Ces proprietes et leur forte concentration dans 
les petroles bruts (15 a 30 %) , nous ont conduit a etudier 
leurs variations en baie de Monaco. 

L'etude de cette region a ete effectuee sur quatre 
stations a 1a frequence d'un prelevement de surface par 
quinzaine. Ces stations sent distribuees dans un quadrilatere 
de 2 milles marins · sur 6 milles marins. Trois d' entre elles 
sent franchement cotieres, la quatrieme est situee a 6,5 milles 
au large. 

Les prelevements sent realises en surface (0 a 20 em), par 
le navire oceanogr<;phique RAMOGE. Les HAP sent mesures par 
spectrofluorimetrie · (longueur d'onde d'excitation 310 nm, 
longueur d'onde d'emission 360 nm). 

L' ensemble des resul tats analytiques obtenus montre des 
fluctuations dans l 'espace et dans le temps, avec des teneurs 
comprises entre 0 et 9,4 jJJJ 1-1 . Les valeurs mesurees dans la 
baie de Monaco sent du meme ordre que celles rapportees en 
Mediterranee occidentale par le PNUE, 1988. Dans l'echelle de 

Pollution _).l.g/1. moyenne ecart type 
Absence ou tres faible <0, 3 9% + 9% 
Tres faible >0,3 et < 39% + 12% 
Faible > 1 et < 33% + 11% 
significative > 2 19% + 8% 

Tab.l - Classification des teneurs mesurees. 

pollution proposee par MARCHAND, 1985 (Tab.1), 9% des teneui's 
ne sont pas l 'indice d 'une pollution par hydrocarbures 
aromatiques et 19%_ presentent une pollution significative 
superieure a 2 )J.9 1-1. 

Stations 
1 3 moyenne ecart type 

1980 1,25 0,96 1,09 1,05 1,09 1, 67 
1981 1,51 1,54 1,17 1,16 1,33 0,09 
1982 1, 74 1,51 1,43 2,20 1, 73 2,51 
1983 1,13 1,01 1,22 1, 00 1,09 1, 33 

moyenne 1,44 1,27 1,23 1,38 1,33 

Tab.2 - Moyennes annuelles et par station. 

Les moyennes des quatre annees de mesures (Tab, 2) sent en 
general plus fortes sur la station 1 du large que sur les trois 
stations cotieres, avec un minimum pour la station 3 du centre 
de la Baie. 

Couples 1-2 1-3 
Hydrocarbures o, 7 2 0, 60 

p < 0,001 0,01 

1-4 
0,57 
o, 01 

2-3 
0, 66 
0,01 

2-4 
0,51 
0,01 

Tab. 3 - Coefficients de correlation (logarithmique). 

3-4 
0,80 
0,001 

Les correlations entre stations calculees sur les valeurs 
logarithmiques (Tab~3) sent significatives au seuil 5%, en 
particulier entre les stations 3 et 4. 

stations 
3 

E H E H E H E H mE mH 
1980 1, 21 1,29 1,19 0,81 1,34 0,90 1, 39 o, 75 1,29 0,93 
1981 0, 78 2,11 1,07 2,00 0,54 1,80 0,67 1,60 0, 75 1",87 
1982 1,59 1,87 1,39 1,62 1,40 1,47 2,08 2,29 1,61 1,82 
1983 o, 78 1, 35 1,00 1, 02 0,99 1,37 0,85 1,09 0,91 1,20 

1,20 1, 68 1,16 1, 35 1,06 1,39 1,26 1,46 

Tab.4 - Moyennes des periodes estivales et hivernales. 
(E=ete, H=hiver, m=moyenne) 

Les valeurs annuelles sent generalement en augmentation de 
1980 a 1982 (Tab;2) puis baissent en 1983. Le maximum de 1982 
differe significativement au seuil 5% de l 'ensemble des 
valeurs. Les moyennes estivales (Tab;4) sent generalement plus 
faibles que les. moyennes hivernales, a l'exception toutefois 
des stations 2, 3 et 4 en 1980. 

Les processus geochimiques apportent des elements 
d' interpretation des differences observees. En ete, les 
temperatures elevees jouent un role important dans 
1 'elimination des substances organiques volatiles a l' interface 
eaujatmosphere. En hiver ces phenomenes sent ralentis. 

Des analyses complementaires sent necessaires pour 
preciser le role de ces processus et l'origine des HAP mesures 
(rejets petroliers, retombees atmospheriques, rejets 
terrigenes, biosynthese, etc.). 
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L-III13 
Pollution of saronikos Gulf by Petroleum Aromatic Hydrocarbons 

A. MYLONA' , J. HATZIANESTIS .. , N. MIMICOS .. , R. PSILLIDOU' and E. 
GREGORIADOU-GEORGAKOPOULOU" 

'National Centre for Marine Research, Ag. Cosmas, Hellinikon (Greece) 
.. National Centre for Research of Physical Sciences "Democritos", Ag. Paraskevi Attikis (Greece) 

Saronikos gulf is a semi enclosed bay in Greece. In ?rder to study_the pollu
tion status of the gulf, Saronikos is divided into four reg~ons: A (E~efs1s b~y), B 
(Western area), C (Internal area), D (External area) (F:g. 1). Th1s work 1s done 
whithi·n the framework of MED-POL program. As a part . of th1 s pro~ra~, . samples . of 
water from 1m depth, surface sediments, mussels (my~1lus galloprov1ncu~1s) and f1sh 
(striped mullus and mullus barbatus), collected dunng 1988-89 are exam1ned for PAHs 

conte~~Hs content in all samples are determined fluorimetrically, according to the 
standard methods of IOC (UNESCO, 1982, 1984). Synchronous fluorimetry (ll>-=4 nm) 
gave information on the constitution of PAHs mixture in samples {TUAN VO-DINH, 197~) 

The spatial distribution of dissolved I dispersed petr?leu~ hy~rocarbons 1n 
water surface samples collected in February 1989 and seasonal d1stnbut1on o~ DDPH 
are shown tn Figures 1 and 2 respectively. The isolines of Figure 1 are sim1lar to 
those of total polyaromatic hydrocarbons in 
the surface sediments {Figure 3). As con
cluded from Figures 1 and 3 Elefsis {A) 
seems to be the most polluted area of the 
gulf. (DDPH 3.9-11.3 11g/L, sediments 
31-71.2 11g/g and mussels 72.9-80 IJg/g 
expressed in chrysene equivalents). This is 
reasonable, since it is a shallow basin 
(max. depth 30m) which receives a great 
amount of sewage from the urban activity of 
the metropolitan area, as well as from the 
industries located at the northern part of 
the gulf. 

The va 1 ues of PAHs at the Western part 
area B, (DDPH 1.9-5.6 JJg/L, sediments Fig. 1. surface distribution of DDPH 
5.2-16.1 11g/g) are low, though a slight (!lg/L) and values of PAHs in mussels 
increase at the upper part may be attrib- (M:!lg/g) from saronikos gulf in chry-
uted to the oil refinery, located at the sene equivalents. 
western coastal area. 

In the internal basin (C), values of DDPH and PAHs in sediments appear higher 
than those in area B but clearly lower than those in Elefsis bay (ODPH 1.9-13.1 
11g/L, sediments 9.5-29.5 11g/g, mussels 55.1-63.5 11g/g). Indeed the internal part of 
the gulf is polluted from Athens central sewage outfall. 

10.0 

1.0 
1.0 
7.0 

1 
1.0 
5.11 

4JJ 

3.11 
IJJ 

1.0 

0.0 

~0~ 
0 

.. ..:::::::::::::~ ... ·--·--. 
Fob oJun Doo 

Fig. 2. seasonal distribution of OOPH 
(0.5 m depth) in saronikos gulf dur
ing 1989 (-o- area A, ~- area B,. •
area c, -+- area D). 

Fig. 3. surface distribution of PAHs 
(!lg/g) in sediments from saronikos 
gulf, in chrysene equivalents. 

Finally low values at the external part (DDPH 0.6-2.1 11g/L, sediments 0.8-6.2 
1Jg/g, mussels 22.4-31.7 11g/g) are well explained by the fact that part D is the area 
of Saronikos gulf where renewal of water masses takes place twice a year. 

Concentrations of PAHs in fish muscles collected in the gulf during 1988-89 
show mean value of 22.4 ng/g for striped mu11et and 14.5 ng/g for mullus barbatus 
correspondingly. 

The above results indicate that it should not be concerned that po11ution of 
Saronikos gulf has affected fish although mussels and sediments appear higher values 
of PAHs, playing the role of concentrators. 

The synchronous fluorescence spectra show the presence of naphtha 1 enes. More
over the wide range of aromatic compounds appearing at the fluorescence spectra 
(Fig. 4) indicates the petroleum origin of PAHs examined. 
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Fiq.. 4. Typical synchronous fluores
cence spectrum (XLA:4run) of PAHs 
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L-III14 
Heavy Metal Toxicity on /dotes baltica (Crustacea, lsopoda) 

M. de NICOLA GIUDICI, C. GAMBARDELLA and S.-M. GUARINO 

Dipartimento di Genetica, Biologia Generals e Molecolare - Universita di Napoli, Via Mezzocannone, 8 ~ 80134 
Napoli (ltalia) 

Stazione Zoologica "Anton Dohrn", Villa Comunale, 80121 Napoli (ltalia) 

Resume 
on decrit la toxicite acute (LT, 0 ) de 6 metaux lourds (Cd, Cu, 

cr, Hg, Fe, Zn) sur des femelles, des males et des juveniles de 
1' isopode I.- ~- Des concentrations subletles de Cd ou cu 
produisent des retards de survie et de croissance, et notamment des 
alterations du sex-ratio. Nos resultats confirment la susceptibilite 
des populations a des contaminations chroniques. 

Environmental stresses caused by heavy metal contamination 
resulted in population disturbance, consequently reflecting the whole 
ecosystem biotic relantionship (1). It has been showed (2, 3, 4) that 
acute toxicity tests ( LT50 ) are unable to state the true ecological 
damages if no correlated to long term effects, being the persistence 
of a species more easily affect by continuous sublethal contamination 
than by a single massive one. 
~ ~. a crustacean isopod widely distribuited along 

marine coasts, constitutes a very important link between detritus and 
grazing food chains ( 5) . 

Fig 1 15i~ 
:~ 
0
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Fig .1 Body growth (as mm lenght) 
of JUVeniles bred SW (- control) 
in 0.5 mg·l-'- of Cd (._)or cu (-&) 

These data refer only to females. 

~i~h 2 
0. ~~~v7~~~ ~~ ofib) j~~~ni~~~ 

mg·l-'- of Cd. 
Fig.3 Survival of ~ juveniles 
with 0.005 (a), 0.01 (b) and 0.5 
mg·l-'- of Cu. 
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Under standard laboratory conditions acute toxicities of Cd+ 2
, 

cu+ 2
, cr-+ 4

, Hg-+ 2
, Fe-+- 2

, Zn+ 2 were evaluated by means of LTso 
separately on males, females and juveniles exposed to several 
concentrations of metal ions, rancing from 0.01 to 10 mg·l-'-. An 
increasing scale of toxicity, cd+" < Fe+" < zn+" < cu+ 2 < cr+ .. < Hg+", 
has been evaluated. Juveniles result more sensitive than adults 
(p<.01) and, for low concentrations of cd+" or cu+" only, males 
appeared more sensitive than females ( p<. 01) . 

Since cd+" and cu+" are more frequently recorded in coastal 
waters, their long-term effects has been studied on growth rate, sex
ratio and survival of juveniles. Low contaminations (0.5 mg·l-'-, 0.01 
mg·r'-, 0.005 mg·l-'-) during: i) embryonic development (E+J-), ii) 
juvenile development (E-J+), iii) both embryonic and juvenile 
development (E+J+), were performed. 

The highest concentration ( 0. 5 mg · 1 _,_) induces significative 
modifications in all tested biological parameters. When sex 
differentation takes places, sex-ratio measured on day 60, appears 
strongly modified, females largely exceeding males (75% and 84% 
respectively for Cd and Cu). This indicates a higher male sensitivity 
respect to the females during the first two month of development. 
Consequently the growth rate was determined at this concentration only 
for females specimens, whose lenght is strongly reduced (p<.01) by 
both Cd and Cu treatment (Fig .1) . 

No modifications of growth and sex-ratio is given by exposure to 
0.005 mg·l-'- or 0.01 mg·l-'- Cd or Cu, while the survival is 
significantly affected (Fig. 2, 3), resulting the embryonic and juvenile 
treatment (E+J+) the most toxic and the embryonic treatment (E+J-) 
less. The Cu is more toxic than Cd in the juvenile treatment (E-J•). 

No morphological differences between exposed and control animals 
never appeared. 

In conclusion the acute toxicity test indicates the Hg the most 
toxic and the Cd the less one. The chronic toxicity test indicate that 
0.5 mg·l-'- affects strongly growth rate, sex-ratio and survival up to 
the total disappearance of ~ ~population. On the other 
hand the lower concentrations (0.01 - 0.005 mg·l-'-) mainly reduce the 
survival up to about 40%-60% of the control values with a general 
repercussion on the community. 
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L-IIII5 
The Filtration Rate in the Mediterranean Mussel Mytilus 

galloprovincialis as a parameter to assess the toxicity of Zinc and 
Copper acting together 

E. PAPATHANASSIOU 

National Centre for Marine Research, Agios Kosmas, Hellinikon, Athens 16604 (Greece) 

The effects of two heavy metals, copper and zinc, acting together 
on the filtration rate of the Mediterranean blue mussel MY.t.i.l...lJ.. 
galloproyincialis was studied, providing data on the synergism or 
antagonism between these two trace metals. This study also tried to 
evaluate a fairly simple and rapid procedure for screening and 
monitoring pollutants and effluent. 

The animals were obtained in early December 1988 from a mussel 
farm located near the Salamis Island (Saronikos Gulf, Greece) and were 
kept at a depth of about 1 m. for a period of 4 weeks with mortality 
less than 0. 8%. All experiments were conducted in a constant 
temperature room with 18±2 • C. The nominal concentrations, in the 21 
experimental aquaria, that were used to study the effects on the 
filtration rate, made up from a stock solution, were the following: 
Conc.1: 0.025 ppm Cu + 0.25 ppm Zn; Cone. 2: 0.05 ppm Cu + 0.5 ppm Zn; 
Cone. 3: 0.1 ppm Cu + 1 ppm Zn; Cone. 4: 0.2 ppm Cu + 2 ppm Zn; Cone. 
5: 0. 3 ppm Cu + 3 ppm Zn; Control. Measurements of the above solutions 
showed very small variation from the actual values. 
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Fig 1. Effect of Cu and Zn on 
the filtration rate as percentage 
of the controls after 20 min. 
Vertical lines represent 95 % 
confidence limits. 
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Fig 2. Effect of Cu and Zn on the 
filtration rate as a percentage 
of the controls after 40 min. 
vertical lines represent 95 % 
confidence limits. 

Following the procedure described by Abel & Papathanassiou ( 1984), 
samples of about 20 ml of water were removed after 20 and 40 m:i,n and 
measured, using a Perkin-Elmer/Hitachi Spectrophotometer. The formula 
described by Coughan (1969) was then used to determine the filtration 
rate. Three replicates were made for each combination of the concentra
tions including the controls. For the first· period (0-20 min) there was 
a significant difference between groups (F=10.008, p '= 0.0006) namely 
between the controls and the lowest concentrations and all other 
concentrations (Fig 1). Significant differences were also observed for 
the second period (20-40 min) (F=7.187, p = 0.0025) (Fig 2). The sensi
tivity from these experiments resembles to a large extent the 
filtration rate of the control samples of MY.t.i.l...lJ.. ~ described by 
Abel (1976) and relatively lower than that described by Abel & 
Papath<>nassiou (1984); they took their samples from the local fish 
market (commercial supply) while in this experiment the animals were 
collected from a relatively undisturbed site offshore from the Salamis 
Island. Another factor which could also affect the fi1tration rate is 
the season in which the experiments are carried out. Abel & 
Papathanassiou ( 1984) experimented during the summer months, at the 
peak of the spawning season, while the present experiments were 
conducted during the winter months, preceding spawning, when lower 
metabolic activity is involved. Similar experiments in bivalves showed 
that when heavy metals are applied individually, the filtration rate is 
generally lowered (Cappuzo & Sasner, 1977; Watling & Watling, 1982; 
Howell et al, 1984; Mathew & Menon, 1984). 

The concentration 1 is not significantly different from the 
controls, which suggests that the filtration rate is not affected under 
this environmental regime. The higher filtration rate reported for 
animals exposed at concentration 3, is unknown and must be related to 
the different physiological state of the animals, suggesting that the 
elevated activity observed at the low concentrations may alone be due 
to the increased metabolic rate to compensate the metal stress (Mathew 
& Menon, 1984). The decrease of the filtration rate that was observed 
for low conqentrations suggest that at this level there is a reduction_ 
in the filtration rate due to the presence of heavy metals. The 
combination of concentrations of the two metals in the present study 
suggest that copper and zinc have certainly synergist effects but no 
additive ones. Finally there are advantages and disadvantages in using 
M..... gal!oproyincialjs as a test organism in the Mediterranean region. 
Among these are such extraneous factors as the organism's size and age, 
its habitat and seasonal variations. Some lack of precision in the 
results may be resolved if a lot of specimens are used. There are also 
the added effects caused by the possible metal-metal interactions and 
the time period during which the experiment should be conducted. 
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L-11116 
Marine Pollution by Determination the Total Phenolic Compounds in 

EI-Mex Bay, Alexandria (Egypt) 

M.-A. SAID and M.-S. EL-DEEK 

National Institute of Oceanography & Fisheries, Kaye! Bey, Alexandria (Egypt) 

El-Mex Bay, west of :Alexandria, has a mean depth of 10m. Its surf
ace area is of about 19.4 km2 and its volume 190.3 x 1u9 m3• It recei
ves a heavy load of waste water (2.4 x 109 m3 /year) both directly from 

industrial outfalls and indirectly from lake 1\hryut via El-Mex Pumping 
Station. Throughout the period from January 1988 to January 1989, sev
en marine trips were carried out in El-Mex Bay area using a motor boat. 
In four of them, temperature, salinity, dissolved oxygen and the total 

phenolic compounds were measured at sur.-face and bottom from seven sam
pling stations. Fig.1, presents El-Mex Bay area and locations of the 

sampling stations. Phenol determinations were carried out colorimetri
cally with antipyrine method using a Shimadzu-Double-Beam model spect

rophotometer UV-150-02. The method is described in the Stan~_rd Methods 

of Water Analysis pub

lished by the American 
Public Health Associa
tion (1985). Table 1, 

illustrates the tot- ~J 
al phenol concentra
tion at some stations 
in El-Mex J:lay area. 
The total phenol is 
generally presented 

fn higher concentr-

ations in the near

r 

Fig.l. El-Mex Bay area. 

shore stations decreasing seawards. 

30 so 

Table 1. Total phenol concentration (ppm) at some selected stations. 

-----------------------------------------Jo------------------------------------
January February Apri 1 June 

Station No Surface Bottom Surface Bottom Surface Bottom Surface Bottom 
------------------------------------------------------------------------------

186.25 100.74 212.08 202.56 154.44 125.89 231.11 76.40 

184.76 

62.54 

85.38 207.46 143.29 183.94 101.96 147.10 52.48 

25.17 90.13 21.21 87 .1l> 44.05 77.22 38.07 ----------------------------------- ... ------- .. ----------- ... ----------- .. ----------
The statistical analysis between data sets of the total phenolic 

compounds and temperature, salinity and dissolved oxygen during the 
period of investigation are listed in table 2. 

Table 2. Linear regression analysis. 

Jl 
10 

----------------------------------------------------------------------
Parameter 
Temperature 
Salinity 

Dissolved oxygen 

n x A B r 

44 19.83 32-33 -0.070 -0.390 
44 29.67 43.83 -0.136 -0.626 
44 2.22 19.46 -0.040 -0.186 

significant 
no 
yes 

no ----------------------------------------------------------------------
The weak correlation (r < 0.4) could be attributed to another inde

pendent factors such as meteorological or biological conditions. For 

r • 0.4 is not fairly bad for su<..:h type of study. Our value of (r ; 

-0.626) confirms· the high degree of correlation between the total phe

nolic compounds and salinity that was apparent from table 2. Negative 
values of r indicate a line going down to the right (as one of the va
lues increases the other decreases). J 00 

Referring to table 10A (Neil R.~ 

Uliman, 1978), we find that the 250 

critical values of correlation 

corresponding to n ~ 44 are 0.2976 E 
200 

(at the 5% level of significant) 
150 and 0.3848 (at the 1% level of 

significant). Our computed coeff- } 
icient. was 0.626, which far exce- 100 

eds even the upper value of 0.3848. ~ 
Then there is a significant linear so 
relationship between the total 

phenolic compounds and salinity. 
Fig.2. represents the best linear 

equation for the data given. •rhe 

regression line is only for predicting 
phenol values from salinity-values. 
References : 

fig z. 

10 20 30 40 
S.llinity "-• 

A possibl~ n .. '<}.C~.::O:::.lon line t.o p,ced.1ct the totdl 
pamolic ccmp::,.Jn.b fran solinit.y. 
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L-11117 
Effect of Pollution on the Hydrochemical Characteristics of Different 

Water Types in EI-Mex Bay Area, West of Alexandria, Egypt 

M.-A. SAID , M.-S. EL-DEEK , Th.-H. MAHMOUD and M.-A. SHRIADAH 

National Institute of Oceanography & Fisheries, Kayet Bey, Alexandria (Egypt) 

El-Mex Bay, west of Alexandria, has a surface area of about 19.4 
km2 :.d volume 190.3 x 106 m3. It receives a heavy load of wastewater 

(2.4 x '109 m3 /year). Seven marine trips were carried out in El-Mex Bay 

area during the period from January 1988 to January 1989 using a motor 
boat. Temperature, salinity, pH, alkalinity, dissolved oxygen, oxidiz

able organic matter, hydrogen sulphide, phenolic compounds and nutrie

nts salts were measured at surface and bottom from seven sampling sta
tions. The present work is an attempt to illustrate the extent of the 
influence of the polluted water on the characteristics of El-Mex Bay 
waters and to shed more light on the pathways of the pollutants in the 

Bay. 
Based on the distribution of surface salinity in the investigated 

area, four types of water are identified : 
1- Mediterranean l:iea water (S) of salinity > 38.5Q~o. 
2- Diluted sea water (D) with a salinity range from 30 to 38-50~o. 
3- Mixed water (M) of salinity 10 to 30%<>, and 
4- Mixed land drainage (L) with a salinity of less than 10%<>. 

According to El-Maghraby and Halim (1965), Said (1979) and Abdel
Moati and Said (1987), the salinity value 38.50%<> was taken to repres
ent the inner boundary of the neritic water off alexandria. This value 

still could be generally accepted and will be used here to identify 

the limits within which the diluted sea water extends horizontall sea
wards. The hydrochemical characteristics of the water t·ypes referred 

to the mentioned above are listed in table (1). The most important fe

atures which distinguish water type "L" from other types are the low 
salinity, low oxygen content, high concentration of hydrogen, sulphide, 

organic matter, alkalinity, chlorophyJ.l ~· nutrient salts (which is 
mainly pres!lnt in the ammonia form) and total phenolic compounds • In 
contrast, water type "B" free from the effects of drainage water has 
high salinity values and relatively high oxygen content but low alkal

inity, hydrogen sulphide, organic matter, chlorophyll !:• and nutrient 
salts. The study pointed out also that water types "M" and "D" are a!
fected to a certain extent by land drainage water which does indeed 

more clear in "M" water type than in "D" water type. 

Table (1). Seasonal variations of the hydrochemical characteristics of average 

values for the different water types. (L, M & D respectively). 

;:;:::~:;·-------------~~:::~::~---~;;::~:----~~~~~:~;;--·;.:::~:·--;~;;~;:---;~;;:;: 
Oxygen matter 

Month °C m10
2 

L-1 mg0
2 

L-1 millieq.L-1 uM uM uM 

;::::;;:·~~;;·-~~:;~-----~:;~--------~:~~--------;:~~-------;;:;~---·-;:;;------~:~;--

February ,1988 14.93 

April, 1988 21.07 

June, 1988 27.25 

August, 1988 28.41 

November 1988 19.60 

1.S2 

1. 70 

0.85 

0.81 

3.12 

7.07 

1.46 

2.39 

6.66 

1.68 

4. 76 

4.36 

2.87 

5.62 

5.61 

40.74 

57.66 

7.54 

72.20 

*** 

1. 74 

3.87 

0.63 

4.87 

2.70 

4.41 

0.67 

19.50 

January, 1989 14.20 2.93 6.62 5.66 *** 
~:~::;;:-~~;~--~~:~~---·-;:;~--------;:~~--------~:~;-------;~:~;-----;:~;------;:;;·-

February, 1988 15.45 

April, 1988 19.50 

June, 1988 26.50 

August, 1988 28. '~ 

November 1988 22.40 

1.82 

2.08 

2.~1 

1.60 

J.So 

4.80 

2.66 

1. 72 

5. 26 

3.99 

3.89 

3.45 

3.14 

4.19 

4.37 

31.91 

28.40 

3. 78 

16.89 

0.41 

4.17 

17.24 

3.57 

3.40 

9.29 

22.27 

16.15 

January, 1989 14.§0 3.47 5.29 3.56 *** 
------------------------------------------------------------------------~-------------
January, 1988 15.27 

February,1988 16.00 

April, 1988 19.70 

June, 1988 26.28 

August, 1988 

November 1988 22.72 

January, 1989 15.27 

*** not sampled. 
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2.28 

3.37 

2.55 

2.00 

3.68 

3.35 

4.80 

2.40 

1.20 

1.94 

0.95 

4.31 

2.82 

3.23 

3.04 

3.40 

3. 78 

3.08 

4.97 

8.83 

12.71 

5.46 

0.59 

o. 77 

2.66 

7.62 

0.17 

3.58 

17.49 

16.71 
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L-III18 
Evolutions chimique et biologique a long terme de sediments 

artificiellement contamines par de l'acetate de Plomb 

G. STORA" , A. ARNOUX .. at C. DIANA .. 

'Centre d'Oceanologia de Marseille, Station Marine d'Endoume, 13007 Marseille (France) 
''Labarotoire d'Hydrologie, Faculte de Pharmacie, 13385 Marseille (France) 

Introduction 
L'effet a long terme des pollutions chroniques ou accidentelles ne peut etre etudie de fa\'On 

satisfaisante que par une simulation aussi proche que possible des conditions naturelles. L'experimentation 
in situ repond a cette exigence. Pour etudier les effets du plomb sur les processus de colonisation et la 
dynamique de !a macrofaune benthique, un dispositif experimental a ete con9u mettant enjeu les facteurs 
du milieu nature! sur des sediments d'abord defaunes puis differemment traites: sans polluant (temoin 
experimental), avec acetate de plomb et avec acetate de Plomb + plomb tetraethyle (ARNOUX et a! 1988). 
Pour des raisons de protection le dispositif experimental a ete place a proximite de tables de Mytiliculture 
permettant d'etudier !'incidence sur Jes sediments pollues de !'apport regulier d'un materiel riche en 
matiere organique, _constitue en majeure partie de pelotes fecales et de pseudo!eces. Dans ce travail sont 
presentes les resultats obtenus avec les sediments contamines a !'acetate de plomb. 
Methodologie. 

Nous ne reviendrons pas sur le dispositif experimental installe dans le golfe de Fos par 5 m de 
profondeur, decrit par ailleurs (STORA eta! 1987). La quantite d'acetate de plomb dans les vases 
sableuses contamines correspondait en debut d'experience a lg.Pb.Kg-1. Pendant deux ans, des 
prelevements de trois modules, destines a !'analyse chimique et biologique, ont ete realises mensuellement 
durant les six premiers mois puis tous les deux mois jusqu'a la fin de !'experience. Au cours de !a 
deuxieme annee !a mise en place de pieges sur le fond a perrnis d'analyser et de quantifier le flux 
particulaire entre deux prelevements sur le site experimental .. 
Resultats. 

D'un point de vue biologique, les peuplements installes dans les modules temoins et les modules 
contamines presentent une dynamique concomitante comme le montre !'evolution temporelle des densites 
de !a macrofaune benthique (Fig 1). L'enrichissement du milieu en matiere organique se traduit par une 
augmentation reguliere des taux de carbone organique dans !a couche superficielle (2 em) des modules 
correlee a une elevation du Cuivre bioconcentres dans les feces de Moules. Cet apport de materiel 
particulaire s'accompagne d'une chute imponante des concentrations d'acetate de plomb. 

500 Densite o, 1 m2 

400 
-tr- Temoin experimental 

----·--- Module acetate 

300 

200 

100 

0~~--J-~~-L--~-L--~~--~--L-~--L-~~ 

0 1 oo 200 300 400 500 600 jo urs 700 

Figure !.Evolution temporelle de la densite des peuplements macrobenthiques. 

Discussion et conclusions 
Une analyse factorielle de correspondance a ete realisee, basee sur les tableaux faunistiques etablis en 
fonction du nombre d'individus de chaque espece recoltee au cours du cycle d'etude dans les sediments 
des modules temoins et acetate. A partir des resultats obtenus, une etude de correlation de rang (coefficient 

El OJ 0 C.organique ·•· Pb 

Cu ug.g-1 CO oro 
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22 63 97 133 175 223 274 342 406 4 76 538 603 679 

Fig 2. Evolution temporelle du Cuivre, du carbone organique et de !'acetate de Plomb dans la 
couche superficielle (2cm) des modules contamines 

de Spearman) a ere effectuee entre !'ordination des prelevements le long des axes retenus et les differents 
parametres analyses .Le tableau 1 regroupe les pourcentages d'inertie des trois premiers axes et les 
parametres presentant une correlation significative avec !'evolution des prelevements le long de ces axes .. 

Axes % inertie Facteurs Coefficient Coefficient 
totale Spearman theorique.005 

Temoin 21 NAmmoniacal -0,8451 
experimental. CO surface 0,8418 0,46 

2 18 P.Phosphates -0,6659 
3 13 Matiere calcinable 0,6055 

Module 1 27,88 P.phosphates (EI) -0,8626 
Acetllte CO surface -0,9602 0,48 

CU Surface -0,6758 
15,52 Pb lyophilise 0,6868 

3 11,77 Non determine 
Tableau 1. % d'inertie des 3 premiers axes et coefficients de correlation 

Dans les modules temoins, les correlations significatives obtenues sur les 3 axes avec les differents 
facteurs mesures traduisent !'influence preponderante sur la dynamique du peuplement de la matiere 
organique initiale et celle apportee par les tables . Pour les modules acetate Pb, les correlations entre 
!'evolution des prelevements le long de !'axe 1 et la variation des taux d'onhophosphates dans l'eau 
interstitielle et du carbone organique dans !a couche superficielle, marquent !a encore une influence 
majeure de Ia matiere organique autochtone et apportee. L'incidence de l'effet table est corroboree par !a 
correlation obtenue avec le cuivre , traceur du flux de !eces de moules. L'influence de la contamination du 
milieu par !'acetate de plomb n'apparait que sur !'axe 2. La hierarchie existant entre les axes 1 et 2 
demontre le role preponderant de la matiere organique. La contamination des modules par !'acetate de 
Plomb ne constitue done pas le facteur primordial regissant la dynamique du peuplement . 
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L-IIl19 
Estimation of land-based pollution and waste loads in Hellonitis Bay, 

S-W. Greece 

B.-S. TSELENTIS' • J. DETORAKIS ... X. KONDAKIS and S. LIVADITOU 

'Laboratory of Public Health, Medical School, University of Patras, P.O. Box 1045, P,atras 261 10 (Greece) 

The main aim of the investigation was to assess the overall 
environmental health of Helloni tis Bay, since it is considered a favou
rite holiday resort for many local and foreign tourists. 

The sandy beach is about 10km. long and borders mostly on agri
cultural land, as well as tourist resorts, small villages and summer 
homes. 

Since no data were available for the area, an inventory of pote
ntialland-based pollution sources was created in the first part of the 
study. The area iRvestigated covered ca. 300km'and included about 25,000 
inhabitants (locals) in 17 municipalities. 

The second part cor{~ is ted '"of chemical & microbiological measure
ments throughout a period of 1 year (March 1989-March 1990), on a regu
lar basis (March-October every 10 days, October-March monthly). 

METHODOLOGY: Microbial parameters (Total coli forms, E. Coli) were mea
sured in sea water every 150m along the beach, 3-4m away ·from the coast 
at a depth of 1. 5m, as well as in the main outlets (Fig.) of which 
Nos 1,3, 7 are rivers and Nos 2,4,5,6 agricultural run-offs. 

Chemical parameters (NH•, NO,. , NO, , Total P, BOD, COD, 
dissolved oxygen and organophosphorus insecticides), were measured in 
all seven (7) outlets. 

RESULTS: 1) All 7 outlets were shown to be polluted with microbes to 
a lesser or greater extent (No 1>4,5,6,7>>2,3). The microbial load in
creased during the summer months correlating well with the greater num
ber of visitors to the area and thus indicating illegal sewage dumpin~ 
This, however, did not affect the sea, which continued to show no mea
surable pollution at most sampling stations, other than those close to 
the 7 outlets. Weather conditions (waves, wind etc.), however, do af
fect the microbial pollution of several areas of the beach. 

~ 

zoo 380 310 2,200 1,900 2,000 
~500 3,000 2,100 2,000 2,900 250 200 150 100 

t21t5 1,660 1~00 2,400 2,260 2,000 1,680 1,480 1,370 350 250 102 60 

2) There is an increase (5x) of the organic load during the 
months of August and September (see Table), and river No 1 seems to be 
responsible for 97% of the total amount. Measurements on smaller stre
ams leading in to this river, have indica ted that the increased organic 
load on.g1nates from tomatoe canning factories that operate at this 
time of year. 

AVERAGE FLUXES (kgfdav) 
MAY JUNE JULY AU UST -s-EPTEMBER ~¥ot:N ...!I.Q_ BOD Tot.N BOD TotN BOD Tot N BOD 1otN HOD~ 

l 3,800 290 5,500 850 3,000 930 33,000 1,600 34,00( 2.000 14,000 7,000 

3 340 8 7 770 126 560 llO 170 50 155 25 490 30 

7 390 52 320 48 340 40 44 10 55 12 
l: 2 4 56 370 75 660 lOO 580 77 60 6 

CONCLUSIONS: The investigation clearly indicates that measure; have to 
be taken 1n order to preserve the environmental health and stability 
of the coastal ecosystem. 

Thus it is proposed : i) To build a facultative lagoon 
that will receive the microbial and nutrient load of all outlets except 
No 1, since the flow and chemical parameter measures are small enough 
to be tackled by such facul ta ti ve aerobic/ anaerobic conditions and, 

ii) Solve the problem of increased 
organic loads (No 1) and flows (12,000m'/day) by operating wastewater 
treatment plants in all the canning industry of the area. 
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Survey of Heavy Metal Distribution in Greek Sediments 

F. VOUTSINOU-TALIADOURI 

National Centre for Marine Research, Hellinikon, Athens 16604 (Greece) 

Severa 1 oceanographic investigations have been carried out within 
the last 15 year-s in order to study heavy metal distribution in Greek 
surface sediments. Samples were collected from various polluted or 
partly polluted Greek areas, as well as from some unaffected regions. 
Collection of the samples was made using a 0 .. 1m2 van Veen grab. For 
the determination of the metals, 5g of the dry material was shaken 
with 2N HCl for- 16 hour·s at r-oom temperature. fhe leachates were 
processed on a Perkin-Elmer 305 B A.A·.s. (SATSMADJIS,J.& VOUTSINOU
TALIADOURI ,F. 1981). The study of each of the above mentioned 
lasted from one to five years. 

Table I: Metal concentrations of Greek unpolluted regions. 

Fe Cr Ni l'h Zn Co Cu Pb a v Q Ref. 
(-/.--)(-------ppm- ) of:! of:! 

------------------------
Kavala O.B-2.6 20-278 11- 47 65- 417 24-90 0-10 4-24 5-36 

(mean) 1.4 105 22 273 67 5 16 30 
q 0.82 1.03 0.24 0.45 1.37 0.42 0.89 1.50 0.45 54.07 0.84 

Thermaik.1.2-2.2 66-120 55-105 215- 740 32-74 14-18 8-28 11-27 
(mean) 1.8 95 81 465 48 16 17 18 

q 1.06 0.93 0.87 0.76 0.98 1.33 0.94 0.90 0.17 17.37 0.97 
Pagassi t.1.3-2. 7 50-186 32-228 290-2790 38-72 8-22 9-25 19-30 

(mean) 1.8 105 90 980 58 15 17 24 
q 1.06 1.03 0.97 1.60 1.18 1.25 0.94 1.20 0.21 18.38 1.15 

N.Euboek.0.3-3.0 40-250 50-300 120-1000 9-46 3-30 
(mean) 1.9 157 207 557 31 20 

q 1.12 1.54 2.22 0.91 0.63 1.67 0.58 42.73 1.35 
S.Euboek.0.6-1.5 37- 97 25-144 165- 555 25-44 4-15 3-15 12-27 

(mean) 1.2 66 76 370 36 10 9 20 
q 0.71 0.65 0.82 0.60 0.73 0.83 0.50 1.00 0.15 21.20 0.73 

Elefsis 0.8-1.1 50- 65 eo- 95 280- 325 55-68 7-10 28-33 25-32 
(mean) 1.0 60 90 320 60 8 30 30 

q 0.58 0.59 0.97 0.:;2 1.22 0.67 1.67 1.50 0.45 46.71 0.96 
Navarino 0.2-3.0 12-251 8-123 243- 600 7-81 4-15 0-32 2-28 

(.....,.,) 2.3 180 91 460 62 12 23 19 
q 1.35 1.76 0.98 0.75 1.26 Loo 1.28 0.95 0.31 26.93 1.17 

Patraik. 1.6-3.2 55-119 60-132 750-2610 43-88 11-23 16-43 11-20 
(mean) 2.8 100 110 1420 72 19 35 16 

q 1.65 0.98 1.18 2.32 1.47 1.58 1.94 0.80 0.50 33.63 1.49 
MIPSSOlC11.1.0-2.8 56-112 40-112 470-1380 30-80 6-16 8-34 6-17 

(nean) 1.9 73 80 764 60 11 23 12 
q 1.12 0.72 0.86 1.25 1.22 0.92 1.28 0.60 0.26 25.95 1.00 

l'lnvrakik.0.5-3.0 27-177 33-188 323-3820 12-80 4-30 2-31 7-21 
(mean) 2.2 125 131 870 62 18 24 12 

q 1.:8 1.22 1.41 1.42 1.26 1.50 1.33 0.60 0.28 22.32 1.25 
L.esbos 0.3-2.1 40-247 20-315 172-1126 18-43 0-19 3-12 10-39 

(._,) 1.2 155 89 447 32 9 8 28 
q 0.71 1.:;2 0.96 0.73 0.65 0.75 0.44 1.40 0.38 42.22 0.89 

Milos 0.3-0.6 10- 19 6- 21 113- 251 15-18 2-4 2- 4 2-7 
(me;u,) 0.4 14 12 170 17 3 3 5 

q 0.23 0.14 0.13 0.28 0.35 0.25 0.17 0.25 0.07 33.26 0.22 
East Aeg.1.4-3.3 52-157 39-291 280-2640 25-55 8-24 4-29 11-22 

(nean) 2.2 86 131 861 38 15 17 17 
q 1.:8 0.84 1.41 1.41 0.77 1.25 0.94 0.85 0.27 24.77 1.09 

Analysis of the data indicates that polluted subregions can be 
identified in some of the studied areas. In Kavala Bay, the 
oil-platforms and the fertilizer factory raise the amounts of Pb 
( 322-908PPm J , Zn ( 110-510ppm) and Cu ( 45-226ppm) , whi 1 e in Ther-mai kos 
Gulf, the industrial effluents, as well as, the domestic wastes raise 
more or less the concentrations of all metals Fe (2.2-5.3/.), Cr 
( 140-390ppm), Ni ( 105-290ppm), Mn (295-1340ppm), Zn ( 74-2600ppm), Co 
(19-37ppm), Cu (28-200ppm) and Pb (28-330ppm). The industries and the 
city of Voles cause a slight enrichment of the values of Cr 
(66-70ppm), Ni (46-53ppm), Zn (72-94ppm), Cu (27-39ppm) and Pb 
(30-53ppm) in surface sediments of Pagassitikos Gulf. In the adjacent 
N. Euboekos Gulf, a Fe-Ni alloy smelting plant causes heavily enr-iched 
values of Fe (3.0-25.4/.), Cr (250-12000ppm), Ni (300-3550ppm), Mn 
(1140-4560ppm), Zn (46-320ppm) and Co (30-212ppm). Sur-face sediments 
in Elefsis Bay, show heavy metal pollution [Cr ( 70-390ppm), Zn 
(100-1680ppm), Cu (20-230ppm),Pb (40-400ppm) and Cd (0.2-2.5ppm)] due 
to the influence of industrial effluents and domestic wastes from 
three and a half million people of the greater Athens area. Finally, 
in Navar ina Bay, a tanker shipwreck caused an enhanced Pb-value 
(53ppm). Our values are comparable with those reported by other 
investigators (VARNAVAS et al.,1984, ANGELIDIS ~. 1984, etc). 
However, a close comparison is not attempted herein because of the 
different extraction methods used. 

Table I shows metal concentrations of unaffected sections from the 
polluted regions, as well as metal concentrations from other 
unpolluted Greek areas. Comparison of metal concentrations in the 
various unpolluted areas may be made with the use of an enrichment 
ratio 9. (g, = mean concentration of a metal for each area/mean 
concentration of a metal for all areas). From Table I is evident that 
the coefficient of variation of 9.. does not vary considerably between 
regions (17.37-54.07). Factor [!(the mean value of all 9.. ratios for 
each area) gives an idea about the concentration level of the metals 
in each area comparing with the mean values of all unpol1uted Greek 
regions. In the classification that follows regions characterized with 
coeff. of variation> 50.00 (arbitrary selected) are excluded. Hence, 
the unpolluted areas (according to their metal concentrations) may be 
arranged as follows: Patraikos Gulf ([!;1.49); N.Euboekos G. ([!;1.35); 
Amvrakikos G. ([!;1.25); Navarino B. ([!;1.17); Pagassitikos G. 
([!;1.15); East Aegean Sea ([!;1.09); Messolonghi L. ([!;1.00); 
Thermaikos G. ([!;0.97); Elefsis B. ([!;0.96); Lesbos Isl. ([!;0.89); 
S.Euboekos G. ([!;0.73); Milos Isl. ([!;0.22). 
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M-Il 
Repartition et dynamique des peuplements de Micromycetes 

du Littoral Roumain de Ia Mer Noire, au cours de l'annee 
1989 

Mucader M. APAS 

lnstitut Roumain de Recherches Marines, Constanta (Roumanie) 

Au cours de l'annee 1989, nous avons etudie !'evolution 
saisonniere des peuplements de Micromycetes du sous-systeme 
pelagique de l'ecosysteme cotier, dans le secteur marin de Constanta, 
ou no us disposons de donnees comparatives anterieures (APAS, 1987, 
a, b). 

Les zones etudiees sont: le profil Constanta jusqu'a 30 milles 
marins et au large, jusqu'a 100 milles marins ainsi que le profil NW
SE Portita, jusqu'a Ia plate-forme de forage "Gloria". 

Les resultats obtenus se rapportent a cinq periodes de travail: 
novembre 1988, fevrier, mai, juillet et octobre 1989. Du point de vue 
qualitatif, nous avons decele, par culture et par microscopie, 44 
taxons appartenant aux classes des Phycomyc;etes et Deuteromycetes 
et aux ordres des Saprolegniales, Peronosporales, Mucorales, 
Hyphomycetes, Blastomycetes et Coelomycetes. Du point de vue 
quantitatif, nous avons distingue deux grands groupes ecologiques, 
champignons filamenteux et champignons levuriformes. 

Les representants des families Cryptococcacees (18) et 
Moniliacees (14) sont les plus frequemment rencontres. suivis 
ensuite, a des differences considerables, par les Mucoracees (7) et 
Dematiacees (5). 

Les formes euryhalines dominant qualitativement et 
quantitativement (80%). Les Hyphomycetes, en majorite filamen
teuses. sont faiblement representees par des Tuberculariacees 
asporogenes. 

Salon Ia saison. Je nombre des taxons determines a ete: 11 en 
automne (novembre 1988), 14 en hiver (fevrier 1989). 17 au 
printemps (mai 1989) et 8 en ate (juin-juillet 1989). 

En automne (1988). les genres dominants parmi les 
Hyphomycetes et les Blastomycetes sont respectivement 
Cladosporium (21,12%), Rhodotorula (16,43%) et Candida (43,50%), 
qui ont des capacites de pathogeriicite, veritables indicateurs de 
pollution fongique des eaux. 

Durant l'hiver, le mycoplancton est surtout domina par les 
Cryptococcacees Rhodotorula (45,80%), ·candida (30,17%) et 
Geotrichum (6,32%}, ainsi que les Dematiacees Penicillium (6,32%) 
et Cladosporium (5,95%). 

Au cours des deux saisons suivantes (printemps et ate), Ia 
dominance des Blastomycetes et des Hyphomycetes est sensible 
jusqu'a de grandes profondeurs et distances de Ia cote. 

Dans Ia dynamique globale de Ia mycoflore planctonique etudiee 
lors des cinq expeditions, le groupe ecologique Levuriforme s'est 
impose par sa frequence et par sa production de spores, a !'exception 
de l'ete. En effet, a cette epoque, ils furent rencontres en proportions 
presque egales a celles des especes filamenteuses. Leur taux, dans 
les echantillons analyses, oscille entre 62,68% /et 87,30%. 

La plupart des taxons identifies sont essentiellement marins et 
d'eau saumatre, une petite partie etant duli;aquicole et terricole, 
avec une large labilite ecologique. 

La production de spores Ia plus concentree est observee, en 
fevrier, dans· les stations du large, ainsi qu'aux grandes profondeurs 
(20 milles marins/20 m; 30 milles marins/ 30 m). Le phenomena de 
concentration des propagules de cette saison est determine par les 
complexes fongiques Penicillium-Ciadosporium et Rhodotorula -
Candida-Geotrichum. Au cours de ce mois, le phenomena de floraison 
fongique a eu Ia plus grande ampleur (55040 propagules/1 - valeur 
totale; 3239 propagules/1 - valeur moyenne). 

En octobre, les quantites de Mycoplancton de Ia zone cotiere 
(Constanta - plate-forme "Gloria") connaissent une augmentation 
ininterrompue par rapport aux mois precedents et aux autres 
secteurs. Toutes Jes valeurs depassent constamment 1000 
propagules/1, totalisant une production de 18540 propagules/1, parmi 
Jesquelles les especes levuriformes avec un taux de 64% du total et 
les champignons filamenteux avec un taux reduit de 36%. 

La presence permanents des especes a capacite pathogene dans 
nos echantillons, Candida·, Geotrichum et Aspergillus, en quantites 
considerables, preuve, sans aucun doute, !'existence de stocks 
disponibles de sels nutritifs, surtout organiques, qui stimulant le 
developpement constant de ces souches indicatrices d'eaux fortement 
polluees. Ce developpement aboutit a de vrais phenomenes de 
floraisons fongiques, mis en relief par bon nombre de nos etudes. 

APAS (M.-M.}, 1987 a.- Donnees preliminaires sur les popula
tions de Micromycetes de Ia zone des· embouchures du 
Danube. Cercetari marine, IRCM, 20 

APAS (M.-M.), 1987 b.- Structure et evolution des populations 
de Micromycetes de Ia zone Constanta pendant l'annee 
1987.Cercetari marine, IRCM, 20 
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M-I2 
Pico'plankton and Picophytoplankton in a Brackish Environment. (Lake 

of Ganzirri-Messina) 

V. BRUNI, M.-L.-C. ACOSTA POMAR and G. GIUFFRE 

Dipartimento di Biologia Animale ad Ecologia Marina. Universita, Contrada Papardo. 31, 98166, Messina (ltalia) 

The present paper deals with the space-temporal variations of the 
micro-nano and picoplanktonic populations in a brackish environment 
near the Straits of Messina (Lake Ganzirri-Hessina). 

The ecological approach of this study follows that suggested by 
Sieburth ( 1981) and other authors. The planktonic organisms can be 
divided into different sized fractions within which different 
nutritional modalities can be recognized. 

Micro-picophytopla n kto n of 

JAN~----~ STAT. 3 

MAR ...... ~ ...... ~ 

JUN .................... .-~ 

AUG .............. . 

Qom 
NOV 

JAN STAT. 4 

FEB 

MAR 

MAY 

JUN 

J UL 

AUG 

SEP 
6 7 8 

Oom .6m 

Log. celi/J 

This method proves to be useful in fully understanding the 
relationship between the energy flows in the aquatic ·ecosystem. 

The present research deals only with the above mentioned 
components capable of autoregulation. 

The change in the picophytoplanktonic components ( eucaryotic and 
procaryotic) in relation with the populations belonging to the nano 
and microphytoplankton has been demonstrated. 

Moreover, a statistical study has been carried out on the total 
picoplanktonic and autofluorescent components in order to obtain some 
information about the homogeneity of the distribution of these 
organisms. 

The non-randomization percentage has also been calculated. 
For this purpose, monthly samplings have been carried out at two 

stations , on ·the surface and near the bottom. 
Direct counts of the total picoplanktonic cells , autofluorescent 

(Porter and Feig, 1980, modified), nano and ·microphytoplanktonic 
(Utermohl, 1958) components have been studied on water samples, 

The microbiological parameters have been evaluated in relation to 
several environmental parameters in order to point out any eventual 
interdependence. 

The results obtained are shown in figure. 
During the period of our observation, the micro-nano- and 

picophytoplanktonic organisms at the two stations ranged between 5,82 
x 108 cell/1 (stat.3, Om ,June) and 8,3 x 106 cell/1 (stat.4, Om, 
November ). 

The micro-and nanoplanktonic component represents nearly 100% of 
the whole autotrophic population in the month of Hay , whereas the 
picophytoplanktonic component is predominant in the summer months. 

Moreover, the results show a succession within the pi co-, nano
and micro phytoplankton populations. In particular, as far as the 
picoplankton is concerned, &evident prevalence of the eucaryotic 
component is predominant in Winter and Spring, even though its 
absolute values seldom reach 10 6 cell!l; afterwards a bloom of the 
procaryotic component occurs and reaches its maximum density (5, 7 x 106 

cell/1) in June, a month during which it represents nearly the whole 
autotrophic population. This evident predominance lasts until July. 

Furthermore, during the year, the eutrophic characteristics of 
the lake bring about several micro-and nanoplanktonic, mono-and 
oligospecific blooms with an alternat~on of the ma~n t:axonomic groups. 

Diatoms are particularly prevalent in winter, leading to a 
prevalence of peridineana by the beginning of Spring and followed by a 
lasting diffusion of small size diatoms (Thalassiosira sp. and 
Scheletonema costatum). This succession of autotrophic populations 
of different size led us to take into consideration the different 
biotic and abiotic factors which may affect the dynamics of these 
populations. 
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M-Ill 
Prediction of the environmental impact of coastal population on the 

quality of the sea 

GOnay KOCASOY 

Department of Chemical Engineering, Bogazici University, 80815 Bebek-lstanbul (Turkey) 

ABSTRACT 

TM increase of coastal population -especially by tourists- is something considered as 
flourishing of the socio-economic conditions of the district. Too little -if any- att&ntion is 
given to the effects caused by tills situation. In the present study taking into consideration 
the quality of the sea·.vawr as the main parameter affecting the population of tourists, an 
attempt has teen made in order to predict the variation o! the quality of seawater with 
population. To achieve that, the beaches were classified according to their use -and 
consequently the amount of ~..mswwawr discharged into the sea -into four groups: !)coasts 
that are used only for swimming and recreational purposes, II) coasts ·used 
sir.nultaneously for dwelling, swimming and recreational purposes, III) coasts along Which 
only dwellings exist, and IV) natural and man-made harbours. 

Bodrum -one of tlle most popular touristic resorts o! Turkey -·.vas selected as the 
experimental site Where six beaches; oM from group I, oM !rom group II, one from group 
!II, two from group IV and one transitional group I-II, were selected as the survey areas. 
Three stations close to each other in approximat.ely 10-20 meters !rom the shore were 
chosen' for sampling. Sampl.;s collected at all thr~ stations at each survey teach were 
mixed to obtain a typical composite sample. Samples were collected three times a day 
-early in U1e morning before people started coming to the beach; at noon When the beach 
was most cro,,.,ded; and late in the afternoon When people started to leave the beach. 
During the survey 40320 observations were made from December 1985 to February 1985. 
Parameters such as atmospheric pressure, air temperature. cloudiness, sunny period, 
prevailing wi!ld dir~ction and -its speed, precipitation, light intensity, turbidity, seawater 
temperature, pH, colour, salinity and coliform concentration were determined. Assuming 
t11e concentration of the total coliform as tile most important microbial pollution indicator 
for beaches an attempt has been made for tile determination of tile variation of coliform 
c~ncentration as a function of the remaining parameters. To achieve this a multilinear 
regression program was used in v.Jhich the number of total coliform was treated as tile 
dependent variable-vVhile ti1e 9thers •.f!ere accepted as independent variables. As a result 
(jf t11is analysis, the following r·~lation V\'8.S obtz.ined: 

A is a para.m~ter affecting the die-off oi bacteria due to environmental conditions, 
N is t.M numbH oi tot.a.l colifonns pH 100 milliliters. 
I is ttle intensity of light (lux), 
Tu is the turbidity {FTU), 
6 is tile temperature of seawater (OC), 
Pis the population density (number of people/100m2), 
C1 is the population density coefficient and 
C2 is the coastal cttaracteristic co~Hici~nt. 

The coe!!lc!~nts c1 and Cz of this equation have been found to have the values given 
below· 

Coast Group C1 c2 

I 1).7 0.020 
I-ll 73.4 0.223 
II 220.5 0.682 
III 281.7 0.293 
IV 1310.) 2173.0 

Parameters such_ as BOD .. total nitrogen, total phosphorus etc. proved tilat tiley didn't 
contrtbure stgmucantly to the total coliform concentration. The correlation obtained 
between actual determined values and the values estimated by the derived equation is 
above o6 percent. 

Tt;e results obtained ty ttiis study is a significant contribution for tile prediction of the 
eP.vironmental impact of tourist population to seawater quality and consequently for the 
prevention of the deterioration of the environment and protection of public health. 
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Comparative survival of fecal indicators in seawater 
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Introduction 

The high inactivation rates in the marine environment of total and fecal 
collforms are an important shortcoming for the use of these microorganisms as 
indicator of remote and viral pollution (1). Other microorganisms such as fecal 
streptococci and several groups of bacteriophages ( Coliphages, F-specific phages and 
BacteroidesfragUis phages) have been proposed as alternative fecal indicators 
because of their higher survival capacity in sea water. 

The objective of this study was to evaluate the effect of marine water upon the 
stability of several indicators microorganisms under laboratory conditions. 

Material and Methods 

To study the comparative survival of bacteria and bacteriophages an Erlenmeyer 
flask with 900 ml of unpolluted seawater was inoculated with 100 ml of sewage_ The 
mixture was incubated in the dark at 18°C for up to 15 days. Bacterial and 
bacteriophages survivors were enumerated at time 0 and subsequents days (3, 7, 10 
and 15 days) using the following growth media and assay techniques. 

Bacterial COUnts: 

Total collforms (TC), fecal collforms (FC) and fecal streptococci (FS) were 
enumerated by spread technique using m-Endo agar (Dlfco Lab. Detroit Mich.), m-FC 
agar (DIFCO) and m-Enterococcus agar (Difco) plates. When there was a low 
concentration of bacteria, membrane ffitration procedure (2) was used for the analysis. 

Phages count: 
Specific phages of the strains Escherichia coU C (CP) (ATCC 13706) and E. coli 

Kl2 Hfr ( Kl2P) (PC0008) were enumerated by the double agar layer method (3). 
Selective counts of F -specific bacteriophages (FSP) were obtained using SalmoneUa 
typhtmwiwn WG49 as bacterial host ( 4). To evaluate the possible interference by 
somatic Salmonella phages (SSP) parallel counts were also made using F'" strain (S. 
typhimurium WG45). Phages actives against Bacteroides fragUis HSP 40 (BFP) were 
enumerated by the soft agar overlay method (5) using the samples decontaminated by 
membrane ffitration ( 0,45 !J.II1 ffiters previously treated with 3% beef extract at pH 
9,5). 

Results and Discussion 

Figure 1 (A and B) shows the effect of the marine water on the survival of the 
microorganisms_ Fecal and total coliforms showed the highest rate of inactivation in 
seawater whilst the die-away rate of fecal streptococci was more closely paralleled that 
of bacteriophages, excepting coliphages that did not present a significant inactivation 
after the sampled period. 

F-specific and B. fragats bacteriophages were the groups of phages that 
showed the least stability in seawater_ Low survival of some members ofF-specific 
phages as f2 have been described by others authors (6). 

Because of the lower persistence of coliform bacteria in marine water these 
microorganisms can be useful indicator of enteric bacterial pathogens but not of 
virology pollution. Somatic coliphages can be more appropriated indicator 
microorganisms. 
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Figure 1 ( A and B ) : Microbial inactivation in seawater. 
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Characterization of survival stages of enteric bacteria in natural 

aquatic ecosystems 
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Differentiation between culturable and non-culturable (somnicells) enteric 

bacteria in natural waters have attracted very .much attention in last years 

(Barcina et al, 1989; Roszak & Colwell, 1987). Until now, that classification have 

been studied only for enteric bacteria inoculated in aquatic ecosystems in the 

absence of natural microbiota (Barcina et a/, 1989; Roszak & Colwell, 1987), and 

numbers of CFU (colony-forming-units) on selective culture media were the single 

parameter estimated when natural microbiota were present (Me Cambridge & Me 

Meekin, 1981; Rhodes & Kator, 1988). 

Freshwater ecosystem 

Escherichia coli Enterococcus faecalis 

to2 ,., 

A B 

l 

Time (days) Time (days) 

Marine ecosystem 

Escherichia coli Enterococcus faecalis 

Time (days) Time (days) 

• Culturable cells El Non-culturable cells (somnicells) 0 Death cells 

FIGURE 1. Characterization of survival stages of Escherichia coli and Enterococcus 

faecalis in freshwater and marine ecosystems when natural microbiota 

were absent (A) and present (B). 

This study was undertaken to differentiate between culturable and 

non-culturable cells of enteric bacteria inoculated in natural aquatic systems both 

in the presence and in the absence of natural microbiota. To reach this objective, 

enteric bacteria were stained with rhodamine isotiocyanate (Landry et a/, 1987). 

So. these labelled cells maintained their culturability. Similar counts of CFU were 

obtained with both the evolution of stained and non-stained enteric bacteria in 

the water samples. Fractions of culturable, non-culturable and death enteric 

bacteria were determined throughout the experiences (Figure 1). From these 

results, the real effect of natural protozoa on the elimination of inoculated enteric 

bacteria can be estimated from the difference between direct counts of rhodamine 

stained bacteria in the absence and presence of natural microbiota. An important 

fraction of somnicells were detected in the presence of natural microbiota (Figure 

I) and that lead us to deduce the inadequacy of plate counts on selective culture 

media to estimate numbers of enteric bacteria, which remain in natural waters. 
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Microbiological evaluation of the water quality in a Mussel culture 

area (Sardinia) 
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lstituto di lgiene e Medicina Preventiva, Universitli di Cagliari, Via Parcell 4, 09100 Cagliari (ltalia) 

About 500,000 m2.of the inner part of the Olbia Gulf is occupied by mussel culture 

nurseries (Fig.]). The partially treated or untreated domestic and industrial 

wastes flowing into the area have contributed to lower its already precarious 

hygienic and sanitary standards (Contu et al., 1988). The harbour of Olbia is also 

located in this area. 

The aim of the present study is to investigate whether the vicinity of an area 

exposed to high faecal contamination can affect the microbiological quality of the 

water in the mussel nurseries. The geomorphology of the Gulf could enhance the 

effect both of the sea currents and of the metereological conditions in 

transporting contaminants in the direction of the nurseries. This is hazardous to 

the pub 1 ic he a 1 th and at the same time ca 11 s for a check on the suitability of the 

nurseries. Seven sampling stations have been located in the Gulf. In order to 

evaluate the entity of the transport of contaminants in depth, the samples were 

taken at - 0.5 m and -4 m at each station. Nylon nets containing mussels that had 

been kept for 48 hours in clean seawater, were placed in each station at the two 

depths 2 weeks before each sampling. The following indicators of faecal pollution 

were considered:. Total Coliform, Faecal Coliform , Salmonella and Escherichia 

~i phagES in the mussels; Total Coliform, Faecal Coliform and Enterococci in the 

water. Both mussel and water samples were collected monthly for 14 months starting 

from ~lay 1986. Moreover the most important streams and effluents from wastewater 

treatment plants flowing in the Gulf were monitored. The water was analysed 

according to the Standard Methods for Water and Wastewater (1985), and the mussels 

according to the Gazzetta Ufficiale DM 24/7/1978. 

The bacteriological analyses of the seawater have shown widespread faecal 

contamination of the whole area throughout the period of observation. The period 

between May 1986 and February 1987 showed the highest va 1 ues of indicators of 

faecal pollution , which was referred to the whole water body • Contamination was 

highest in the innermost part of the Gulf and in the surface layers, and showed a 

tendency to decrease in direction of the open sea. 

The same trend was confirmed in the mussels , at the surface and in depth • 

The results ooint out: 1) a hazard of bacteriological pollution due to the 

discharge of organic substances and nutrients near the nurseries 2) the useful ness 

of the analyses carried out in depth 3) that the mussels can be used to show 

presence of faecal pollution indicators and their transport. 

-~ tlurserles ~ 
• Olbla h:!rtoor 
... ~outlets 
o SalP I mg PO lnts 

Figure l. The inner part of the Olbia Gulf (Sardinia) 
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Relation between densities of indicator organisms and 

Staphylococcus aureus in sea water 

Mladen SOLIC and Nada KRSTULOVIC 

Institute of Oceaoography and Fisheries, Split (Yugoslavia) 

The distribution of Staphylococcus aureus and its relation to 

the indicators of faecal pollution were studied at 17 stations in 

the coastal area of Split (Central Adriatic) during the swruner 

period in 1989. Areas with different degrees of pollution (from 

very low to high) were chosen for the study. 

The average values of ~ concentration ranged from 16 to 

1000/100 ml, total coliforms from 20 to 100000/100 ml, faecal 

coli forms from 4 to 25100/100 ml and faecal streptococci from 2 to 

7900/100 ml sea water (Fig .1) . 
The relation of ~ with each of the studied groups of 

indicators was analysed. In the total number of samples no corre

lation was established with total coliform and faecal coliform,· and 

scarceiy a significant one with faecal streptococci. However the 

analysis of S.aureus and indicators of faecal pollution in samples 

with differe~es of poliution showed different results (Tab.!). 

Faeqal coliforms were used .as the criterion to evaluate the degree 

of pollution of the studied area which was accordingly divided into 

less polluted area up to 100 FC/100 ml) and more polluted one (over 

100 FC/ 100 ml) . 

Table 1. Corq!lations established between concentrations of 

Staphylococcus aureus and indicator organisms. 

<100 FC/100 ml >100 FC/100 ml Total samples 

p 

TC -0.11 43 0.49 

FC 0.10 so 0. 41 

FS -0.05 50 0.61 

In cases of low polluted 

sea water no correlation bet

ween ~ and indicators 

of faecal pollution was esta

blished whereas in more poll

uted sea water there was a 

correlation between them. 

The highest correlation 

coefficient was established 

between S. aureus and faecal 

streptococci, the indica tor 

of faecal pollution with the 

longest period of survival 

(1,2). It could be explained 

by the fact that ~ is 

more chlorine resistant in 

sea water (3) 1 which probably 

causes its longer period of 

survival in relation to indi

cator organisms. 
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Recovery of stressed Coliforms from seawater samples 

J . .J. BOREGO, M.·A MORINIGO, R. CORNAX, M.·A. MUNOZ, E. MARTINEZ-MANZANARES and P. ROMERO 

Department of Microbiology, Faculty of Sciences, University of Malaga, 29071 • Malaga (Spain) 

The 16th edition of Standard Methods for the Examination of Water and 
Wastewater Ill and the World Health Organization guidelines [8] specified mEndo agar 
as the choice medium for coliform enumeration. Several authors have pointed out that 
this medium has several shortcomings, such as: (i) low recoveries of injured and 
stressed coliforms [4-6]; and (ii) poor differentiation among coliforms and non coliforms 
[2-3]. For this reason, a comparative study of the standard method for the 
enumeration of coliforms (MF and mEndo agar) and several resuscitation methods to 
recover the· stressed collforms from seawater has been the main objective of the 
present work. 

Seawater samples were collected from ten beaches on the coast of Malaga 
(Spain). The membrane filtration technique was carried out as desclibed by Standard 
Methods [1]. The filtrations were five-fold replicated for each one of the methods tested 
With 0.45J.Ull membrane ftlters (Millipore Iberica, Madlid. Spain). Phosphate-buffered 
saline [1] was used as diluent solution. Four resuscitation membrane filtration 
methods were conducted according to established procedures [4, 6, 7] using Millipore 
HC-type filters and the folloWing resuscitation media: lAC broth [3]: PLY agar (Difco): 
EC broth (Difco): and LTB broth (Difco). When the media were liquids, filters were 
placed onto sterile pads (Millipore) saturated With sterile broth (lAC, EC or LTB), and 
incubated at 36°C for 2 h. The lliters were then transferred to mEndo agar plates and 
incubated for an additional 22 h. The recovery efficacy of each medium is calculated 
With respect to the maximal count obtained for one medium and sample, applying the 
folloWing equation: Relative Percentage of Recovery (Medium A) = (Count on medium 
A)/ (Maximum count on any medium) x 100. 

The compalison of ~e quantitative recovery of coliforms on the different media 
tested was carried out using 60 seawater samples With different faecal pollution 
degree(30 moderately polluted and 30 heavily polluted). The efficacy of recovery of each 
method is represented in Fig. 1. All the methods detected high percentages of coliforms 
from the samples analysed, except IAC-Endo resuscitation method, which obtained 
1% of the coliform recovery from MIS sampling station in compalison With the best 
method . Statistically significant differences of the efficacy of recovery were obtained 
for each sample groups, moderately and heavily polluted seawater, and for the media 
mEndo, IAC-Endo and LTB-Endo. The best methods for the recovery of coliforms from 
moderately polluted seawater were IAC-Endo and LTB-Endo, With figures of 92.4% 
and 86.9% of recovery, respectively, in compalison With 14.7% obtained for the 
standard method (mEndo). On the other hand, for samples With high pollution degree, 
the best efficacy of recovery was obtained for m Endo agar (70.1 %) in compalison With 
PLY-Endo and EC-Endo methods which achieved only percentages of 28.5 and 31.8%, 
respectively. 

In short, it seems to be that the pollution degree of the samples affect 
significantly the recovery of stressed and non-stressed coliforms, being advised the use 
of the resuscitation methods for samples With a low or moderate pollution degree. 
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Evaluation of the B-Giucuronidase Test with the multiple tube 

technique for specific determination of Escherichia coli 
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The use of Escherichia coli as an Indicator of the sanitary quality of water and 
seafood products has been classically recommended by different official orga
nizations (APHA, 1985; Greenberg & Hunt, 1985; WHO, 1977), since this 
microorganism provides a measure of fecal contamination. According to the APHA 
(1985) two methods are currently available for enumerating E. coli from those 
samples: the Most Probable Number (MPN) procedure and the membrane filtration 
(MF) technique. Both present advantages and disadvantages, but the former requires 
the need of presumptive and confirmatory tests, which are costly, time-consuming 
and arduous. 

Recent reports of fluorogenic assay procedures have shown the promise for a 
rapid and specific detection of E. coli in seawater (Mates, 1987; Gauthier et al., 
1988), seafood (Rippey et aL, 1987) and foods (Robinson, 1984). This new method 
relies on the almost exclusively presence of the enzyme .J3-glucuronidase in E. coiL 
This enzyme cleaves a fluorogenic substrate, 4-methylumbeliferyl-.J3-D-g1ucuronide 
(MUG) to yield an end product, 4-methylumbeliferone, which is fluorescent under UV 
light. 

In the present study, a comparative study of MPN technique using MacConkey 
purple supplemented with MUG as presumptive broth and nutrient agar with MUG 
as confirmatory test from seawater, sediment and shellfish samples was carried out. 

A1l the strains isolated With positive fluorescence in nutrient agar-MUG from 
the gas-positive and fluorescence-positive tubes were identified as E. coiL On the 
other hand, the isolates positive in gas and fluorescence from the tubes and MUG
negatives on nutrient agar were identified as: Klebsiella pneu171Dnine (66.7%), E. coli 
(16.7%) and Enterobacter agglomerans (16.7%) from seawater samples; K. 
pneumoniae (lOOo/o) from sediment samples; and K. pneul71Dniae (33.3%), E. coli 
(33.3%), E. cloacae (14.8%), E. sakazakii (4.8o/o), Citrobacter freundii (4.8%), 
Serratia liquefacien.s (4.8%). and Buttiaux agrestis (4.8%) from shellfish samples. 
The high frequency of E. coli MUG-negative detected in these samples from tubes 
presumptively positive may be explained by the negative effect exerted by the 
selective agents contained in the MacConkey-purple broth, which could affect the 
permease of the .J3-glucuronidase activity, or may be a competence effect exerted by 
the background flora present in the shellfish, or a self-activity of .J3-glucuronidase by 
the shellfish tissues (Koburger & Miller, 1985; Holt et aL, 1989). 

A high proportion of the strains MUG-negative on nutrient agar isolated from 
the gas-positive tubes were identified as K. pneul71Dniae. This result agrees With 
those reported by Rippey et al. (1987) and Damoglou et al. (1988). being considered 
the mainly false-positive species in the coliform analysis. 

In Table 1 the characteristics of MPN tubes in which E. coli was isolated are 
shown. E. coli was verified in about 90% of fluorescent tubes. Only one E. coli 
strain as isolated from fluorescence-negative and gas-positive tubes, and MUG
positive on nutrient agar. For this reason, this methodology is considered to increase 
the accuracy of the MPN technique to isolate E. coli from samples of different 
sources. 

TABLE 1.- Percentages of Escherichia coli isolated from MPN tubes 
(MacConkey-purple broth). 

MUG Tubes Gas Tubes mFCColony AN-MUG 
SAMPLE + + Typical NonTypical + 

Seawater 91 17 64.7 ND 76.5 20 100 14.3 

Sediment 100 17 78.6 0 93.8 0 100 22.6 

Shellfish 84 0 70.8 0 71.4 21 100 0 

Total 90 12 70.9 0 78.7 14.6 100 15,5 
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Specific determination of Salmonella strains using a phage-typing 

scheme 
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Department of Microbiology, Faculty of Sciences, University of Malaga, 29071 - Malaga (Spain) 

Phage-typing is a practical method for bacterial differentiation based 
upon the sensitivity and high spectftcity of the strains to bacteriophages. 

There are numerous potentially pathogenic serotypes of Salmonella and 
some of them can possess an epidemiological relevance. The methods actually 
applied to study the epide!JliOlogical markers of these strains are based on 
serological and antimicrobial resistance characteristics. However, these markers 
offer a low discrimination rate and they are unable to determine the epidemic 
outbreaks. For this reason, a single, wide-spectrum phage-typing scheme may 
provide additional advantages with respect to the classical typing methods 
(Gershman & Markowsky, 1983). 

A phage-typing scheme, comprising 25 bacteriophages isolated from 
sewage on 12 Salmonella serotypes, were used as a possible epldemlologlcal 
marker and/or determinative tool of Salmonella Isolates, regardless their source 
or serotype. 

A total of 224 Salmonella strains, belonging to the 20 serotypes most 
frequently isolated from waters in Malaga (Spain) (Moriiilgo et al., 1988), were 
analysed using the phage-typing techniques described by Adams (1959) and 
Anderson (1962). 

On the basis of the phage set lytic activity, 117 phage-types have been 
recognized. Table 1 shows the phage-patterns obtained from the different 
serovars of Salmonella tested. Only one strain could not be typable by this 
method, however self-agglutinable, non-motile and monophasic strains of 
Sall71Dnella can be determined by the phage-typing method. 

The detection frequency of the different phage:types of the same 
serotype is relatively low (less than 5%), which coincides with the results 
obtained by other authors (Gershman, 1976; Bouzoubaa et aL, 1985). 

In short, the results obtained indicate that: (!) no significant relationship 
was observed between the susceptibility of the strains to specific bacteriophages 
and their somatic antigenic characteristics. (li) All the strains belonging to C1 
serogroup present a narrow and spectftc sensitivity pattern to bacteriophages, 
which implies the possible diagnostic use of this phage set. (Iii) A close 
relationship between the phage-types on S. typhimurtum and S. enteritidis was 
observed, which indicates a possible common sour{!e or epidemiological route. 

TABLE 1.- Phagetypes from the different Salmonella serotypes tested. 

Serotype Serogroup Number of 
Strains Phagetypes 

s. blockley C2 27 15 
S. bovts-morbl/lcans C2 2 2 
s. braenderup C1 2 2 
S. enterttfdls 01 21 6 
s. llifantts C1 7 6 
s. london El 20 10 
s. menden C1 1 1 
S. montevideo C1 1 1 
s. muenchen C2 4 2 
s. ohlo C2 24 15 
S. orantemburg C1 1 1 
S. paratyphl C C1 1 1 
s. potsdam C1 4 3 
s. rtchmond C1 3 3 
S. serjftemberg E4 6 4 
s. taksony E4 1 1 
S. thompson Cl 15 9 
S. typhlmurtwn B 45 24 
S. utrchow Cl 7 7 
S. welteureden El 3 3 
Self-agglutlnable 24 17 
Non-mollie 3 3 
Monofaslc 

References 

- Adams, M.H. 1959. Bacteriophages. Interscience Publishers Inc .• New York. 
- Anderson, E.S. 1962. Brist. Med. Bull., 18 :64-68. · 
- Bouzoubaa, K.; K.V. Nagaraja; J.A. Newman & B.S. Pomeroy. 1985. Avian Dis., 

30: 358-361. 
- Gershman, M. 1976. Appl. Environ. Microbiol., 32: 190-191. 
- Gershman, M. & G. Markowsky. 1983. J. Clin. Microblol., 17: 240-244. 
- Mortiilgo, M.A.; R Cornax; M.A Muiloz; D. Castro; P. Romero & J.J. Borrego. 

1988. Rapp. Comrn. int. Mer Medit., 31, 1(175). 

Rapp. Comm. int. Mer MMit., 32, 1 ( 1990). 

II 



• 

M-II9 
Influence of temperature and nutrients on R+ plasmid 

conjugation transfer from an environmental E. coli strain 

A. FERNANDEZ-ASTORGA, J. IRIBERRI, L EGEA and I. SARCINA 

Departamento de Mlcrobiologia e lnmunologia, Facultad de Ciencias, Universidad del Pais 
Vasco, Apdo. 644, Bilbao (Spain) 

The increase in the number of bacteria capable of transfer resistance plasmids, 

detected in aquatic systems, may be due not only to an increase in dumpings, but also 

to the fact that in these ecosystems processes of plasmid transfer actively occur. Me 

Nichol eta/. (1982) suggested that the latter may be the origin of the formation of 

plasmid pools.Toranzo eta/. (1984) reported the possibility that the pathogen 

microorganims may participate in in situ conjugations processes in aquatic. systems. 

Scanferlato eta/. (1989) remarked the survival of G.E.M.s in these systems. 

The incidence of these facts on public health requires that more detailed studies be 

done on those systems which are potentially suitable for plasmid transfer by 

conjugation. Because in situ experiments are subjet to numerous environmental factors, 

not always predictable nor controlable, in vitro experimental models are necessary, 

despite their multiple limitations. 

' The aim of our first experiments was, therefore, to determine the ambient factors 

which may limit plasmid transfer by conjugation in aquatic systems. 

From the freshwater system isolations, we chose as donor a plasmid containing 

E.co/i strain, R+ to ampicillin and gentamicin. As the recipient strain we used a non 

plasmid containing E.coli Kl2, J62, chromosomic resistant to nalidixic acid. As 

inoculum we used 108 u.f.c. of donor and 0,5 108 u.f.c. of recipient strain, in 5ml of 

mating medium. Transconjugants were selected and counted on Me Conkey agar 

(OXOID) plates, suplemented with ampicillin (64Jlg/ml) and nalidixic acid (32Jlg/ml). 

In order to determine the influence of the river temperature, mating experiments 

were carried out in T.S.B. broth (OXOID) during 2 hours, at 20oc (mean river 

temperature), and that the control37°C. The transfer frequencies obtained both at 200C 

and 37oc were of the order of 10·3 (nO of transconjugants /no of initial donots). 

These results suggest that the river temperature is not a limiting factor for transfer by 

conjugation. 

To determine the minimun nutritional requirements, mating experiments were 

done on T.S.B. and on a series of decreasing T.S.B. concentrations and finally in the 

absence of nutrients (autoclaved distilled water). The inocula were obtained in standard 

conditions and later washed 3 times with P.S.B.(pH 7,2). Our first results show a 

decrease in transfer frequency, parallel to the decrease in nutrient concentration, 

although the frequency values obtained never were below J0-6. We must highlight that 

transfer frequency values are obtained even in the absence of nutrients. 
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In recent years, the high development of the aquaculture of fish and shellfish 
has originated an increase of the problems related to the infections of these animals by 
different pathogenic microorganisms. 

The infective capability of the pathogenic microorganisms is generally related 
to the presence of virulence factors. These virulence factors seem to make possible the 
attachment of bacteria to host cells and enterotoxin synthesis by increasing the 
invasive capability of the strains [4]. One of the most important factors involved in the 
virulence of the pathogenic strains consists of an efficient iron-sequestering system 
mediated by siderophores [2,6], which allows the bacteria to grow in the iron-limiting 
conditions imposed by the high-affinity iron-binding proteins present in the organic 
fluids [7]. 

In this study the presence of haemolytic activity and the production of 
diffusible siderophores by A hydrophila strains isolated from water environments and 
animals (shellfish and fish) were analyzed. 

..6-haemolytic isolates were identified on blood agar plates consisting of Blood 
Agar Base (Difco) and 5% washed sheep erythrocytes. The haemolytic activity was 
recorded like clearance of the medium around the growth zone after 24 h at 25°C. 

A. hydrophila strains were cultured in M9 minimal medium supplemented 
with 0.2% (w/v) Casamino Acids (Difco). The iron chelator ethylenendiamine-di-(o
hydroxyphenyl acetic acid) (EDDA) was added at a concentration of 10 JlM to achieve 
the iron limitation conditions. 

The production of siderophore compounds by the strains was tested on blue 
agar plates as described by Schwyn & Nellands [9]. The method is based on the fact 
that the dye chrome-azurol S (Sigma) incorporated into the medium, can form stable 
complexes with iron. Therefore, when a strain is able to produce a diffusible 
siderophore (which removes the iron from the complex) the colour turns to yellow
orange around the colony after 24-48 h at 25°C. 

The ability of the strains of A. hydrophila to grow under iron-limiting 
conditions and the haemolytic activity were tested to verify their role as putative 
virulence factors and to demonstrate the relationship with the plasmid content of the 
strains. 

More than 75% of the strains tested gave an orange halo between 6-8 mm 
after 48 h, and less than 10% of the strains were negative in producing siderophore 
activity. Similarly, the majority of the strains (more than 90%) tested showed 
haemolysis activity. A higher number of Isolates that showed siderophore and total 
haemolysis activities were obtained from seawater and animals in comparison with the 
number of strains from freshwater environment (23.3%, and 11.7% vs 6. 7%, 
respectively). 

The relationship between siderophore production and plasmid content was 
strong, since more than 74% of the strains with siderophore possessed plasmids, 
although the percentage vaiied depending on the source of strain (between 85% for 
freshwater strains and 68% for seawater strains). In the case of the haemolytic activity 
the percentage of strains with this characteristic which harbor plasmids is lower than 
for slderophore (about 60%). 

The relationship between the presence of plasmids and some pathogenic 
characteristics of the strains, such as enterotoxigenicity, haemolysin production or 
presence of surface antigens have been reported in human pathogens, mainly 
Enterobacteriaceae [4,5,8,12). However, for other species, correlation between 
virulence factors and plasmid profiles have only been reported in some instances. 
From the results obtained in this study, It may be concluded that there is a close 
relationship between the presence of plasmid and the siderophore production, since 
more than 70% of the strains with siderophores also possessed plasmids. This 
conclusion is supported by the curing experiments where the plasmidless derivatives 
showed a loss of the ability to grow in iron-limiting conditions. These results are in 
agreement with those reported by Crosa [1), Crosa et al. [3] and Walter et al. [11] for 
Vibrio angufilanun strains. However, about 30% of the strains analysed retained the 
!ron-sequestering system after loss of plasmids. These results indicate that the genes 
coding for this system in A. hydrophila are located in both plasmid and chromosome. 
Similar conclusions were obtained by Valvano et al. [10) studying the aerobactin iron 
transport system in human invasive strains of Escherichia coli Kl, and Lemos et al. [7] 
in anguibactin-medlated system of V. anguillanun strains. 

In the present study, more than 90% of the strains studied had a haemolytic 
activity being higher in the strains isolated from animals (100%) than in those Isolated 
from water environments (about 80%). This property seems to be chromosome-coded 
since plasmldless strains maintained the haemolytic activity. The role of the 
haemolysins in the pathogenicity of A hydrophila Is difficult to establish. In our 
opinion, the haemolysins could increase the availability of iron by the microorganisms 
by mean of the erythrocyte lysis, and in this way, there must be a close correlation 
between haemolysin production and the iron-using system. 
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(Resume*) 

1. La zone littorale. La production bacterienne heterottophe represente de 20 a 40% de Ia production 

primaire quotidienne. Pendant Ia floraison des algues les bacteries pr6sentent une grande versatilite 

nutritionnelle, orient6e vers !'utilisation des composes organiques dissous de faible poids moleculaire. 

Lors du declin du phytoplancton ces bacteries sont remplacees par des cellules mieux equip6es en 

exoenzymes leur permettant de degrader les composes de poids moleculaire eleve constituant les algues 

mortes. L'assimilation d'azote dissous par ces micro-organismes conduit a une production d'azote 

organique particulaire (sous forme de cellules bacteriennes) de l'ordre de 7 pg atN J-1 h-1, et a Ia 
regeneration de 0.50 pg at.N.NH.;J-1 h-1. 

Les micropr6dateurs peuvent se developper a des taux de croissance de 1,7 a 2,7 j-1 ' equivalents a 
ceux des bacteries qu'ils ingerent a des taux horaires pouvant atteindre 70% de leur propre volume. Ces 

capacites d'ingestion expliquentl'efficacite des predateurs dans ia regulation des effectifs microbiens. 

L'etude de !'impact d'un appon fluviatile sur les microflores a ete etudie au niveau du deboucM du 

Rhone en Mediterranee. Les micro-organismes phototrophes et les Mterottophes sont plus abondants 

dans les eaux du fleuve que dans l'eau de mer, mais les activites (taux d'incorporation de thymidine et de 

leucine) sont similaires dans les deux systemes, avec une plus fone activite par cellule dans l'eau de mer. 

Dans Ia couche d'interface les concentrations bacteriennes sont faibles, mais les taux d'incorporation des 

traceurs sont doubles par rappon a ceux mesures dans l'eau de mer et dans l'eau douce. 

2. Le milieu pelagique. Les concentrations, les biomasses et les activites bacteriennes diminuent avec Ia 

profondeur d'eau. Ces diminutions sont irregulieres, liees aux variations de concentration en materiel 

energetique. Les activites metaboliques doivent etre mesur6es en respectant les conditions de temperature 

et pression de leur niveau d'origine. Une etude comparative (prelevement et culture d'eau profonde sans 

decompression, mise en incubation in situ par submersible) montre que Ia decompression pourrait 

provoquer une inhibition des activites respiratoires. Dans les conditions du milieu profond l'essentiel de Ia 

matiere organique serait essentiellement respir6e et consacree au metabolisme cellulaire de base. 

Les microflores associees aux particules sont taxonomiquement et physiologiquement differentes 

des bacteries libres dans l'eau. Siege principal de Ia nitrification dans Ia colonne d'eau, elles peuvent 

fonctionner comme des couples d'oxydo-reduction ou pt;:uvent cohabiter des bacteries aerobies relies les 

nitrifiantes, et des anaerobies telles des methanogenes methylotrophes. On retrouve dans le materiel 

particulaire cenaines especes de bacteries egalement isolees des tractus digestifs de Ia faune marine. 

3. L'interface eau-sediment. Pour definir dans quelle mesure les bacteries associees au materiel 

particulaire depose s'integrent dans Ia microflore des s6diments on a compare les souches isolees de 

plusieurs centaines d'echantillons d'eau et sediments preleves au niveau de !'interface benthique. Ces 

comparaisons ont montre !a tres nette distinction entre les microflores des eaux proches du fond, 

compos6es essentiellement de pseudomonades, et les microflores, plus Mterogenes, des sediments les 

plus superficiels ou ce groupe est minoritaire. A cette differenciation taxonornique des communautes 

microbiennes pelagiques et benthiques correspond une differenciation physiologique. Dans les masses 

d'eaux profondes les bacteries disposent essentiellement de materiel organique dissous, le materiel 

particulaire labile ayant ete degrade lors de sa chute. Le metabolisme de ces microflores est sunout 

oriente vers !'utilisation des composes organiques de faible poids moleculaire. Dans le sediruent de 

surface Ia reserve organique comprend du materiel particulaire frais produit par !a macrofaune benthique. 

Ce materiel est scinde en petites molecules avant utilisation, d'ou !a frequence et Ia diversite des 

exoenzymes produites par les bacteries des sediments superficiels par rappon aux capacites 

exoenzymatiques reduites des microflores des eaux sus-jacentes. 

4. Les sediments. Dans les 10 premiers mm, des effectifs en bacteries Mt6rotrophes viab!es imponants 

(plusieurs millions de bacteries/ml de sediment) n'ont pu etre observes que dans les zones lagunaires ou 

!a frange littorale. Au deJa d'une centaine de m de profondeur d'eau les effectifs dans les sediments 

superficiels sont plus faibles, limites a quelques milliers ou dizaines de milliers de cellules viables par mi. 

Dans l'epaisseur sedimentaire les effectifs des microflores diminuent rapidement. Quelle que soit 

leur concentration a !a surface du sediment, on observe tres frequemment une diminution des effectifs 

bacteriens de l'ordre d'une puissance de 10 lors a chaque passage du film de surface (inferieur a 1 mm) a 
Ia pellicule sous-jacente de 2mm, puis a Ia couche de 2cm et au sediment de subsurface (2 a 10 em). Les 

pass6es sedimentaires steriles alternent avec des niveaux bacteriologiquement actifs. On a pu denombrer 

plusieurs millions de bacteries viables par ml de sediment dans des niveaux ages de plusieurs millions 

d'annees. Ces microflores anciennes ne sont pas sporulees, leur persistance implique done le maintien 

d'une activite metabolique, limitee mais permanente depuis leur dep6t. Ces conditions permettent une 

activite geochimique microbienne au cours de Ia diagenese pr6coce. 

Dans les sediments le principal facteur de regulation des activites microbiennes est Ia nature et Ia 

concentration des accepteurs terminaux d'electtons. Selon les concentrations en oxygene moleculaire, en 

substrats fermentescibles, en nitrate, en sulfate, Ia matiere organique est preferentiellement degradee par 

le type bacterien le mieux adapte qui devient predominant. ll impose ses produits trt6taboliques qui seront 

repris plus ou moins rapidement par d'autres chaines microbiennes. En milieu anoxique Ia mineralisation 

est done realisee par une succession de reactions d' oxydo-r6duction, effectu6es par differents types 

bacteriens sp6cifiques. Dans des sediments on peut mettre en evidence Ia 'presence concomitante de 

populations microbiennes aerobies et anaerobies, distribuees dans des microniches a leur 6chelle de taille. 

Les microaerophiles, qui exigent Ia presence d'oxygene moleculaire mais a une concentration inferieure a 
celle de !'air paraissent bien adapt6es aux environnements sedimentaires. Pamri les activites anaerobies Ia 

sulfato-reduction se traduit par centaines de pni'oles de sulfate r6duit par litre de sediment et par jour, 

· alors que Ia respiration nitrate et Ia methanogenese concernent seulement quelques pmoles a quelques 

dizaines de pmoles de nitrate consomme ou de methane reduit. En milieu marin, domine par Ia sulfato

reduction, Ia methanogenese d6cqule sunout de Ia reduction de Ia trimethylamine. 
La distribution des bacteries constitue un patchwork, mais leur rOle doit etre considere comme un 

continuum dans lequel les microflores operent en associations a l'echelle d'espace de leur taille 
microscopique et a l'echelle de temps de leur vitesse de generation, mais dont les consequences sur 
l'environnement interviennent a I'echelle planetaire et au niveau des temps geologiques. 

* Synthese des travaux du Laboratoire de Microbiologie Marine. 
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Aeromonas hydrophilQ.. a motile gram-negative rod. causes several diseases among poec!lotherm 
and homeotherm animals, Including haemorrhag!c septicemia, red sore. gastroenterttls and endocarditis 
[2,3.51. Several bacterial phenotypic properties. such as resistance to antimicrobial drugs or virulence 
determinants have been demonstrated to be plasmid encoded. The presence of plasmlds tn these 
pathogenic microorganisms may possess a potential public health hazard, stnce they may be transferred 
from animals to humans either directly or Indirectly [1,4,6,7). 

In this study the antibiotic resistance profiles of A. hydrophila strains Isolated from water 
envtrorunents and animals (shellfish and fish) were analyzed. Furthermore. the Joss of the resistance to 
any antlmlcroblal agents after curtng experiments of the strains was also considered. Drug sensitivity 
patterns of 60 strains of A. hydrophila isolated from animals (shellfish and fish) and water (freshwater 
and seawater) samples were determined by disk diffusion ustng Mueller-Hinton agar (BioMerteux, 
Spain). The following chemotherapeutic agents and concentrations were used (~/ disk): amlkacln (30), 
amplcllltn (10), carbenic!lltn (100), cephalothin (30), chloramphenicol (30), colistin (10). gentamicin (10), 
kanamycin (30), nalldl:x1c acid (30). neomycin (30), nitrofurantoin (300). B pollmyxtn (300 U). 
prystanamyctn (15), streptomycin (10), sulphadlaztne (1000), sulphamethoxazole-trtmethoprlm. (1.25 + 
23.75), tetracycline (30). and tobramyctn (10). All the antibiotic disks were supplied by BloMeneux. 

Curing experiments were can1ed out ustng acrtdtne orange (Slgma. USA), following a modification 
of the teclmiques descrtbed by Winckler et al. [8]. Cells were grown tn Brain-Heart-Infusion broth (BHIB 
Difco, USA) for 24 h, and 2-ml allquots were added to 1-ml of fresh broth, incubating for 3 hat 26°C: 
Then. 1-ml of a solution of acrtd!ne orange (20 ~/ml) was added. and the culture was centrtfuged at 
3,500 x g for 20 min. The supernatant was ellmtnated, and 2-ml of fresh BHIB were added to the pellet 
Incubating at 35oc for 2-6 h. After this penod of time the strains were tested tn relation to the Joss of 
antibiotic resistance and plasmid prof!les. 

The overall percentage of drug-resistance (Table 1) Indicated that more than 90% of the strains we
re resistant to amplc!lltn (91.7%). cephalothin (91.7%). tetracycline (96.7%). and prystanamyctn (93.3%), 
which may be considered like a natural or chromosomal resistance to these drugs. On the other hand, 
percentages of resistance lesser than 5% were obtained for gentamicin (3.3%) and amykacln (0%). 

Although the percentage of resistance of all three groups of stralns was quite slmllar, some 
differences were found according to the source of isolation (Table 1). In fact. resistance to gentamicin 
was only detected on the strains from seawater. Slm!larly. higher percentages· of resistance to carbeni
ctlltn. chloramphenicol. sulphamethoxazole-trlmethoprlm, and nalldl:x1c acid were obtained on the 
strains Isolated from water tn compartson with those from strains of anlmal ortgtn. For streptomycin, 
tobramycln. and kanamycin the percentages of resistance obtained for the freshwater strains were sig
nificantly lower (p< 0.01) than for the other strains. Finally, neomycin resistance was more frequently 
detected among the stratns isolated from marine animals (20%) than from the other envtrorunents 
(about4%). 

All the dertvatlve isolates from the acrtdtne orange treatment were tested for plasmid content and 
drug resistance patterns. Table 1 reports the percentages of drug-resistance presented by the strains 
after the curing assay. The strains of A. hydrophtla Isolated from the three env!rorunents carried 
resistance genes located In the bactertal chromosome for the antibiotics ampjc!lltn, cephalothin, 
tetracycline, carbenicllltn. prystanamyctn and nitrofurantoin. In contrast. the cured plasmldless strains 
lost simultaneously their resistance to tobramycln, neomycin. gentamicin. sulphadlaztne and 
kanamycin. The resistance to nalldlxlc acid, streptomycin, sulphamethoxazole-trimethoprtm, 
chloramphenicol and colysttn are ltnked to chromosomal and plasmid genes. 

Table 1. Resistance to 18 chemotherapeutic agents in the strains of A. hydraphila depending on the source of 
isolation before and after curing experiments 

Drugs Source 
Freshwater (n-23) Seawater (n=2Z1 Animals (n=10) 

Beforea After a Before After 
Ampicillin (Am) 87b 
Amikacin (AN) 0 
Carbenicillin (Cb) 69.6 
Cephalothin (Cf) 87 
Olloramphenicol (C) 65.2 
Colistin(O) 26.1 
Gentamicin (Gm) 0 
Kanamycin (K) 4.3 
Nalidixic acid (NA) 60.9 
Neomycin (N) 4.3 
Nittofurantoin (FM) 78.3 

Polimyxin If (PB) 4.3 
Prystanamycin (Pr) 87 
Streptomycin (5) 435 
Sulphadiazine (Sd) 78.3 
Sulphamethoxazole (SXT) 69.6 
Tetracycline (Te) 95.6 
Tobramycin (NN) 8.7 

aBefore and after curing experiments 

bPercentage of resistant strains. 

87 92.6 
0 0 

69.6 74.1 
87 92.6 
435 51.9 
21.7 18.2 
0 7.4 
0 18.5 

34.8 59.3 
0 3.7 

78.3 81.5 

ND 11.1 
87 96.3 
13 85.2 
0 74.1 

13 63 
95.6 96.3 
0 14.8 

cAll the strains resistant to Polimyxin B did not harbored plasmid 
ND: Not determined 
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Z. MOUREAU", J. SWINGS ... F. BERHIN" .. , E. SULTEN", K. VAN HONACKER .. , J. REMACLE""", B. 
CHAMPENOIS" ET H. NEYBERGH .. "" 

"lnstitut royal des Sciences naturelles, rue Vautier 29, 1040 Bruxelles (Belgique) 
.. Laboratorium voor Microbiologie, Ledeganckstraat 35, 9000 Gent (Belgique) 

... Laboratoire d'Ecologie microbienne, B22, Sart-Tilman, Liege (Belgique) 
.... Service Geologique de Belgique, rue Jenner 13, 1040 Bruxelles (Belgique) 

INTRODUCTION 
Depuis 1988 nous nous interessons au role des Bacillus du groupe cereus 

dans la localisation des gisements auriferes (Neybergh et al. 1989 et 1990). 
En effet,il apparait que ces bacteries,a la fois resistantes B. certains anti
biotiques et a certains metaux,sont comp8titivement favoris8es dans les sols 
metalliferes. Elles peuvent done servir d' indicateurs~ 

Un des aspects de notre travail fut de caracteriser une centaine de 
Bacillus preleves dans des zones auriferes d' origines giwgraphiquP.s differen
tes et de verifier leur resistance a 14 antibiotiques et a 5 meta,.x.Il est 
apparu 2 types de populations en fonctiori de leur resistance a des antibioti
ques particuliers. 

MATERIEL ET METHODES 
99 souches bacteriennes ant ete isol8es de sols presumes auriferes du 

Limousin(France), des Cevennes(France), de la Croix-Scaille(Belgique )et du 
Soudan(Afrique). La resistance aux antibiotiques sui vants a ete etudiee au 
moyen de pastilles placees s•1r boites de gelose Hueller-Hinton: 

Neomycine(30 J..lg) Amoxycilline(25 ;1g) .;treptomycine(10 pg) 
Colistine(10 ,1.1g) Penicilline G(10 U) Erythromycine(15 pg) 
Kanamycine(30 llg) Carbenicilline(100 llg) Polymyxine B(jOO U) 
Ampicilline(1{) ,1.1g) Tetracycline(30 pg) ChloramphenicolOO pg) 
Gentamicine( 10 ug) Rifampicine(30 pg) 

Par la suite ,la· CMI (concentration mini male inhibitrice) de la co lis tine 
a ete verifiee sur 9 souches au moyen de galeries ATB CMI. Les souches ont 
ete caracterisees au moyen de galeries API CHB 50 et par analyse des acides 
gras suivant la methode MIS(Microbial Identification System;r1icrobial ID,Inc; 
Delaware, USA). 

Les CMI du cuivre,du zinc,de l'antimoine et de l'arsenic ont ete deter
minees,en milieu de culture liquide,pour un ensemble de souches appartenant 
au groupe precedent. 

RESULTATS ET CONCLUSIONS 
Les resultats de l'€tude de la resistance aux antibiotiques ne se reve

lerent significatifs que pour 1' amoxycilline ,la colistine ,la pEmicilline ,1' am 
picilline et la carbenicilline. En consequence seuls ces derniers ont ete 
pris en consideration par la suite. En mettant les resultats sous forme d'his 
togramme on distingue 2 populations a resistance differente. Ceci est mis en 
evidence dans le tableau ci-joint. On y constate notamment que les souches de 
type II sont absolument resistantes a 10 .)lg de colistine par pastille. Une 
recherche de la CMI sur 9 souches du groupe B. cereus a montre que la resist
ance a atteint 5 fois 16 mg/1, 3 fois 32 mg/1 et meme 1 fois 128 mg/1. 

Lea souches testees se sent r€v€-l€es particuli€-rement r€sistantes au 
zinc,a l'antimoine et it. l'arsenic. Ces 2 derniers m€-taux sont connus comme 
€tant souvent aSsoci€-s a l'or. Leurs CMI s'€levaient au maximum a 40 mH 
d'antimoine, 2.5 mM d'arsenic et 2 mH de zinc. 

Apres caracterisation des souches,on a pu constater que le type II appar
tient au complexe des Bacillus ~-mycoides-thuringiensis tandis que les 
autres,du type I,appartiennent a des Bacillus divers: B.subtilis, B.latero-
sporus, B.megaterium et B.alvei. ---

La population de type II est nettement resistante a la colistine, ce qui 
pourrait faire de cet antibiotique un critere de determination. En outre la 
colistine,qui est en fait une bacteriocine produite par des Bacillus du sol, 
agit essentiellement sur les Gram-negatif, ce qui pourrai t jo;;;;-;:;~ole dans 
les phenomenes de competition dans les sols. 

DIFFERENCIATION DES POPULATIONS I ET II PAR LA HESITANCE AUX ANTIBIOTI'iUES. 

COMPARAISON DE LA MOYENNE DES ZONES D'INHIBITION PAR A.B. ET PAR REGION 

Q) 

-~ 
-~ 
0 u 

(n=nombre de souches dans chacune des populations) 

n=9 n =9 
CEVENNES 

n=l n=29 n=l n=19 
LIMOUSIN.Z LIMOUSIN.H 

n=l n=lO 
SOUDAN 

n=4 n= 16 
IX-SCAILLE 

Neybergh ,H. and al. ( 1989) Biochemical prospection: application to .gold deposit 
research. Study of the relationship between the Bacillus cereus content and 
gold content in the soil. Intern.symposium "Gold~uropa".Toulouse 1989. 

Neybergh,H.and al.(1990) Study of the~ ~-mycoides-thuringiensis 
complex present in auriferous soils.Intern.Symp.Geoch.Prosp.Prague, aout 1990 
a paraitre. 
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Linkage of heavy-metals and antibiotics resistance of bacterial 

strains isolated from the marine environment 

Manuel AVILES , Antonio DE VICENTE, Juan C. GODINA and Pedro ROMERO 

Laboratorio de Microbiologia, Facultad de Ciencias, Universidad de Malaga, 29071-Malaga (Spain) 

Introduction. 
The resistance ability·of some microbial groups against heavy metals and antibiotics 

has been detected frequently. Some studies show that the strains resistant to these agents 
can be isolated from different environments, such as gastrointestinal tract of man and 
domestic animals, aquatic environments, soils and clinical ~amples (3,4,5). The high 
frequencies of resistant strains may be caused by the selection process induced by heavy 
metal pollution of these environments and the widespread use of antibio_tics in a_gricul~re 
and medicine. Genetic transfer is considered to be another factor responsible for mcreasmg 
the isolation frequencies of these strains. The purpose of this study is to determine the 
relationship between heavy metal and antibiotic resistance patterns of microorganisms 
(bacterial indicators and pathogens) isolated from the marine environment (water, shellfish 
and sediments). 

Material and Methods. 
Samples were collected in the marine area near the Guadalhorce river mouth and in 

beaches affected by sewage discharges in Malaga (Spain). The studied microorganisms 
belong to two groups: fecal pollution indicators (Coliforms and Fecal Str~ptococ~i), and 
pathogens (Pseudomonas aeruginosa, Salmonella spp, Aeromonas hydroph1la, Vtbrw spp, 
and Staphylococcus spp). The culture media employed for isolation of the microor~anisms 
were: Endo agar, KF agar, Cetrimide agar, XLD agar, rnA agar, TCBS agar and Manmt_ol_ s~t 
agar for each microbial group, respectively. The _stu_dy of heavy metal a~d a~tibi~tlc 
resistance patterns were determined by the agar dilution method and the disk diffusion 
method, respectively (6). 

Results and Discussion. 
The results obtained are summarized in Table 1, which shows the most frequent 

patterns of multir.esistance to metals and antibiotics of each microbial group. Pseudomonas 
aeruginosa presents the widest resistance profile; it should be noted that this is the general 
profile, and in addition some strains are also resistant to other agents, such as arsenate, 
streptomycin or sulfamides. These results are in agreement with those obtained by other 
authors (2,4,6). 

In general, for Gram-negative microorganisms, except for Salmonel~a. spp, ~he 
resistance patterns generally include the resistance to arsenate and amoxyclllm, which 
seems to indicate a possible association of the resistance to both agents. Among Gram
positive microorganisms, the resistance pattern of Staphylococc_us spp is more si~ilar to 
the Gram-negative patterns, than to that of the Fecal Streptococci. Fecal StreptococCI do not 
present a significant resistance to heavy metals. The linka!?e of resis~ance to m~rcury and 
amoxycillin is observed in P. aeruginosa and some Coliform strams, accordmg to the 
results obtained by other authors (1,4). 

TABLE 1. Heavy-metal and antibiotic multi.resistance patterns of bacterial strains 
frequently isolated from the marine environment. 

MICROORGANISMS 

P. aeruginosa (n=25) 

Coliforms (n=56) 

Salmonella spp (n=15) 

A. hydrophila (n=32) 

Vibrio spp (n=22) 

Staphylococcus spp (n=12) 

Fecal Streptococci (n=41) 

As: Arsenate 
Cd:Cadmium 
Cr: Chromium 
Hg:Mercury 
Zn:Zinc 

References: 

RESISTANCE P A TIERNS FREQUENCY (%) 

Cd-Cr-Hg-AMX-CF-K-C-NA-SXT 
Cd-Cr-AMX-CF-K-C-NA-SXT 
Cd-Cr-Hg-AMX-CF-K-NA-SXT 

As-Hg-AMX 
As-AMX-CB-5-G 

As-AMX-CF 

As-AMX-TE 

Cr-AMX 

Zn-S-K-L-G 

AMX: Amoxycillin 
CB: Carbenicillin 
CF: Cephalothin 
C: Chloramphenicol 
K: Kanamycin 

NA: Nalidixic Acid 
S: Streptomycin 
G: Sulfamides 
TE: Tetracicline 
SXT: Trimethoprim-

28.0 
28.0 
12.0 

28.5 
8.9 

40.6 

36.3 

41.7 

31.7 

L: Lyncomicin Sulfamethoxazole 

1 jOLY, B.; R. CLUZEL; P. HENRI & ). BAR)OT, 1976. Ann. Microbial. (lnst. Pasteur), 127B: 57~. 
2 JOLY, B.;). ALAME; R. CLUZEL & D. PEPIN, 1979. Ann. Microbial. (Inst. Pasteur), l30B: 341-347. 
3 KELCH, W.J. & j.S. LEE, 1978. Appl. Environ.Microbiol., 36: 45().456. 
4.MARQUES, A.M.; F. CONGREGADO & M.D. SIMON-PUJOL, 1979. J. Appl. Bacterial., 47: 347-350. 
S.NAKAHARA, H.; T. ISHIKAWA; Y. SARAI; I. KONDO; H. KOZUKUE & S. SILVER, 1977. Appl. Environ. 

Microbial., 33: 975-976. 
6.de VICENTE, A., 1986. Tesis Doctoral. Universidad de Malaga. 
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Effect of Mercury on marine bacterial population 
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Laboratorio de Microbiologia, Facultad de Ciencias, Universidad de Malaga, 29071-Malaga (Spain) 

The importance of the adaptation of aquatic microbial communities in response to 
the exposure to certain pollutants or stress factors is largely accepted. However, this 
adaptation may be due to three different mechanisms: induction of specific enzymes, 
genetic changes that produce new physiological abilities or selection of specific organisms. 
In general, these changes produce a lower diversity in the population, some microbial 
groups disappearing whereas the population is enriched in groups with high tolerance to 
the environmental stress. Mercury has been one of the most studied pollutants in relation 
with microbial communities in recent years (1,3). The aim of this work was to study the 
response of a bacterial population to mercury 

Material and Methods. 
We reported the effect of the addition of different concentrations of mercury (50 and 

500 ppb), in the form of HgClz, to non-polluted seawater obtained from Malaga Bay (Spain), 
on the viability of the marine microbial population and the mercury resistance levels of 
this heterotrophic bacterial population, kept in darkness conditions, at 20°C for 48 h. Total 
count of viable cells was done on seawater agar. Resistant bacteria count was done on the 
same medium to which 10 mg/1 or 30 mg/1 of HgCl2 were added. The plates were incubated 
at 20°C, for 5 days. This experiment was repeated five times and average values of log 
c.f.u./ml (X± 5/2 of five experiments) at 0, 10, 24 and 48 h are shown in Figures 1-4. We 
used the plate count method because of its simplicity, although it has been heavily criticised 
as a method for estimating the number of viable bacteria in the marine environment. 
However, some authors (2), have demonstrated that plate count of mercury resistant 
bacteria is a representative index of these populations. 

Results and Discussion. · 
In Figure 1, it can be seen that in normal conditions, with a virtual lack of mercury in 

seawater, the aquatic bacterial population remained stable during all the assay, both in the 
total number of bacteria, and in the number of resistant bacteria. On the other hand, in 
these conditions of lack of the selective agent in water, approximately 10% of the bacterial 
population were mercury-resistant, growing in culture media with 30 mg/1 of HgCh, and 
20-30% were resistant to 10 mg/1 of HgCJz. 

As seen in Figure 2, the addition of mercury leads to an important alteration in the 
microbial flora, producing a remarkable ·initial decrease in the total viable bacterial 
population, after the addition of 500 ppb of mercury. Although the population goes through 
an initial adaptation, it quickly recovers, so after 48 h, counts of more than 10 times higher 
than those obtained in non-stressed medium are attained. Figure 3 shows the behaviour of 
the mercury-resistant bacterial population when the stressing agent is added to seawater. A 
clear increase in the resistant bacterial population is produced, and at 48 h this exceeds the 
resistant bacterial population count in seawater without mercury almost by two orders of 
·magnitude. 
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FIG.l: SEAWATER (0 ppb Hg). FIG. 2: TOTAL COUNTS. 
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FIG. 3: Hg RESISTANT COUNTS (30 ppm). FIG. 4: SEAWATER+ 500 ppb Hg. 

When the population is subjected to a stress by the addition of mercury (especially 
when 500 ppb of mercury were added), a selection of mercury-resistant microorganisms is 
produced in the short adaptation phase, and then, although only 10% of initial bacterial 
population is resistant (as we can see in Figures 1 and 4), after 10 hours, all the heterotrophic 
bacterial population is mercury-resistant (Figure 4). These results seem to confirm that there 
is an adaptation of the microbial population in response to the external selective pressure of 
mercury, through the selection of the bacteria resistant to this agent, with an increase of this 
population from approximately 10% to 100%. 

References: 
1 BARKA Y, T. & H. PRITCHARD, 1988. Microbiological Sciences, 5: 165-169. 
2 NELSON, J.D. & R.R. COLWELL, 1975. Microbial Ecology, 1: 191-218. 
3 ZELIBOR, J.L.; M.W. DOUGHTEN; D.J. GRIMES & R.R. COLWELL, 1987. Applied and Environmental 
Microbiology, 53: 2929-2934. 
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Glutathione protects the Unicellular Marine Alga Acetabullilria 

against Cadmium Toxicity 
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The giant unicellular narine ~lga . Acetabularia ~ is used in many 
laboratories as a model for experimental research in the field of fundamental and 
applied ecotoxicology (Arapis et al., 1988). 
In recent studies we have found that cadmium, at concentrati~ns ~ 0.9 u.M, provoked a 
strong (> 50%) inhibition of cellular differentiation (cap formation) in both whole 
and enucleated cells (van der Ben et al., 1988a,b ; Bonotto et al., 1989 ; Qiu et 
al., 1989). This response of Acetabularia to cadmium intoxication prompted the 
search for protective substances against this toxic metal. 
The tripeptide glutathione, which has a protective effect against ionizing 
radiations (Bonotto and Netrawali, ·1969) and oxidation damages, was supplied to 
Acetabularia, alone (0.1 mM) or in combination with cadmium (0.9 and 1.8 ~), In 
addition, glutathione was added to the algae two days after cadmium, to reveal 
whether the effects of this metal could be reversed. 
All together, the results showed a strong protective effect of glutathione against 
£6~ium toxicity. Moreover, parallel experiments with the gannna emitting isotope 

Cd, in combination with glutathione, suggested that the protective mechanism 
probably involved both extracellular and intracellular processes, leading 
respectively to a decrease of cadmium penetration into the cell and to a reduction 
of its availability for toxic interactions with cellular constituents. 

ARAPIS, G., PUISEUX-DAO, S., BAEYENS, W. and S. BONOTTO (1988) Utilisation de 
1' algue unicellulaire geante Acetabularia acetabulum comme modele pour des 
etudes dans le domaine de la toxicologie fon~et appliquee. Rapp. Connn. 
int. Mer M•Mit., 31, 2, p. 182. . 

BONOTTO, S., CINELLI, F., QIU, G., KAREZ, C., ROMEO, M., BOUQUEGNEAU, J.-M. and van 
der BEN,. D. (1989) Experimental approach to the study of the response of the 
giant unicellular marine alga Acetabularia to metal pollution. 5th European 
Ecology Symposium, Anthropogenic perturbations of ecological systems : the need 
for transfer from principles to applications, Siena, Italy, September 25-29, 
1989. SITE NOTIZIE, Boll. Soc. Ital. Ecol., 10, 196. 

BONOTTO, s. and NETRAWALI, M.s. (1969) Radiolysis and radioprotective effect of 
glutathione. Int. J. Radiat. 8iol., 15, 275-278. 

QIU, G.Y., NUYTS, G., van der BEN, D. and BONOTTO, S. (1989) Protective effect of 
manganese in whole Acetabularia cells treated with cadmium. Second joint 
meeting of the Belgian and Dutch societies of plant physiology, University of 
Antwerp, November 24·, 1989. Abstracts, p.40. 

der BEN, D., VANDENHOUTEN, c., NUYTS, G., BOSSUS, A., KAREZ, C., BOUQUEGNEAU, 
J.-M. and BONOTTO, S. (1988a) Experimental approach to the study of the 
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Biochim., 96, PP45. 
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BONOTTO, S. (1988b) Uptake, distribution and biological effects of cadmium in 
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Medit., 31(2), 183. 
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CimHique de Ia retention et de Ia digestion de Klebsiella pneumoniae 

par l'eponge Ephydatia fluviatilis 
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''lnsritut royal de Sciences naturelles de Belgique (Belgique) 

Les eponges se nourrissent par filtration en retenant un large spectre de 
particules allant de 0,1Jlm a 50 Jlm, parmi lesquelles les bacteries. Depuis 
plusieurs annees, les mecanismes de la nutrition bacterienne des eponges sont 
etudies dans notre laboratoire en utilisant des germes marques <Willenz et al 
1986). Ces travaux mettent en evidence l'efficacite de la nutrition bacterienne 
et !'existence de differences dans les taux de retention et de digestion selon 
les especes bacteriennes <Richelle et al 1988 c, 1990>. Les caracteristiques 
morphologiques des bacteries interviennent probablement a divers niveaux pour 
rendre compte de ces resultats. 

Nous avons, dans le present travail, etudie la retention et la digestion d'une 
bacteria capsulae, Klebsiella pneumoniae par l'eponge d'eau douce Ephydatia 
fluviatilis. Ceci permet d'evaluer l'impact de la presence d'une capsule su·r la 
nutrition. 

Methodes: elles ont ete decrites precedemment <Huysecom et al 1988a,bl: des 
eponges a gees de 1 0 jours, a jeun ou nourries pendant differents temps a l'aide 
de suspensions bacteriennes non marquees sont incubees pendant une heure dans 
une suspension de bacteries marquees a la thymidine tritiee (2ml 10 1 b/mll. 
La cinetigue de la retention est etablie en mesurant la radioactivite au niveau 
des eponges et du milieu exterieur au cours du temps. 
Pour' etudier la cinetigue de la digestion, les eponges sont placees dans un 
milieu mineral frais non radioactif apres !'incubation d'une heure en presence de 
bacteries marquees. La radioactivite est ensuite suivie au niveau des eponges et 
du milieu exterieur. La filtration de ce dernier sur filtre millipore 0,451Jm 
permet de determiner s'il y a egestion de produits de la digestion ou non. 

Resultats et discussion 

Retention: (figure 1 l la cinetique de retention de K.pneumoniae montre un effet 
de l'etat nutritionnel de l'eponge sur le taux de retention c'est-a-dire sur le 
nombre de bacteries retenues par heure. 
K· pneumoniae est retenue plus efficacement par les eponges a jeun <86%>. Apres 
nourrissement, le taux de retention decroit jusqu'a atteindre 38% de sa valeur 
initiale, pour augmenter ensuite apn!s 9 heures de nourrissement. 

Digestion: (figure 2) on observe une augmentation lineaire de la radioactivite 
dans le milieu exterieur et une diminution correspondante de celle-ci dans les 
eponges. Ceci provient de l'egestion de residus de la digestion et non de 
bacteries qui seraient rejetees par l'eponge sans etre digerees: Le nombre de 
bacb\ries digerees par heure, calcule d'apres la droite de regression, est estime 
a 7,7 % du nombre de bacteries ingerees, soit 1,3 10. b/h/ eponge issue de 50 
gemmules. 
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Ces resultats mettent en evidence que K.pneumoniae malgre sa capsule est 
retenue et digeree par E. fluviatilis mais a un taux moindre que E.coli <Huysecom 
et al 1988 a). Par ailleurs, ils confirment la relation existent entre retention 
et digestion. 

En conclusion de l'ensemble des travaux effectues sur la retention et la 
digestion des bacteries par les eponges d'eau douce, il apparait que les taux 
differentiels de retention et de digestion sont lies tant a l'espece d'eponge qu'a 
l'espece bacterienne. Ils peuvent etre explicites de la maniere suivante: 
A jeun, la digestion n'intervenant pas, le taux de retention depend de la 
capacite de phagocytose specifique de l'eponge et de l'espece bact.kienne, les 
caract.§ristiques morphologiques de celles-ci <taille, capsule, amas ou chainettesl 
etant probablement un facteur determinant. L'intervention de recepteurs 
specifiques a ete suggeree mais n'a pas encore ete mise en evidence. Des 
experiences de nutrition simultanee avec deux bacteries devraient permettre d'y 
repondre. 
Apres nourrissement, le taux de retention des bacteries est module . par 
l'efficacite de leur digestion par l'eponge. Retention et digestion sont done 
etroitement lies comme nous avons pu le montrer lors de l'etude de la digestion 
d'E.coli par trois especes d'eponges <Richelle et al 1990>. A une efficacite de 
retention elevee correspond une bonne assimilation des bacteries. 
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Dans les eaux naturelles, les metaux cu2+, Zn2+. ccf2+, sont reconnus 
comme toxiques dans leur forme libre pour Jes systemes biologiques tels 
que le phytoplancton, les algues, les poissons . Les metaux complexes par 
des ligands organiques ou inorganiques apparaissent beaucoup moins 
toxlques. La litterature s·accorde en general pour designer les composes a 
masses moleculaires inferieures a 1000 daltons comme responsables de 
ce phenomene<KRAMER et DUINKER, 1980). Neanmoins ces resultats ont ete 
obtenus avec des fractions humiques <geopolymeres) extraites des eaux ou 
de sediments et non a part! .r de Ia matiere organique dissoute (MOD) dans 
son integralite. 

Dans les eaux lnterstitielles <Ell de sediments marins preleves en 
zone littorale, nous avons mis en evidence !'importance relative elevee des 
biopolymeres par rapport aux geopolymeres (30 a 80%) <BENAMOU et a! 
1989). Les biomolecules dans ces proportions ne peuvent plus etre 
negligees dans une etude de phenomenes de complexation metaux -matiere 
organique. Ces molecules sont susceptibles d'interactions avec les metaux 
<BIZRI-KHAYAT,I983;JOHN et HAAS,l986) et done responsables de leur 
transport et de leur biodisponibi lite. 

Dans ·une precedente etude , nous avons montre le role non 
negligeable des acides amines dans les phenomenes de complexation de 
certaines fractions des El (BOUSSEMART, 1989). Nous poursuivons ce 
travail par !'etude, qualitative et quantitative des glucides. Dans le meme 
but d'apprehender Ia totalite de Ia MOD , Jes echantillons d'EI ne sont 
soumls a aucune extraction ni traitement chimique avant le 
fractionnement physique par ultrafiltration ( seuil de coupure a 1000 
daltons ) et chromatographie par permeation de gel (G-15). Le coup !age de 
ces deux techniques offre l'originalite de montrer que 70 a 90% du carbone 
organique dissous de Ia MOD appartient a Ia fraction dite inferieure a I 000 
daltons En effet , l'ultrafiltration a circulation tangentielle sous 
pression (2 bars) avec une membrane en polysulfone ether, favorise Ia 
separation des petites molecules de !'ensemble de Ia MOD avec un bon 
rendement. D'autre part, Ia chromatographie par permeation de gel , avec 
l'eau de mer comme eluant, se revele etre un outil efficace pour separer 
Ia matiere organiaue tres complexe des El 

La polydetectlon des fractions Issues de Ia G-15 par absorption UV, 
spectrofluorimetrie , mesure de carbone organique dissout permet de 
mettre en evidence plusieurs families de composes telles que les acides 
fulviques (geopolymeres), les acides amines (BOU55EMART et al. 1990). La 
methode de "derivation precolonne" avec Ia DN5 hydrazine (MOPPER eta!. 
1983) est appliquee au melange de glucides contenu dans les El. La 
chromatographle liquide haute performance (HPLC) en phase inversee nous 
permet de separer les dansyl - hydrazones formees La fluorescence 
(excitation: 370nm; emission: 540nm) est utilisee pour Ia detection Les 
temps de retention et aires des pies de 11 etalons glucides permettent 
d'ldentifler et d'evaluer les sucres presents dans chacune des fractions. 

Cette etude a permis de preciser Ia nature et !'importance des 
glucldes dans les differentes fractions obtenues a partir de Ia MOD des 
eaux lnterstitielles de sediments marins pour differents sites , par 
rapport aux autres familles de geo et biomolecules. 
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M-VII 

Dynamique mensuelle des composants chimiques fondamentaux de 
l'espece Actinis sequins (l.) 

Natalia ROSOIU 

lnstitut Roumain de Recherches Marines, Constanta (Roumanie) 

SUMM.ARY 

Dry tissue o:f tctinia aeguina is rich in proteins (54.81 %) , li
pids (15.53% and glycogen (23.4 %). The content of total phos
phorus is high, with values ranging between 0.60 % - 1.19 % of 
dry weight. The smallest values occurred during september and 
november, and the highest ones during february and march. No 
significant correlation with the quantitative variations of the 
other tested biochemical compounds was :found. 
The following 19 aminoacids were identified by chromatography: 
cystine, cysteine, lysine, hystidine, arginine, asparagine, 
aspartic acid,serine, glycine,glutamic acid, threonine, alanine, 
proline, y-aminobutyric acid, phenylalanine, methionine, valine, 
tyrosine and leucine. Cystine,cysteine,alanine,proline, t;yrosine 
and valine were always present but in very variable amounts. Ly
sine,hystidine,arginine and methionine remained rather unchanged 
during the year. The periods of maximum accumulation (may,auguat 
and october) for cystine,cysteine,bystidine,asparagine, asparti~ 
acid, serine, alanine (excepting may) and 'f -aminobutyric acid, 
coincide with those of proteins.An almost perfect parallelism of 
the curves of lysine, arginine, phenylalanine and methionine is 
observed. 

Actinia aeguina (L.) est peu connue du point de v11e bio
chimiqlle, bien q11' elle presente une biomasse import ante dans lea zones 
rocheuses de faible profondeur du littoral roumain de la mer Nci.re. 
Dans le present travail no us no us proposons d' etudier la d;ynamiqlle 
i'!lensuelle des composants biochimiques fondamentaux de cette eap$ce. 

L' analyse des resul tats obtenus no us a permis de constater 
que: 

- La teneur en eau oscille entre 80,53% et 88,37% d11 tissu 
frais, etant ma.ximale ~endant lea mois de mars, juin, aoilt et pendant 
la periode octobre - decembre. 

- La teneur en cendre est plus elevee au cours des moia 
d' automne et d' hiver, oscillant entre 5,23 % et 11,93 % dU tissll sec. 

- Lea proteines variant entre 35,56 % et 73,63% du poids 
sec,avec des valeurs plus elevees vera la fin du printemps et pendalilt 
tout l' ete. 

- Lea lipides presentent une d;ynamique similaire a celle 
des proteines, leurs valeurs max:imales - jusqu' a 19,55 !>" dU poids 
sec - etant observees en juillet-aoilt et novembre-decembre. 

- Las glucides varient en rapport inverse des proteinesa on 
enregistre des valeurs plus faibles a la fin du printemps et pendSXLV 
tout l'ete, avec le maximum de 46,17% en avril. La plupart des glll
cides sont presents sous forme de glycogeme comme substance energ$
tique de reserve. La teneur max:imale en glycogene (38,02 % du tisau 
sec) a ete remarquee en avril. 

En tenant compte des valeurs moyennes1 on peut considerel! 
qu Actinia a(guina est una espece riche en proteines, en lipides et 
en glycogene respectivement 54,81%, 15,53% et 23,~ du poids sec). 

- La teneur en phosphore est elevee, avec des valelll.'s COIII
prises entre 0,60 et 1,19% du tissu sec. Lea quantites minimales sont 
observees en septembre et novembre, et las quantites maximales eD 
fevrier-mars. On n' a mis en evidence aucune correlation sie;nificative 
avec lea quantites des autres composants biochimiques testes. 

- On a decele,par chromatographie,l9 acides amineslcystine, 
c¥st€line, lysine, hystidine, arginine, asparagine, acide aspartiqll8, 
serine, glycocolle, acide glutamique, th·reonine, alanine, proline, 
acide i' -aminobutyrique, tyrosine, methionine, valine, phenylalanine 
et leucine. 

Quelques-una des acides amines sont constamment presents, 
mais en quantites variables: cystine, cysteine (0,85 - 20,39 :>'); ala.:. 
nine (3t59 - 21,23 %); proline (1..!2'7X> - 19,04 %); t;yrosine (0,18 :>' -
11,05 %;; valine (0,53%- 9t72 :ro). La lysine (1,83%- 6,62 ~), 
l'hystidine (1,62%- 4 95 %;, l'arginine (1,05%- 5,83 %) et la 
methionine (0,81 % - 5,40 %) enregistrent ordinalrement des valeurs 
moyennes qui oscillent moins au cours de 1' annee. La threonine, le 
glycocolle,l' acide glutamique,l' acide j-aminobutyrique et la phenyl
alanine sont presents en petites quant:Ltes,leurs limites de variation 
etant respectivement 0,1~ - 1 1 48 %; 0,2'7X> - 2,12 %; 0,24% - 2,75 %; 
traces - 3,32% et 0,49 % - 3,43% du tissu sec. 

Les periodes d' accumulation maxi male (mai, aoO.t et octobre) 
des acides amines soufres, hystidine, asparae;ine, acide -~spartiqll6, 
serine, alanine (a 1' exception du mois de mai) et acide ,. -aminobuty
rique, coincident avec celles des proteines. L' acide glutamique et le 
glycocolle varient inversement a la concentration des prot6ines. Un 
parallelisme presque parfait est constata entre lea courbes de la 
lysine, 1 t arginine' la phenylalanine et la methionine. 

Pour lea animaux marins euryhalins,qui vivant en eaux ayant 
une salinite variable, le glycocolle,l'alanine, la proline et l'acide 
glutamique - sous forme d 1 acides libres - jouent un role important 
dans lea processus d'osmoregulation.En ce qui concerne·Actinia ~ 
du littoral roumain, on a mis en evidence des quantites importantes 
d' alanine et de proline, mais de faibles concentrations en glycocolle 
et en acide glutamique. Il est pJ!obable que chez cette espece le 
glycocolle et 1' acide glutamique participant dans une moindre mesure 
aux processus d' osmoregulation (ROSOIU et BADEA, 1976). 

Actinia aeguina, ainsi que d' autres invertebres du littoral 
roumain, presente un taux eleva en acides amines basiques (lysine, 
hystidine, arginine) et acides amines soufres. 
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M-VI2 

Quelques donnees sur l'activite de Ia Pepsine, Ia Trypsine et Ia 
Chymotrypsine de certaines especes d'lnvertebres et poissons du 

littoral Roumain de Ia Mer Noire 

Natalia ROSOIU 

lnstitut Roumain de Recherches Marines, Constanta (Roumanie) 

SUMMARY 

The activity of pepsin, trypsin and chymotrypsin was measured in 

the protein extracts of Actinia aeguina, ~ thomassiana, 
~ acanthiaa, Odontogadus merlangus euxinus and Engraulis 
encrassicolus ponticus. Our work has brought some contributions 
to the detection of several· proteolytic enzymes. Data comparison 
showed that the proteolytic activity had a number of specific 

particularities depending respectively on the organism, on the 

organ and on tissue. Detection and knowledge o:f the degree of 
activity of these proteases may constitute an experimental 

premise for their utilization in different applicative scopes. 

En vue d1 une meilleure valorisation des ressources biolo
giqll6a du littoral roumain de la mer Noire, no us avons etudie 1 • acti
vit& de la pepsine, de la trypsine et de la chymotrypsine provenant 

des organs a et tissus d' un coelentera (Actinia aeguina) ,d' un gastero

pode (~ thomaasiana) et de trois especes de poissons (Sgualus 
acanthias, Odontogadus merlangus euxinus et Engraulis encrassicolus 
~). 

Lea activitea enzymatiques ont ete determinees dans des 
extraits proteiquea totaux obtenus a partir d'un gramme de tissu 
broye dans 10 ml d' eau distillee. L' activite de la pepsine a ete de
terminee par la methode ANOON (in COLOWICK & KAPLAN, 1955), en utili

sant COIIIme substrat l'hemoglobine a un pH de 2,0; l'activite de la 

tr;ypsine et de la chymotrypsine ont egalement ete determinees par la 
methode ANSON, mais avec 1' hemoglobine denaturee comme substrat a un 
pH de 7,5 et 8,0 respectivement (ROSOIU et al., 1981). 

En etudiant la distribution des activi tea proteolytiques 
par organes et tissus, on a obtenu les resultats suivants: 

-Chez ~ thomassiana, l'activite proteolytique de pH 
2,0 est nulle dans les bronches, lea glandes salivaires, la glande 

vitellogene, l'hepatopancreas,le manteau, le pied et le corps entier. 

Par contra, dans l'estomac, lea reins et lea testicules lea valeurs 
observees ont ate respectivement de 3950, 2635 et 6625 nmoles tyro-. 
sine/mg proteine/minute, a 37°C. 

- Dans las extraits proteiques obtenus du corps entier 

d1~~. des organes et des tissus de~ thomassiana on 
n' a pas decele d' activite tryptique. Chez Sgualus acanthias,l' activi
te tryptique est nulle dans le foie. Dans les autres organes etudies 

1l y a eu une faible activi te enzymatique (de 45,4 nmoles tyrosine/mg 
proteine/minute, 37°C, dans lea oeufs, 833,2 nmoles t;yTosine/mg pro
tiline/minllte, 37°C, dans 1' estomac). 

Quant aux especes de petits poissons marins que nous avons 

analysees, l'activite tryptique etait intense. Nous avons enregistre 

des valeurs allant jusqu' a 14 026 nmoles tyrosine/mg prot6ine/minute' 
37°C dans lea visceres d' anchois. 

La plus grande activi te proteolytique de pH 8,0 (18 887 

nmolea tyrosine/mg proteine/minute, 37°C) a ete decelee chez Actinia 

~· Pour~ thomassiana on a trouve une activite chymotryp
tiqlle seulement dans l'hepatopancreas (645 nmoles tyrosine/mg prote

ine/minute, 37°C) et dans lea reins (895 nmoles tyrosine/mg proteine/ 

minute, 37°C). Chez~ acanthias, l'activite proteolytique de pH 

8,0 n' a pu etre mise en evidence dans lea oeufs, le foie et 1' hepato

pancreas. Dans l'estomac, l'activite chymotryptique a ate de 2550 

nmoles tyrosine/mg proteine/minute, 37°C •. 
Dans lea vis ceres plains d' oeufs et de lai tance d' Engraulis 

encrassicolua ponticua on a mis en evidence une intense activite pro
teolytique de pH 8 1 0, a savoir 18 804 nmoles t;yrosine/mg proteine/mi

nute, 37°C, comparable a celle signalee chez Actinia aeguina. 
Les recherches continuant en vue de 1' extraction et de la 

purification des enzymes proteolytiques des especes etudiees chez 
lesquelles on a decele une activite ma.ximale. 
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M-VI3 

Caracteristiques biochimiques et spectrales de !'Hyaluronidase 
extraite et purifiee de l'espece Engraulis encrassicolus ponticus du 

Littoral Roumain de Ia Mer Noire 

Natalia ROSOIU et Mircea CRASMARU 

lnsti1ut Roumain de Recherches ·Marines, Constanta {Roumanie} 

SUMMARY 
The hyaluronidase extracted and purified from the Engraulis Qg
crassicolus ponticus viscera and gonads is a homogenous enzyme 
preparation. Its degree of purity is similar to that of the 
Merck hyaluronidase. The spectral characteristics and the elec
trophoretic pattern in agarose gels,in veronal buffer pH 8.9, of 
the two enzymes are similar,suggesting that there is a ~uctural 
ressemblance between the fish and the bovine testis hyaluro
nidase. At a nearly neutral pH, that is identical to that of the 
body fluids, the purified fish hyaluronidase exhibits a high 
enzyme activity "in vitro" of at least 50 USP/mg and at the same 
time a high specific activity "in vivo" for the depolymerization 
of the conjunctive tissue similar to the impor-ted injectable 
drug "Hyason". 

Dans nos travaux anterieurs nous avons presents des donnees 
concernant 1' extraction et la purification de 1' hyaluronidase des 
poissons Engraulis encrassicolus p(nSi§~•Odontogadus merlangus, euxi
.llia§ et Sprattus ~ ~ R S et al. ,1985 a) ,la cinetiqtte 
enzymatique en absence et en presence d'un activateur (ROSOIU et al., 
1985 b, 1986 a, b, 1987), ainsi que les caracteristiques physico-chi
miques de 1' hyaluronidase extraite et puri:fiee de 1' espece Engraulis 
encrassicolus ponticus (ROSOIU et al., 1986 c). 

Afin d 1 obtenir une enzyme a haute purete utilisable dans 
l'industrie pharmaceutique, nous avons continue les recherches sur 
1' hyaluronidase extraite et puri:fiee a partir de l' espece Engraulis 
encrassicolus ~,en initiant une etude biochimique et spectrale 
~ui sera comparee a 1 hyaluronidase obtenue des testicules de bovina 
'(.reactif Merck et medicament injectable d' importation "Hyason"). 

Lea valeurs d'absorption mesurees a 230-300 nm de guelques 
solutions aqueuses d1 hyaluronidase des testicules de bovina (.reactif 
Merck) et d1 hyaluronidase de poisson,de 300 UI/ml, sont tres proches, 
les variations s' inscrivant en b.E = 0,008.Les absorptions a 280 nm et a 260 nm, pour lea deux hyaluronidases, s'inscrivent dans les limites 
admises par la Pharmacopee Britannique. Les differences entre lea va
leurs d' absorption a 270 nm et a 290 nm sont tres proches, etant 
respectivement de 0,045 pour l'hyaluronidase testiculaire et de 0,040 
pour celle obtenue du poisson. 

De 1' examen des spectres en UV des deux hyaluronidasea, on 
observe que l'allure des courbea est presque identi~ue,presentant une 
bande d'absorption entre 260 nm et 290 nm, caracterist1que pour lea 
transitions du type n-T specifiques des liaisons heterogenes.A 278 nm 
on obtient les maximuma,d!absorption identiquea,ce qu; suppose l'exis-
;tence d'un compoaant heterocyclique dana les deux preparations. 

L'examen des spectres en IR prouve que lea bandes d'abaorp
tion des deux hyaluronidaaea ae trouvent dans des domaines voisins,et 
l'allure des courbea eat semblable; on remarque neanmoina certaines 
bandes avec des domaines differents d'absorption, a savoir: 1530-1610 
cm-1, 2900-3400 em-~ pour l'hyaluronidase des teaticules de bovina 
(reacti:f Merck) .et 1060-1110 cm-1 ,1310-1320 cm-1 pour 1' hyaluronidase 
extraite et purifiee des viacerea de poiaaon.En meme tempa,on observe 
certaines bandes <J.Ui apparaissent dans des domaines du meme ordre de 
grandeur, maia legerement dep1aceea, et l'absorption maximale a des 
longueurs d'onde voisines (1280-1340 cm-1 et l'absorption maximale a 
2200 cm-l pour 1'hlaluronidase animale,contre 1220-1300 cm-1 et l'ab
sorption maximale a 2300 cm-1 pour 1'enzyme extraite du poisson). 

Nous sommes d'avis que ces donnees, ainsi que !'allure des 
courbes 1 un peu differentes dans le domaine 1000-1160 em- , sont dues 
ala presence de certains ingredients de stabilisation dans l'enzyme 

· animale, qui manquent dans le cas de l'enzyme extraite du poisson. 
Lea electrophoregrammea obtenus par migration en gel 

d'agarose en tampon barbiture 1 a un pH de 8,9, mettent en evidence le 
meme nombre de fractions proteiques, une repartition similaire et d~ 
mobili~es identiques, les deux ~aluronidaaes etant des produita 
enzymatiques homogEmea. 

En conclusion, malgre lea differences spectrales signa1eea, 
en raison des caracteristiques de similitude nombreusea,nous estimons 
que lea deux hyaluronidases analysees presentent des similitudes 
structurales. En meme temps, la teneur relativement grande en calcium 
nous autorise a considerer l'~aluronidaae provenant d'anchois comma 
une Ca-enzyme, form~e de 16 acides aminea, parmi lesquels p~edominent. 
1a cystine 1 1a cysteine, la tyrosine, 1' asparagine et la methionine. 
La teneur elevee des groupements -SH et -s-s, donnee par lea acides 
amines soufrea, confere a l'~aluronidaae de poisson un haut degre de 
thermostabilite et une activite maximale a +4000 et +60°0 (ROSOIU et 
al., 1986 c, 1987). 

A un pH voisin de la neutralite, identique a celui des li
quides de l'organisme,l'hyaluronidase d'anchois manifeste une intense 
activite enzymatique "in vitro", d'au moins 50 USP/mg et 25 UI/mg 
respectivement, et,en meme temps, une intense activite specii'ique "in 
vivo", de depol~erisation du tissu interatitiel,semb1ab1e a celle de 
1' echantillon d importation: le medicament injectable "Hyason" (ROSOIU 
et al., 1989). 
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M-VIIl 

La biocalcification chez le Co rail rouge, Coralllum · rubrum. 
2. Approches Biochimique et Physlologlque 

Denis ALLEMAND et Marie-Christina GRILLO 

Centre Scientffique de Monaco, Laboratoire de Biologie Marine, Musee Oceanographique, MC 98000 (Monaco) 

Bien que le squelette du Corail rouge de M&literranee (Corallium rubrum ) represente sa valeur 
economique, il est surprenant de constater que son mode de formation n'ajamais ete etudie. Afin de tenter 
de combler cette lacune, Ie but de notre travail est, par une approche multidisciplinaire, de comprendre Ies 
mecanismes de biocalcification chez cette espece. 

Une etude morphologique des tissus a I'origine de la formation des structures calcifiees est 
presentee dans la commission zoobenthos. Le present rapport montre nos resultats preliminaires 
concernant Ia composition de !a matrice organique des structures squelettiques, ainsi qu'une approche 
physiologique grace a Ia mesure de Ia production d'acidite et de Ia cinetique d'absorption de calcium par Ia 
colonie. 

Plusieurs octocoralliaires ont deja servi de modele biologique pour etudier Ia biocalcification 
(Kingsley et Watabe, 1983, 1989; Goldberg, 1988). Parmi ceux-ci, le Corail rouge pn!sente I'originalite 
de poss&ler un axe central entierement calcifie, alors que celui-ci est en grande partie constitue, chez !a 
plupart des autres especes, par une matrice cornee de nature proteique faiblement calcifiee (Kingsley et 
Watabe, 1983). Cette difference fournit done matiere a une etude comparative qui pennettra de mieux 
comprendre les mecanismes cellulaires de la biocalcification et de son con tole. 

ANALYSE BIOCHIMJffiJE DES STRUCTURES CALCIFIEES. 
En collaboration avec P. Simon (Musee d'anthropologie prehistorique de Monaco), nous avons 

montre, par diffractometrie a rayons X, que Ia phase minerale des deux types de structures calcifiees 
(spicules et squelette axial) est constituee de carbonate de calcium (CaC03) cristallise sous !a forme de 
calcite fibreuse. On note aussi la presence d'une faible quantite de magnesium. 

Que! que soit le type de formation squelettique, ii apparait qu'elle possede toujours une phase 
organique (dite matrice organique) liee ala phase minerale, dont !a proportion est cependant tres variable 
(de 0,01 %a presque 20 %) (Weiner et al., 1983). Cette matrice organique joue un role important dans Ie 
contole de Ia biocalcification (Lowenstam et Weiner, 1989). nest cependant admis dans Ia litterature que Ie 
squelette du Corail rouge manque totalement de matrice organique (Bayer, 1964). 

Les fractions squelettiques (spicules et axe) sont obtenues apres savoir dissous les tissus (NaOH 
N); Elles sont ensuite decalcifiees (a l'acide acetique pH4 ou a l'EDTA 0,5M pHS). Ace stade, nous 
avons obtenu une fraction organique representant de 0,5 (squelette axial) a 0,9 % (spicules) du poids initial 
du squelette. Cette matrice organique se presente sous deux formes (separees par centrifugation 10 000 g): 

-l'une insoluble representant de 55% (axe) a 59% (spicules) de la fraction organique, 
• l'autre soluble. 
L'analyse de cette phase organique montre qu'elle est composee d'environ 70 % de carbohydrates, 

25 % de proteines et 5 % de lipides. 
Afin de detenniner le poids moleculaire des proteines des deux fractions, nous avons effectue une 

electrophorese sur gel de polyacrilamide en milieu SDS. n n'a pas ete possible de colorer ces proteines de 
fa~on classique (coomassie, argent). Cette difficulte, signalee par Venkatesan eta/. (1986) lors de 
!'isolation de la matrice organique des spicules d'Oursin (Strongylocentrotus purpuratus ), a ete 
contoumee en realisant une iodation des proteines. n semblerait qu'une proteine de 50 kD soit presente 
dans 1es deux phases. La phase insoluble possedent en outre une (des) proteine (s) de haut poids 
moleculaire (sup. a 300 kD). 

La proportion de matrice organique trouvee dans Ies structures squelettiques du Corail est 
cependant ties infer;ieure a celle d'autres Octocoralliaires pour Iesquels des valeurs de 4 a 6 % dans les 
spicules ont ete rapportees (Kingsley et Watabe, 1983; Goldberg, 1988). Les valeurs que nous avons 
trouvees se rapprochent beaucoup plus des coquilles de Mollusques (Cariolou et Morse, 1988) ou des 
pi«:es squelettiques d'Oursin (Weiner et al., 1983). 

CINETIQ{JE D'ABSORPJJON DE 45Ca PAR UNE COLONIE. 
Nous avons suivi !'incorporation de 45Ca dans les differents compartiments d'une colonie de 

Corail rouge (tissus, squelette axial, spicules) de 30 minutes a 24 heures. L'equilibre isotopique est atteint 
dans les tissus en 5 heures environ. A partir de ce moment, on peut estimer que les RAS se sont egalisees 
entre le calcium tissulaire et le calcium dans I'eau de mer. Le depot de calcium dans Ies structures 
squelettiques peut alors etre calcule (les valeurs de flux de 45Ca sont calculees par rapport a Ia quantite de 
proteines tissulaires de la colonie ou du morceau de colonie etudie): 

tissus: 4,96 +/- 0,69 nmol Ca (soit 198 ng Ca)/24h. mg proteine. 
squelette: 6,20 +1- 1,45 nmol Ca (soit 248 ng Ca)/24h. mg proteine. 
Spicules: 17 ,10+/- 3,90 nmolCa(soit 684 ng Ca)/24h. mg proteine. 

Ces resu1tats montrent que les spicules sont le siege d'une intense activite de calcification. Afin de 
detenniner si l'activite de calcification etait homogene dans I' ensemble de Ia colonie, nous avons mesure Ia 
repartition du 45Ca dans les differents compartiments de l'apex a la base de Ia colonie. Nos resultats ne 
montrent que de faibles differences (non significatives) en ce qui conceme le calcium absorbe parIes tissus 
ou deposes sur Ie squelette axial. Par centre, les spicules presents dans les zones apicales et basales 
presentent une activite de calcification variant d'un facteur 2 par rapport ala wne m&liane de Ia colonie. La 
quantite de spicules par rapport a Ia quantite de proteines reste cependant con stante dans toute Ia colonie. 
Cette repartition suggere que les zones basales et apicales de Ia colonie sont le siege d'une spiculogenese 
intense. Par contre, Ia formation de l'axe central est constante de la base a !'apex de Ia colonie. Kingsley et 
Watabe (1989) ont montre, chez Leptogorgia virgulata, une repartition similaire de !'absorption de 45Ca 
au niveau des spicules et des tissus. 

Nous avons d'autre part etudie Ies mecanismes de transport de calcium. Celui-ci est saturable, et 
possede une affinite pour le calcium (Km) de l'ordre de 6 mM. 

EYOI l WON DE I 'EXCRETION D'H+ PAR UNE COl QNIE. 
Aim de mesurer l'activite metabolique generale d'une colonie de Corail, nous avons mesure son 

excretion globale d'acide sur des periodes de temps variables. Nos resultats montrent que !a production de 
H+ n'est pas constante dans le temps. Elle evolue auteur d'une valeur moyenne de 0,15jlequiv. H+J30 
min. pour une colonie d'environ 50 polypes, mais peut etre totalement nulle sur des periodes de temps 
variable de quelques minutes a plus d'une heure. Cette production de H+ est fonction du nombre de 
polypes ouverts. Ces resultats suggerent que l'activite metabolique du Corail est variable dans Ie temps, 
sans que l'on puisse cependant en degager un cycle net. II faut done s'attendre a ce que la calcification 
presente aussi de telles variations. 

Les resultats preliminaires presentes ici permettent d'esquisser un premier modele de Ia 
biocalcification chez le Corail rouge (Corallium rubrum ). 
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Pseudomonas aeruginosa expose au stress osmotique et au jefule en milieu 
marin est profondement modifie. n donne, a cote des formes bacillaires, des 
formes ovoides dont la taille est inferieure a 0,45 Jlm. Son unique flagelle 
disparait. Diverses sortes de colonies sont alors obtenues selon la duree 
d'incubation en eau de mer et le milieu de recuperation : 

- des colonies muqueuses : obtenues apres un a cinq jours d'incubation en 
eau de mer sur des geloses nutritives additionnees de 15, 20 ou 25g de 
NaCl/litre,elles presentent les memes caracteres biochimiques sur Api 20 NE 
et Api Zym que la souche parentale. 

- des colonies rugueuses : obtenues sur la gelose nutritive normale (GN), 
sur la gelose nutritive additionnee de 23g de NaCl (GN NaCl) et sur la gelose 
nutritive preparee a l'eau de mer (GN EM). Elles presentent de Iegeres 
modifications phenotypiques par rapport a la souche initiale. Celles qui sont 
obtenues apres des periodes d'incubation depassant cinq mois sont plu8 
profondement modifiees, elles elaborent un pigment jaune localise au niveau 
des colonies, done non diffusible dans la gelose. Son intensite depend de la duree 
de vieillissement et de la lumiere. Ces colonies ont un % GC de 59,8, ce qui 
confirme qu'il s'agit de colonies de P. aeruginosa. 

Les caracteres de ces colonies varient selon la nature des milieux de 
recuperation. 

Au cours de son incubation en eau de mer, P. aeruginosa devient plus actif 
sur les galeries Api Zym : il y a apparition d'une .6-galactosidase, d'une a et 
d'une £-glucosidase et d'une valine arylamidase. 

Apres de longues periodes d'incubation dans l'eau de mer (depassant 8 
mois), il ne disparait pas mais donne des colonies jaune a rouge, a culture tres 
lente necessitant plus de deux semaines d'incubation a une temperature de 
24°C et de tres petite taille (1 mm de diametre). Ces colonies sont inactives sur 
A pi 20 NE. A pres culture en eau de mer additionee de bouillon nutritif a 5 %, 
elles donnent des colonies typiques de P. aeruginosa avec production 
caracteristique de pyocyanine et de pyoverdine. 

Ces modifications .Peuvent avoir une influence sur la specificite des 
methodes utilisees pour le denombrement de la bacterie dans les echantillons 
marins. 
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Many species of algae are capable of obtaining phosphorus from esters in order to 
sustain growth in the absence of orthophosphate. Two enzymes, acid and alkaline 
phosphatases have been found in some species of marine microalgae. The cells 
contain two pools of phosphatases: 1) adaptative membrane enzymes responsible for 
phosphorus assimilation from the environment and 2) constitutive enzymes 
indispensable for intracellular formation of phosphomonoesters (Kiuenzer & Perras, 

1965; Lien & Knutsen, 1973). However, the phosphohydrolases of algae have been 

rarely characterized biochemically. In this paper, the influence of pH, temperature, 

substrate and Pi concentration on phosphatase activity of crude cell-free extracts and 

whole cell of Tetraselmis suecica (Prasinophyceae) were analyzed. 

The algae were grown in culture medium f/2 and collected at the postexponential 

growth phase. 

Two extraction procedures for preparing crude cell-free extracts were carried out. In 

the first, the algae were filtered through a glass fiber filter (Whatmann GF/C), the filter 
was ground with glass powder in presence of buffer 100 mM Tris-HCI, pH 7.0. In the 

seco11d extraction procedure, the culture was centrifuged (3.000 r.p.m for 15 minutes), 
the supernatant discharged and the pellet washed twice with 0.6 M NaCI. Finally 3 ml 

100 mM Tris-HCI were added and sonicated for 20 minutes in two steps. The resulting 

extract was employed for the determination of phosphatase activities. The reaction 

mixture contained 1.0 ml buffer, 0.1 ml of substrate and 0.1 ml extract. When the 

influence of Pi was analyzed 0.1 ml of P0/"(0-100JLM} was added to the reaction 

mixture. The assays temperature was 40°C and the incubation time ranged from 30 to 

60 minutes. The substrate concentration employed for Km and Vmax analysis ranged 

from 0 to 50 mM 

For the whole cell phosphatase activity three series of tubes were prepared with a 

reaction mixture containing : a) 0.5 ml buffer + 25 JLI substrate; b) 0.5 ml buffer + 0.5 

ml filtrate culture + 25 JLI substrate and c) 0.5 ml buffer + 0.5 ml microalgae culture 

diluted 1:5. The reaction mixture was incubated for 120 minutes at 20°C. Five ml of 

NaOH 0.1 M were added after completion of the incubation. In the case of a} 0.5 ml 

filtrate culture were added before the measurement. The substrate concentr~tion for 

calculation of Km and Vmax ranged between 0 and 16 mM. 

Results were expressed as !Lmol p-nitrophenol.culture r'.min·' for crude cell-free 

extracts and whole cell phosphatase activities. 

In the assays carried out with crude cell-free extracts, the extraction procedure 

(grinding with powder glass or sonication} was very important in the preferential 

solubilization of enzymes. In both cases,the enzyme activity had two peaks at pH 5.5 
and 8.5, but the ratio of them (pH 5.5/pH 8.5) for enzyme activity for grinding and 

sonication was 16.0 and 0.46 respectively. 

Microscopical observations of residual pellets after two extraction procedures showed 
a great proportion of entire cells in the first case whereas total cell disintegration 

ocurred in the second one. Therefore, it should be considered that sonication results 

in a total cell disintegration with solubilizing of the membrane-bound enzyme, but when 

grindind with powder glass is employed, only a partial solubilitazion is observed. 

The optimal temperature for phosphatases activities at pH 5.5 and 8.5 was found to 
lie within the range 40-45°C. The activation energy(Kcal.mor'} was 9.56 and 7.90 for 

pH 5.5 and 8.5 respectively, whereas the corresponding Km and Vmax values at pH 

8.5 were 1.64 mM and 10.735 !LmoiJ1.min·'. The PO/ 100 JLM inhibited competitively 

phosphatase activity at pH 8.5 {Ki = 2.14 mM). In the range 1-10 JLM inhibition was not 

observed for this phosphatase activity. 

An exocellular phosphatase activity (pH 8.5) in incubation mixture was observed for 

this marine microalga, but within the range 0-100 JLM P043- the inhibition was not 

clearly noticed. 

The whole cell phosphatase activity showed an optimal pH 8.5, which corresponds 

to an alkaline phosphatase. The Km and Vmax values were 0.58 mM and 16.750 
JLmol. r' · min·'·As in the case of the exocellular activity in the range 0-100 JLM P04 

3
- an 

inhibition was not clearly observed. 
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La survie des bacteries pathog€mes dans les milieux marins ou dans les estuaires a 
ete !'objet de nombreuses etudes depuis plus d'un siecle (revue dans GAUTHIER et 
PIETRI, 1989). Cette surv:\e depend de nombreux facteurs physiques, chimiques et 
biologiques plus ou mains specifiques de l'environnement marin. Si l'on excepte la 
lumiere, dont l'effet bactericide a ete demontre, il semble que le maintien des bacteries 
enteriques dans ces conditions depend surtout de la presence de matieres nutritives 
organiques ou minerales, qui peuvent eviter a ces germes organophiles un jeune trop 
severe. Cette carence nutritionnelle a ete consideree comme le facteur majeur 
d'evolution vers la dormance, ou passage a l'etat viable mais non cultivable (GRIMES 
and COLWELL, 1986). 

Au cours des deux dernieres annees, nous avons apporte diverses donnees 
experimentales montrant que les bacteries enteriques sont capables de resister a 
l'activite antagoniste de l'eau de mer, voire meme de s'adapter au milieu marin, 
lorsqu'elles peuvent reguler leur pression de turgescence et restaurer leur equilibre 
osmotique au moment de leur arrivee en mer (MUNRO et al., 1987, 1989). 

L'influence des mecanismes d'osmoregulation sur la survie d'Escherichia coli 
(espece consideree comme modele) dans l'eau et les sediments marins, a ete analysee 
grace a !'utilisation de nombreuses souches mutantes deficientes en chacun des 
systemes de controle osmotique connus : accumulation d'ions potassium, accumulation 
ou synthese (a partir de precurseurs intracellulaires comme la choline) de proline ou de 
betai:ne's (essentiellement glycine betaine, GB), synthese intracellulaire de divers 
osmolytes compatibles avec le metabolisme comme le glutamate ou le trehalose (revue 
dans CZONKA, 1989). ll a ete conclude cette etude preliminaire que tousles processus 
qui permettent aux cellules d'equilibrer leur pression osmotique avant leur contact avec 
l'eau de mer aident a l'etablissement d'un etat de protection tres efficace, sous lequel 
elles persistent dans un etat viable, cultivable et potentiellement virulent pendant de 
longues periodes (T90 a l'etat normal, 2 a 3 jours, a l'etat protege : 2 a 4 mois). Sous cet 
etat, les bacteries enteriques conservent leur structure normale et maintiennent un 
certain nombre de proprietes qui disparaissent rapidement dans les cellules non 
protegees (MUNRO et al., 1987) .. 

Deux des processus impliques dans !'osmoregulation pourraient avoir une plus 
grande importance du point de vue ecologique : Ia synthese intracellulaire d'osmolytes 
compatibles, et le transport de ootai'nes a partir du milieu. Ce sont en effet deux voies par 
lesquelles les bacteries enteriques transportees par les eaux usees pourraient restaurer 
leur equilibre osmotique dans les divers compartiments du milieu marin : eau, 
sediments, surfaces d'algues, ou tractus digestif d'animaux. Tous deux necessitent 
theoriquement la croissance, meme tres restreinte, des cellules leur assurant le 
maintien d'un niveau metabolique relativement important. 

La protection conferee par !'accumulation de betai:nes (qu'elles soient d'origine exo 
ou endogene) a fait !'objet de tests plus approfondis, visant a definir dans quelle mesure 
elle peut se developper dans les conditions marines, soit dans les eaux oligotrophes, soit 
dans les sediments contenant des quantites variables de matieres organiques. On sait 
en effet que ces amines quaternaires (I) sont presentes dans les sediments marins et sont 
produites par de nombreux micro-organismes, vegetaux et animaux pour leur 
adaptation aux milieux sales (KING, 1988), (II) agissent comme osmoprotecteurs pour 
une grande variete de micro-organismes, (Ill) sont accumulees par les bacteries 
enteriques meme lorsqu'elles sont presentes a l'etat de traces (IJ.g/kg) et (IV) restaurent 
immediatement le metabolisnie des cellules en etat de choc osmotique. 

Dans les eaux marines oligotrophes, nous avons montre que ni !'expression de genes 
codant pour les systemes de transport de la GB (proU, proP), ni le fonctionnement de ces 
systemes ne permettent le transport et !'accumulation de cet osmolyte. Par contre, dans 
certains sediments marins a haute concentration en carbone organique (C.O.T.) et en 
ions phosphates, ces genes sont exprimes et les deux systemes ProP et ProU 
fonctionnent, conferant aux cellules l'etat de protection mis en evidence auparavant. 
Nous avons en outre montre qu'en presence de GB, les cellules d'E. coli peuvent 
echanger plus facilement entre elles certains plasmides de resistance aux antibiotiques 
(plasmide RP4, resistance a kanamycine, ampicilline, tetracycline). 

En consequence, il semble que certaines eaux eutrophisees et surtout certains 
sediments marins puissent etre consideres comme des zones "a risque", car ils 
pourraient jouer le role de reservoirs pour les bacteries enteriques (indicateurs et 
pathogenes) et conferer a ces germes une resistance accrue au milieu marin. Ces formes 
resistantes, relativement adaptees aux conditions marines, seraient en particulier 
beaucoup plus aptes a survivre dans Ia colonne d'eau, apres leur remise en suspension 
par les courants, les vagues ou les marees. En outre, ces zones seraient beaucoup plus 
favorables a Ia dissemination "in situ" des genes plasmidiques heberges par les bacteries 
d'origine intestinale (humaine ou animale). 
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L'industrialisation genere une augmentation de la concentration des 
metaux lourds dans l'environnement, et parmi ceux-ci, le cadmium, element 
sans fonction biologique connue. Dans le milieu marin, la fixation de ce metal 
par les bacteries depend entre autres, de facteurs physico-chimiques tels que le 
pH, la salinite, la temperature, le potentiel d'oxydoreduction. La plupart des 
auteurs ne prennent en compte que la variation d'un parametre, bien que la 
teneur en oxygene dissous decroit considerablement dans la colonne d'eau 
(Khalid, 1980). 

Le but de cette etude etait done de comparer !'influence de ces facteurs 
environnementaux dans un milieu non nutritif simulant l'eau de mer, en 
aerobiose ou 'en anaerobiose, par Vibrio parahaemolyticus, bacterie aerobie 
facultative, ubiquiste des milieux estuariens et cotiers marins. 

Quel qu'ait ete le facteur considere, la fixation du metal etait une fonction 
monotone croissante du temps. Elle dependait du pH, de la teneur en NaCl, de 
la temperature, et dans certains cas, de l'oxygenation du milieu. 

A pH 8,5, les cellules de Vibrio parahaemolyticus immobilisaient une quantite 
appreciable de metal pendant les 2 premieres heures de contact. Excepte ce pH 
alcalin, l'acidiflcation du milieu a significativement favorise la fixation du 
metal en 4 heures aussi bien en aerobiose qu'en anaerobiose. Le pH jouerait 
done un rOle important lors de la fixation du metal sur ou dans les celluies 
bacteriennes, en modiflant l'etat ionique du metal, et/ou en changeant la 
reponse biologique au niveau cellulaire, par perturbation structurale ou 
fonctionnelle des enveloppes (Gauthier et Flat&u, 1980 ; Campbell et Stokes, 
1985). 

L'influence de la concentration en NaCI sur la fixation du cadmium par la 
souche test pourrait provenir des variations subsequentes de la teneur en 
chlorures du milieu, done des formes chlorees du metal (Gauthier et Flatau, 
1980; Flatau et coli., 1986). La fixation du metal en aerobiose et en anaerobiose 
etait une fonction decroissante de la teneur en NaCl. La cinetique de fixation 
etait beaucoup plus rapide en milieu a faible salinite (5g NaCl/1) dans les 2 
conditions d'oxygenation, ce qui, outre la modification de la forme du metal 
pouvait, etre la consequence, (i) d'une augmentation de la permeabilite 
cellulaire (Bertrand et Larsen, 1988), (ii) d'une acceleration de la fixation du 
metal consecutive a une activation du metabolisme et en particulier de 
l'activite respiratoire (Clement, 1985 ; Gauthier et coli., 1986), (iii) d'une 
augmentation du nombre de sites de fixation du metal sur les enveloppes. 

La quantite de cadmium fixe par cette bacterie mesophile etait par ailleurs 
une fonction croissante de la temperature dans les deux conditions 
d'oxygenation. Cette augmentation pouvait done etre liee au metabolisme 
energetique (aucune croissance a 4°C) 
Les variations physico-chimiques du milieu revetent, done a l'evidence, une 
grande importance sur un plan ecotoxicologique, car elles modifient tres 
largement la forme ionique des metaux et influencent directement l'etat 
structural et fonctionnel des cellules bacteriennes receptrices. C'est 
particulierement le cas pour le milieu marin, ou la concentration saline influe 
d'une maniere determinante sur la speciation du metal et le metabolisme des 
micro-organismes. 
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INTRODUCTION 

It has been shown for a long time, that microorganisms are able to take up 
metals and particularly cadmium from their medium (Tornabene and Edwards, 
1972; Gauthier and Flatau, 1980). The amount of cadmium absorbed seems to be 
an intrinsic characteristic of the strain rather than that of the species (Tynecka 

et al., 1981 a, b) and cadmium sensitive strains generally take up more cadmium 

than re~istant ones (Gauthier et al., 1986). For a given strain however, the 
cellular content of cadmium also depends on extrinsic physicochemical 

parameters like temperature, pH (Titus and Pfister, 1982), salinity or the 
presence of organic matter (Flatau et al., 1986). 

Saccharose (SAC), glucose (GLU), sodium succinate (SUC), gluconate (GLC), 
acetate (ACE), glycerophosphate (GL Y), pyruvate (PYA), organic substrates 
eventually used as carbon sources or involved in the tricarboxylic cycle were 
therefore · investigated to determine their possible role in the fixation of 

cadmium by a marine pseudomonad. As sensitivity to metals of microorganisms 
greatly depends oii · their nutritional state (Brynhildsen et al., 1988), this study 
was carried out on freshly harvested cells (fresh cells) and starved cells. 

RESULTS AND DISCUSSION 

Although the presence of glucose stimulated respiratory activity in fresh 
cells, it induced a decrease of 27 % in the cellular amount of cadmium. In 

starved cells however, glucose stimulated respiratory activity and induced an 

increase of 27 % in the· cellular amount of cadmium. This could suggest the 

presence of an efflux mechanism which would be activated in non limited cells 
only, as supposed by Brynhildsen et al., (1988). On the other hand, the addition of 
energy and carbon (as glucose) may have energiZted the transport of cadmium in 

starved cells as it was supposed for the transport of zinc in Escherichia coli 
(Bucheder and Broda, 1974). 

The other substrates had a more attenuated effect on Cd uptake by fresh 
cells. A trend in the inhibition of Cd uptake was supposed but could not be 

confirmed because of the too slight variations of the results relative to their 
variance. 

On the other hand, a significative stimulation of Cd uptake in starved cells 
by the tested substrates was observed (Fig. 1), which was not correlated to the 
stimulation of respiratory activity. 
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Fig. 1 •: Stimulation of cadmium uptake by starved cells in the presence of gluconate (GLC), 

acetate (ACE}, succinate (SUC), pyruvate (PYR), glucose (GLU), saccharose (SAC) and 
glycerophosphate (GL Y), (final concentration, 2gll). 

In conclusion, the uptake of cadmium greatly depends on the nutritional 
state of cells at least for the tested strain. In starved cells, the supply of 
energy and carbon stimulated Cd uptake, probably because this latter was 

probably an energy-dependend mechanism (Flatau et al., 1989). On the other hand 
the absorption of cadmium could be limited by efflux mechanisms activated in 

non limited organisms. 
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Partial characterization of Glutamic Oxaloacetic Transaminase from 

the Clam Ruditapes philippinarum (Mollusca, Bivalvia) 

J. PUPPO and J. BLASCO 

Institute de Ciencias Marinas de Andalucia {C.S.I.C.) 11510 Puerto Real {Spain) 

Molluscs are the principal subjects of marine pollution biomonitoring because of their 
widespread occurrence in coastal areas, their ability to accumulate various pollutants, 
and their tolerance to pollution. Biochemical indices of metabolism are subtle indicators 
of the physiological state of the organism. An important indice of the metaboli;;;m of 
molluscs under altered environmental conditions may be the activity levels of enzymes 
involved in adaptative readjustments (Goromosova & Tamozhnyaya, 1979). One of 
these enzymes could be the transaminase GOT (glutamic oxaloacetic transaminase, 
E.C.2.6.1.1), catalyzing the interconvertion of aspartate into 2-oxoglutarate, an 
intermediate of Krebs cycle. This enzyme, as well as the transaminase GPT (glutamic 
pyruvic transaminase, E.C.2.6.1.2), has been found in all the body tissues from all the 
molluscan species investigated (Bishop et aL, 1983). Studies on kinetic characterization 
of the aminotransferase GOT showed a wide variability in the kinetic properties 
according to the species. This paper presents results of the kinetic characterization of 
GOT from R. philippinarum, as a first step of a further toxicological study in which this 
enzyme activity will be evaluated as a biochemical indicator of physiological stress 
induced by heavy metal exposure. 

Material and methods. 
Samples of R. philippinarum were obtained from a clam farm (Bay of Cadiz, Spain) in 
January and February 1990. Clams were depurated 24 hours in filtered sea water. Gills 
and digestive gland extracts were made by homogeneization in a mortar with glass 
powder in an adequate volume of the extraction buffer (80 mM Tris/HCI, pH= 7.5, 0.25 
M sucrose, 5 mM EDTA, 2 mM DTT and 1mM PMSF). The homogenate was filtered 
through a gauze, sonicated and centrifugated at 27000 g for 15 minutes. Then, the 
supernatant was filtered through a Sephadex G-25 column to remove endogenous 
salts, as well as some metabolites, and was used as the enzyme source for kinetic 
characterization assays. GOT activity was spectrophotometrically measured in the 
direction of oxaloacetate formation, following NADH oxidation at 340 nm in a coupled 
malate dehydrogenase reaction. The reaction mixture in a final volume of 2.5 ml 
contained 0.4 ml enzyme extract in adequate dilution, 0.6 Ujml de malate 
dehydrogenase, 1.2 Ujml de lactate dehydrogenase, 0.1.8 mM NADH, BO mM 
phosphate buffer (pH=5.0-8.0) or 80 mM TrisfHCI buffer (pH =7.5-10), aspartate (0.1-
100 mM) and 2-oxoglutarate 0.01-6 mM). 

Results and discussion. 
Figure 1 shows the effect of pH on GOT activity. GOT activity in Tris/HCI buffer is 
greater than in phosphate buffer, indicating a possible inhibitory effect of ion 
phosphate. The optimal pH for the glutamate oxaloacetate transaminase seemed to 
be at pH 8.0. This pH value is in agreement with those reported in other species of 
bivalves (7.7-8.5) by Bishop et aL (1983). 
The apparent Km values for aspartate and 2-oxoglutarate at pH 8.0 in gills and 
digestive gland enzymes are listed in the following Table: 
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Gills 0.73 mM 0.065 mM 
Digestive gland 0.69 mM 0.076 mM 
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Fig.1. Effect of pH on GOT activity from gills and digestive gland. 

These Km values are similar to those reported for the GOT from mussel gills (Paynter 
et at., 1984) and from squid axoplasm (Bishop et at., 1983). The double reciprocal 
plots of initial velocity versus substrate concentrations were clearly linear showing no 
co-operative effects in the enzyme (the Hill coefficient was aproximately equal to 1 in 
all the cases). The pH effect on the Km for aspartate and 2-oxoglutarate was also 
studied. No appreciable variation in the value of Km for 2-oxoglutarate was found, 
whereas a considerable increase of Km for aspartate was detected at pH 6 (Km = 1.36 
mM). This strong reduction of the enzyme affinity to aspartate with a decreasing pH 
was also found in GOT mussel gills by Paynter et al. (1984}. F1gure 2 shows the effect 
of incubation temperature on GOT activity from gills and digestive gland. After a 5 
minutes preincubation period, reaction was initiated with addition of 2-oxoglutarate, and 
NADH oxidation was measured for 2.5 minutes. Thermic denaturation of the enzyme 
occurs above 50°C. The activation energy, calculated from Arrhenius plot, was the 
same in gills and digestive gland (11.597 Kcaljmol). 

30 .'o 
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Fig.2. Effect of incubation temperature on GOT activity. 
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Progress in the Understanding of the Eastern Mediterranean Sea 

Allan R. ROBINSON 

Harvard University, DAS, Cambridge, MA (U.S.A.) 

The basin scaie general circulation of the Eastern Mediterranean is now known to 
consist of a number of sub-basin scale cyclonic and anticyclonic gyres linked by jets and 
currents. Variabilities include changes in shape, location and strength of the gyres and 
gyre oscillations, and meander and bifurcations of the currents and jets. Other sub-basin 
scale vortices and currents are recurrent or transient and jet segments and filaments in
terleave and interconnect the field of sub-basin scale eddies and gyres. A smaller but 
energetic synoptic or mesoscale exists, consistent with an internal Rossby radius of ~ 10 
km, which interacts with the sub-basin scale features. This new picture has emerged from 
the coordinated and pooled field data (1985-1987) from the first phase of the POEM pro
gram, based on objective analysis of this data set. A systematic taxonomy is presented. 
Dynamical issues concern the local dynamics of the sub-basin scale feautres, their linked 
interactions which constitute the dynamics of the general circulation and the physics of 
the sub-basin/mesoscale processes. The Harvard dynamical models are initialized with the 
analyzed fields. The dynamically adjusted and interpolated data provides the best pos
sible three- and four-dimensional fields based on the observations, which are suitable for 
research requiring detailed transport and dispersion, e.g. biological and chemical studies. 
Detailed energy and vorticity studies of the physical fields reveal process. The complexity 
of the system is addressed by initialization and studies of sub-basin scale features and 
subregions as well as the entire Eastern Mediterranean basin. 
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The General Circulation of the Eastern Mediterranean 

Paola MALANOTIE RIUOLI 

Massachusetts Institute of Technology, Cambridge, MA (U.S.A.) 

A review is first given of the past phenomenological beliefs 

and the related structure of the general circulation. Major 

water mass formation processes are identified and the water 

masses pathways are discussed. This historical picture is 

then reanalyzed in view of the most recent observational 

evidence provided by the general surveys of the POEM program. 

This new picture of the general circulation reveals sub-basin 

scale gyres to be the building blocks of the circulation, 

interconnected by jets and coastal currents that transport 

and mix the surface and intermediate water masses. The deep 

circulation is comprised of a single thermohaline cell that 

originates in the southern Adriatic - northern Ionian sea 

with the deep water spreading towards the eastern Levanline 

Basin. Numerical modelling simulations are finally reviewed 

and discussed with relationship to the above new 

phenomenal ogy. 
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Status of and the potential for the understanding of the western 
Mediterranean Sea 

Claude MILLOT 

Antenna COM, B.P. 330, 83507 La Seyne-sur-Mer (France) 

This paper focuses on the circulation of the water masses be

cause we now have relatively good data sets and seemingly ef-fi

cient theoretical models, which allows us to expect a correct un

derstanding of this basic phenomenon in the very near future. 

The gross features of the circulation, at least in regions 

where it is relatively stable, and mainly for what concerns the 

surface layer of Modified Atlantic Water (MAW), have been establis

hed several decades ago from a quite-surprisingly very reduced num

ber of hydrological casts. But, it is only since a few years that 

satellite data and long current time series have provided us with 

a significantly improved description of the mesoscale variability 

of the circulation and, to a lesser extent, of its seasonal varia

bility. 

We first review the most important results concerning the me

soscale variability, recently obtained in the Alboran Sea and in 

the Algerian and northern basins mainly. This variability mani

fests itself either as fluctuations of the major coastal currents, 

such as meanders, or as coherent structures resulting from instabi

lity processes affecting these currents, such as eddies. The spa

ce (some tens to a few hundreds of km) and time (a few weeks to se

veral months) scales of these mesoscale phenomena, as well as 

their relatively intense signature in remotely-sensed arid in situ 

measurements, allow an efficient description of their characteris

tics: it is obvious that the importance of these phenomena has 

been greatly underestimated for a long time. Now, even if they are 

easily measured and relatively well described, the understanding 

and modelling of the mesoscale phenomena are generally far from 

being satisfactory. 

Interesting results have also been obtained concerning the 

seasonal variability, in the Straits of Gibraltar and Sicily and 

in the Corsican Channel as well. As the actuai working of the who

le sea -which basically transforms surface waters into deeper ones 

during the winter- is seasonal, one could expect a clear correspon

ding variability of the circulation. But this takes no account i) 

of the characteristics of the Strait of Gibraltar which cons

trains the exchanges with the ocean to be more or less maximal, 

ii) of the relatively large intensity of mesoscale phenomena and 

other subinertial variations of the flows and iii) of the fact 

that direct current measurements are neither numerous nor long 

enough to give an accurate estimation of the transports. Now, even 

if not easily estimated, the seasonal variability may be expected 

to be quite well understood with numerical models. 

A better understanding of this seasonal variability is the 

primary objective of PRIMO, a several-year "International Re

search Programme in the Western Mediterranean" supported by IOC 

and ICSEM, in which most of the physical oceanographers interes

ted in the western Mediterranean Sea are involved. Our strategy is 

to conceive an experiment aimed i) to specify more accurately the 

major characteristics of the seasonal variability of the circula

tion and ii) to check for all the mechanisms expected to be respon

sible for such a variability. 

Another point to which it would certainly be fruitful to pay 

more attention concerns the mean paths described by the Levantine 

Intermediate Water (LIW) and by the western Mediterranean Deep Wa

ter (MDW). In fact, on the basis of hydrological and direct cur

rent measurements, it seems obvious that both water masses basical

ly flow cyclonically along the continental slope in the whole sea. 

This is of primary importance, bec'ause such paths offer simple con

ditions to check for the validity of numerical models (for LIW) or 

because the forcing mechanisms are far from being obvious (for 

MDW); moreover, we suspect the circulation at depth to significan

tly influence, at least in some regions, the circulation of the 

surface layer. 

Finally, we emphasize the relatively close similarities which 

exist with other semi-enclosed seas such as the eastern Mediterra

nean Sea and the Japan Sea, and we underline the various inte

rests of companion studies_ 
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Some recent aspects of the modelling of the Circulation of the 

Mediterranean Sea 

M. CREPOW, G. MADEC', L MORTIER", M. CHARTIER ... C. HERBAUT" and S. SPEICH" 

'LODYC, University of Paris 6, Paris (France) 
.. CEA, Paris (France) 

In this work, we present several process studies 

which have been obtai ned wi t.h the 3D pr i mi t.i ve equation 

numerical model of LODYC prior to make a realistic model of 

the circulation of the Western Medi t.erra:nean Sea. 

First, deep water formation is investigated with a high 

resolution three dimensional model. A rectangular basin is 

forced by various sea surface heat and salt fluxes. A 1,000 

thick patch of dense water is formed within the forcing area, 

which is surrounded by a cyclonic vortex. Meanders develop at 

the periphery of the patch and then tend to occupy the whole 

patch area. Energy studies show that. the meanders are 

generated through a baroclinic inst.abili t.y process. These 

features agree wi t.h observations.. Sensi vi t.y studies of the 

space and time variability of the forcing are presented. It. 

is found that these variabilities greatly affect deep water 

formation. Deep water formation appears to depend on a 

convective process parameterized by a simple non-penetrative 

convective adjustment and on the vertical motion induced by 

baroclonic inst.abili t.y. The two processes are strongly 

linked. Furthermore, deep convection induced by the 

thermohaline forcing drives an hor i zont.al cyclonic 

circulation of the same order of magnitude as that. estimated 

from observations. Hence it is found that thermohaline 

forcing is important in driving the Mediterranean circulation 

andthat. it must. be included in any numerical model of t.hi s 

area. 

Second, the behavior of t.he·Algerian current is 

investigated. The current is forced by an initial field of 

density in a periodic rectangular channel. After a long time 

which is of the same order as that. observed on the physical 

simulations made on the large rotating table of Grenoble, 

meanders develop. Their wavelength is of the same order as 

those observed in nature and in the physical simulation. 

These meanders are due to baroclinic instability and their 

characteristics fit. an analytical theory which has been 

developed. 

Third, the generation of the flux through the strait. 

of Gibraltar and the formation of the Almeria-Oran front is 

investigated. A fixed density gradient is imposed between the 

Mediterranean Sea and the Atlantic Ocean. It. is maintained 

constant. by a newtonian restoring on climatological values. 

This procedure generates a realistic flux through the st.rai t. 

which has some degrees of freeedom and allows variability 

linked to variations in the density gradient. Furthermore, 

the gyres of the Alboran Sea are generated and their behavior 

is discussed. 
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Objective analysis of biological data from P.O.E.M. Cruises 

A. BERGAMASCO" , S. RABITTI"" and E. PIERAZZO" 

"lstituto Studio Dinamica Grandi Masse-CNR, San Polo 1364, 30125 Venezia (ltalia) 
••lstituto di Biologia del Mar-CNR, Riva dei sette Martiri 1364/A, 30122 Venezia (ltalia) 

Objective analysis is essentially an interpolation technique 
used to estimate a given physical quantity at points where there 
are no measurements, fran data available at different locations. 
This technique is based on the Gauss Markov theorem which gives 
an expression for the least square error linear estimate of 
variables, given the measurements at a limited number of data 
points. In order to have a better correlation function the 
statistical Baysean theory could be applied to experimental data. 

The application of these techniques are shown in processing 
the P.O.E.M. cruises data (POEM01 10/21-11/8 85, POEM03 11/1-
11/14 86, POEM05 8/31-9/14 87) to produce maps of the Ionian 
distribution of o2 , N-N01' N-002 , N-NH

3 
, P-P0

4 
, Si-Si0

4 
, 

chlorophyll and total suspenaed matfer. 
The typical objective analysis maps will be compared with 

the dynamic fields obtained fran the oceanographic data of the 
same campaigns. 
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The upper layer circulation in the Sea of Marmara as inferred from 
the hydrographic data 

S. BESIKTEPE, T. OGUZ and H.-I. SUR 

Middle East Technical University, Institute of Marina Sciences, P.O. Box 28, Erdamli, 33731, leal (Turkey) 

The Sea of Marmara, together with the Bosphorus and 
Dardanelles Straits, forms the Turkish Straits (TS) which 
constitutes an oceanic system joining two of the world's largest 
isolated seas with extremely different water mass properties. The 
low salinity waters of the Black Sea, formed as a result of excess 
of prec1pl tat ion and run-off over evaporation, are transported to 
the Mediterranean through the TS as a surface flow. In return, 
the saltier and heavier waters of the Mediterranean Sea, generated 
by the excess of evaporation over fresh water input~ flow as an 
undercurrent to the Black Sea. In evolution through TS, they 
generate a transitory state between the two extremes found in the 
adjoining seas, with constraints imposed by the hydrodynamical 
controls of the two straits as well as the interactions of the 
straits with the Sea of Marmara and the interactions of the entire 
system with the atmosphere. 

The Bosphorus upper layer flow enters the Bosphorus-Sea of 
Marmara junction region in the form of a shallow and narrow 
turbulent buoyant jet with currents in excess of 2 m/s. 
Immediately south of the junction region, the jet tends to spread 
asymmetrically wlth more intense currents concentrated towards the 
Anatolian side. The surface flow, proceeding in the southerly 
direction, then bifurcates into two branches. As one branch turns 
eastward and enters into the Izmi t Bay, the main branch turn 
anticyclonically toward west-northwest in the direction of the 
Thracian coast. Inside the westward curling main flow, the 
surface waters form a quasi-permanent sub-basin scale eddy. The 
size and the strength of the eddy varies depending on the 
atmospheric conditions and the strength of the outflow from the 
Bosphorus. Most drastic changes occur when the region is under 
the effect of south westerlies during the winter months. Under 
these conditions, the jet core emanating from the Bosphorus tends 
to deflect towards the Thracian side and the anticyclonic eddy has 
an elongated shape along the coast. The upper layer flow, upon 
reaching the Thracian coast of the basin, then proceed westward in 
the form of a barocllnically unstable meandering rim current along 
the topographic slope. 

For surface outflows having an internal hydraulic control 
present at the exit to the adjacent basin, as observed in the 
Bosphorus, the left-hand attachment of the flow immediately 
outside the channel exit and the resulting generation of the 
anticyclonic eddy occur when the flow acquires negative relative 
vorticity with a magnitude comparable to the Coriolis parameter 
(Wang, 1987). This negative vorticity is generated bv strong 
upward vertical velocity induced during the critical transition of 
the outflow (\lang, 1987). 

The linear barocllnic stability analysis developed for 
two-layer channel flows with sloping bottom topography (Mysak, 
1977), adapted for the Sea of Marmara indicates that the westward 
moving rim current is indeed barocllnically unstable. The 
wavelength and period of the most unstable waves are fo~d to be 
0(90 km) and 0(5 days) respectively. 
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Variabilite des caracteristiques hydrologiques profondes de Ia 

Mediterranee sous l'effet de for~;ages climatiques 

Jean-Pierre BETHOUX• . Claudie BOURNOT•• , Claude LAMBERT••• , Jean RAUNET• at Dominique 
TAILLIEZ• 

•LPMC, Univarsite Paris 6, CNRS, B.P. 8, 06230 Villefrancha-sur-Mar (Franca) 
••tNSUIIUT, Faculte des Sciences, 29287 Brest (Franca) 

···cFR, B.P. 1, 91198 Gil-sur-Yvette (France) 

Dans les annees 1960 et 1970 le Basin Nord Occidental a constitue une zone test internationale d'etude 
des processus de formation d'eau protonde ( MEDOC Group, 1970; Tchemia, 1974). De !'analyse des 
campagnes oceanographiques (Prieur et al., 1983; Lacombe et al .. 1985) ressort une vanabtilte 
interannuelle des eaux denses neo-formees du bassin Occidental. Elle se tradUit par l'occurence eptsodtque 
de maxima ou minima de T et 1 ou de S au voisinage du fond, bien au dela de Ia region septentrionale de 
formation et plongee d'eaux denses. 
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Fig. 1- Agrandissement du diagram me temperature potentielle/salinite en Mediterr.anee Occidentale 
(stations 101, 202. 607. 619 et 0) pour les eaux profondes (z>900m) avec indication de quelques 
profondeurs (en m). 

Enlargement of 0/S diagram in the Western Mediterranean stations 101, 202. 607, 
619 and 0. for deep-water (z>900m) with some depths (in m). 

Les mesures realisees au cours des campagnes MEDATLANTE (programme JGOFS-France 1989-90), a 7 
mois d'intervalle, permettent da donner une nouvelle image spatio-temporelle de cette variabilite des 
eaux profondes aux stations 101 et 607 situees au centre du bassin Algero-proven~al {40° N, so E) et 
aux stations 202 et 619, a l'extremite est de Ia mer d'Aiboran (36.39 lit. 1° W), visitees en decembre 
1988 et aout 1989, ainsi qu'en une station 0, en mer Ligure, au large de Nice, en juillet 1989. Les 
diagrammes 0-S de Ia figure 1 sent des agrandissements pour Ia couche 800m-fond . En decembre 88, 
les eaux profondes aux stations 101 et 202 montrent une nette augmentation de Ia salinite, environ 0,02 
psu , entre 1200-1300m et le fond (2400 et 2700m), pour une diminution de temperature d'environ 
0,01 a 0.02°C. En ces memes stations (607 et 619), revisitees en aout 89, Ia mt'lme couche protonde 
1200m-fond ne montre plus qu'une augmentation de salinite de l'ordre de 0,005 psu, pour une 
diminution de temperature equivalente a celle de decembre. De plus, en Ia station 0 de mer Ligure. en 
juillet 89, le prom profond 0-S peut etre apparente a celui des stations 607 et 619 en aoOt 89. Compte 
tenu de Ia position geographique des stations 607, 619 et 0, Ia structure des eaux profondes du bassin 
A!gero-proven9~.l apparait homogime tant en decembre 88 qu'en aoOt 89. mais avec une modification de Ia 
salinite profonde entre ces deux periOdes. Ces nouvelles donnes: homogeneite spatiale et echelle de temps 
de 7 mois sent a verser au dossier d'etude de variabilite annuelle des eaux profondes (Lacombe et al., 
1985)) 
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Fig.2- Temperature potentielle moyenne (earn§ blanc) et minimale (losange noir) avec quelques 
ecarts-type entre 2000m et le fond, lors de missions effectuees entre 1969 et 1989. 

Mean (white square) and minimum {black rhomb) potential temperature and some standard 
deviations between 2000m depth and the bottom. data acquired from 1959 to 1989. 

lndependamment de cette variabilite interannuelle, il apparait egalement que Ia temperature des eaux 
situees a 2 000 m et au dela subit entre 1959 et 1989 une augmentation continue, tandis que Ia masse 
specifique reste comprise entre 29.09 et 29.12. Sur Ia figure 2 ont ete repartees en fonction du temps, 
les temperatures potentielles profondes (moyennes des donnees pour une profondeur z > 2 000 m) 
proposees par LACOMBE et al. (1985), ainsi que les temperatures potentielles minimales observees 
auteur de 2000 m, lorsqu'elles different des valeurs de fond. Ont ete egalement repartees les donnees 
correspondantes des campagnes PHYCEMED 1 . MEDIPROD 5 et MEDATLANTE. Entre 1959 et 1989, tant 
les temperatures moyennes que les valeurs minimales. quand elles existent, accusant une croissance de 
0,12°C. La precision des mesures oceanographiques de temperature, d'une part, et, d'autre part, depuis 
1969. !'acquisition de profils verticaux continus par bathysonde CTD attestant de Ia realite physique de 
!'evolution constatee de ces temperatures profondes (z > 2000m). Par ailleurs. Ia comparaison des 
donnees de temperature des missions PHYCEMED 1 et MEDATLANTE. en trois zones du bassin Occidental, 
(mer Ligure, bassin Algero-proven~al et mer d'Aiboran) montre que !'evolution des temperatures de Ia 
couche 2000m-fond se retrouve egalement dans Ia couche 500m-fond. La variation moyenne de Ia 
temperature de cette colonne d'eau, entre 1981 et 1989 est de 4,1 10·3 oK /an· ce qui, reporte sur Ia 
periode trentenaire 1959-1989 donne un d0 total de 0,12 °K, soit Ia variation precEidemment 
determinee dans Ia couche 2000m-fond. Ce resultat atteste d'une evolution globale de toutes les eaux 
profondes du bassin •Occidental. Cette elevation de temperature des eaux profondes provient de celle des 
eaux superficielles Iars de Ia formation hivernale d'eau dense. et done d'une mOdification continue du 
climat. La modelisation en flux de Ia formation d'eaux denses doit permettre d'utiliser !'information en 
temperature des eaux profondes pour evaluer Ia variation du climat au dessus de Ia Mediterranee et 
donner une estimation de l'effet de serre. 

REFERENCES BIBUOGRAPHIQUES 
H. LACOMBE. P. TCHERNIA et L. GAMBERONI. Prog.Oceanog., 14, 1985. p.319-338. 
MEDIPROD 5 ,L.PRIEUR. communicalion personnelle. 1990. 
MEDOC GROUP. Nature 227. 1970. p.1037-1040 
PHYCEMED 1-1981, R.Chesselet et J.P.Goui\lou, communication personne\le 
L.PRIEUR,J.P.BETHOUX,J.H.BONG. D.TAILLIEZ.Rapp.Comm.intMerM9dit.28.1983,p.51-53. 
P. TCHERNIA, Co/loques lnternationaux du CNRS, 215. p.17-21, 1974. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 

158 

O-ll4 

~ 

§ 
E-.. 
h 
~ 

Water fluxes across the Balearic Channels in June 1989. Doppler 
profiling and geostrophic computations 

A. CASTELLON , E. GARCIA-LADONA and J. FONT 

lnstitut de Ciences del Mar (CSIC), 08003 Barcelona (Spain) 

The three Balearic channels close the Catalan Sea by the S 
and E, while by the NE it is open to the general southwestwards 
flow of the NW Mediterranean. By means of regional water and salt 
budgets, Bethoux (1980) calculated this inflow to have an annual 
mean flux of 0. 8 sv. Some 0. 4 Sv should leave the basin through 
the southern sill, while other o. 4 Sv return to the Liguro
Proven<;:al basin by the N of the islands. 

After an extensive analysis of hydrographic data, Font et 
al. (1988) concluded that the circulation in the Catalan Sea is 
controlled by two shelf/slope fronts. T!le main southwestward flow 
continues alongslope the Liguro-Proven<;:al current from the Gulf 
of Lions, with a flux ranging from 1.5 - 2 Sv in winter to 1 Sv 
in summer. The outflow through the southern channel was estimated· 
to be lowe·r, especially in summer. Very variable exchange has to 
occur through the other two and less deep sills. A return current 
to the NE contours the Balearic continental shelf, and its flux 
was calculated to be of the order of o. 5 Sv off Mall orca. 

During a cruise of the Spanish R/V "Garcia del Cid" in June 
1989, high horizontal resolution (2 to 5 miles) CTD and ADCP 
sections were performed in the three channels and in the northern 
edge of the Catalan Sea. 

ADCP profiles down to about 350 m (without pitch and roll 
compens.ation) were averaged every 5 minutes, both during CTD 
stations and underway. Absolute velocity values were calculated 
by bottom tracking over the continental shelf or by a reference 
level of zero velocity at 300 m. A reasonably good match between 
the two methods was observed in all the sections. Four hours of 
ADCP profiling close to an Aanderaa mooring allowed an 
intercalibration of both types of current-meters at three levels: 
mean differences in speed were in the range of 2 to 4 cmjs. 

This first ADCP survey in the region evidenced the frontal 
jet character of the southwestward flow along the peninsular 
slope; with a strong weakening in the southern part (Font & 

Castellon, 1989). Maps of current vectors at different depths in 
the four border sections (e.g. fig.1) show the inflow and outflow 
patterns as it would be expected at the begining of the summer in 
the surface layer (Font et al., 1988). In the northern section 
the Catalan (to SW) and Balearic (to E) frontal currents are 
clearly present. The irruption of Modified Atlantic water by the 
Balearic sills is a remarkable feature, together with the very 
low outflow in 'che south. 

Although the analysis of all the ADCP data has not been 
completed, a quite good agreement has been found, on both 
velocity distributions and transport in the surface layer, with 
geostrophic computations. water flux values in the four sections 
have been calculated as: o. 9 Sv Catalan current inflow, 1. 2 sv 
Balearic current outflow, 0. 05 Sv inflow in the northern channel, 
0.1 outflow (north) and 0.5 inflow (south) in the central channel 
and 0.3 outflow (west) and 0.2 inflow (east) in the southern 
channel. 
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Fig.1 Rough ADCP velocities at -30 m measured in June 1989 
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Seasonal variability of the surface circulation in the Channel of 

Sicily 

A DE MAIO , M. MORETTI , E. SANSONE and G. SPEZIE 

lstituto di Meteorologia e Oceanografia - IUN - Via Acton 38, 80133 Napoli (ltalia) 

The seasonal variability of the surface marine currents in 
the Channel of Sicily is discussed on the basis of hydrological 
and surface current data collected by the Institute of 
Meteorology and Oceanography in the framework of the POEM 
project. 

The surface flow patterns which resulted from the surveys of 
September 1987 and March 1990 are considered as they represent 
the typical summer and winter situations, and because the fair 
meteorological conditions which prevailed during the surveys 
allowed a good set of observations on the 'wle area. The 
patterns, as resulted from the analysis of the hydrological data, 
are supported by both the direct current measurement recorded on 
board R.V. Bannock while at station, and by the NOAA satellite 
imagery. They show a NW to SE meandering path with well defined 
cyclonic and anticyclonic gyres on its sides. 

In summer time a frontal system having Atlantic Water (AW) 
in the south part of the channel and higher saiini ty water on the 
Sicily continental shelf, is seen. It is oriented NW - SE with 
meanders of 100 nautical miles wave lenght and 20-40 nm 
amplitude. Velocities close to 40 cm/s resulted by both direct 
and indirect methods. A few cyclonic gyres about 20 nm in 
diameter are well seen down to 50 meters. The results match 
fairly well with the thermal front shown by the imagery of the 
NOAA satellite during the same period. 

In winter the mixed layer formed over the Sicily continental 
shelf is missing, and the area is characterized by a cyclonic 
flow along the Sicilian coasts as far as the Ionian sea. The AW 
is easyly recognized through the subsurface salinity minimum 
distribution which follows the geostrophic flow in the south part 
of ·the channel and turns toward the African coast (Fig. 1). 

Moreover the two sets of observations point out that between 
Tunisia and Sicily the AW keeps always the same salinity values 
( 37.0-37.1). In summer, the AW flows out of the channel around 
Malta Island and reaches the western Ionian basin. In winter the 
AW layer is shifted toward the African coasts and leaves the 
channel far south. 
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Temporal variations of the principal water masses of the Levantine 
Basin 

Artur HECHT 

Israel Oceanographic and Umnological Research, Tei-Shikmona, Haifa 31080 (Israel) 

The MC series of cruises, a series of twenty cruises carried out in the southeastern 
Levan tine basin at relatively short intervals over a 8:;riod of five years, presents us with the 

1fr!i:d~~~ ~}~!;~i~~:!tf!Ii:;ewln~nt:;t~ ~ at~:;r'fh~T!~!s~;a~! ac:fd~~S:~~j 
variability of these water masses. From the data of those cruises, we computed climatolor.:cal 

~~ra;:!~~ili~n~e!~~~!;{' ~~~~u~s ~:~ ~i~~:: f:;:rifhe ~~f::~:r~~ !~~~~~a~~n~Y:~ 
respectively (HECHT et al. 1988). 

The limits of the AW and LIW layers were determined on the climatological salinity 

h~lf~iu~y ~=f~~;:,~c~!:;:!~:f!fe'v~=~: ro;re~~ ~rnt3J~~o~~6)a:!:Ii:S Ot~~C:;:cti!~ 
standard deviation for the LIW (38.97-0.05). While the definition of the LIW resulted in what 
may be considered a reasonable value, the layer defined as A W appeared to overlap the LIW 
layer. One can find some arbitrary solution for the AW definition problem, such as usinl{ the 
upper boundary of the LIW as the lower boundary of the AW. Obviously, this kind ofdefimtion 

d~~~~o~:~v~::~S:~s!~::; ;:;i~~n:~~~:cii~~:l!~:f Jtrdf!;a'::, :~~!f:! 
a temperature associated with these particular water masses. 

At the straits of Gibraltar, Sicily, and Dardanelles, the ingressing as well as the 

:~ci~'(fiffii:Aroa{§'8s.;>~~:1~~idg~~:~;~t' ~!~~!~Av:ri~~;~~ ~:a~~~~ 
within the basin as well. In order to obtain some information on temporal variations, one can 
determine the salinity extrema and the respective standard deviations on eac_h of the cruise 
profiles. A few of the cruise average salinity profiles did not yield a clearly identifiable 
extremum of one kind or another. In particular, the MC21 of December 1982 did not seem to have 
either a minimum or a maximum salinity. An attempt to investigate seasonal variations by 
depicting those values on a compressed time series of cruise average salinity profiles (i.e. cruise 

f~~~;~~J:!i!Jit!;:!ei~ ~k:ti!e~c~::~e~:::d~~~~ 'f:~s':u~::~t:S:~le J::d 
as far as the A W is concerned (a deeper and narrower layer sa the year progresses), but random 
fluctuations with respect to the LIW. 

Therefore the cruise salinity average profiles were restored to their original 
se[luential order. This did not seem to yield more information on the behavior of the AW; they 

F~~~~;~~~ &fg~~}~du~~eJ!~~b::;n~~r(~C~~ :e\iW :!~:r::n:,·l!0a~e::~::: 
constant level (271 ± 7 dbars) with an average of38.95±0.02. In May 1982 (MC20), we observe a 
decrease in the level of the aalinity maximum, and in December 1982 (MC21), we could not find 
either a minimum or a maximum on the cruise average salinity profile. Following that, the 
salinity maximum level is less constant and at a shallower depth (187±0.30 dbars) and has a 
higher value (39.02±0.02). 

For the sake of comparison, the overall average of the salinity maxima is 38.98 ± 0.04 

!~~ ~~ea~~~rt~! ~~~~~;~;~}~~~i:!~s~r~~~~~~d ~;;t8i;= j;ef~i:!g 1::; ~~bW~~-1A~ftisa~;fi 
t.n:;r~:~r Da~~i~:~~~~C~~~i::~r ;~~i~::.p w~r~':d0{h~eth~e~~~~~ns~ilnlti!sc~~l~~ n~~i~b:~ 
were completely stable (e.g. 38.70±0.02, 38.68±0.01 and 38.676±0.009 at 1000,1500 and 2000 
dbars, respectively). 

As to the reasons for this change, one may well remember that the winter of 1982-
1983 was the onset of one of the largest El-Nino events of the last century. Its repercussions were 
felt all over the world, and some of its effects may have reached as far as the eastern 
Mediterranean. Indeed, in retrospect, we already observed some anomalous behavior of the 
salinity in the May 1982 cruise (MC20) and more intensive in the December 1983 cruise, after 
which the salinity seems to return to "normal" behavior. However we have no explanation to 
connect the events. On the other hand, the continuous diversio11 of fresh waters from the 
Mediterranean basin, e.g. the damming of the Nile which, according to OREN and HORNUNG 
(1972), has already affected the coastal waters of Israel, is expected to change the water 
exchange regime between the Mediterranean, the Atlantic and the Black Sea (NOF 1979). 
Finally, some changes in the previously "stable" characteristics of the Mediterranean waters 
were observed in the western basin and linked to possible climate changes (LACOMBE et al. 
1985, CHARNOCK 1989). In particular, LACOMBE et al. (1985) suspect a change in the LIW 
and suggest their close monitoring. 
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On the vertical structure of the Black Sea Currents 

V.-S. LATUN 

Academy of Sciences, Sevastopol (U.S.S.R.) 

The available measurements aod diagnostic calculations 
generally provide a similar vertical structure of the horizontal 
current velocity CLatun, 1989a). Currents attain their maximum 
speed (about 90 cm/s) in the near-surface levels. Then, they 
tend to reduce typically by about 25Y. at the depth of 75m and 
drops by 50-60% towards 100m and then decrease gradually toward 
deeper levels. The flow is almost unidirectional within the zone 
of Main Black Sea Current CMBSC) down to the depths of 300-500m. 
In the deep anticyclonic eddies, where the vertical structure may 
extend down to the depth of about 1000m, the circular currents 
attain a difference of approximately 5 cm/s between the 500m and 
1000m. On the other hand, such difference are virtually 
nonexistent outside the anticyclonic eddies. 

The present work reports briefly findings of the 
hydrological and current measur.ements performed at five stations 
throughout the water column at eight levels between 10m and 1500m 
for about two weeks period CLatun, 1989b). The stations are 
situated in a cross-like grid with a distance of aproximately 20 
miles to the central one which is located about 60 miles 
southwest of the tip of the Crimean peninsula. All these five 
current stations are found within the zone of MBCS. An 
additional current measurements have been performed for a longer 
period at some distance from the former mooring locations and 
outside the MBSC stream. It was found that the flow has a 
cyclonic .character in the MBSC. In the 500-lOOOm layer: the mean 
velocity was a.bout 2. 5 cm/s. In the deeper layers, a stronger 
flow in the opposite direction is measured with maximum hourly
and daily-averaged values of 20 cm/s and 15 cm/s, respectively, 
at the depth of 1500m. The average value for whole measurement 
period of 12 days is found as 11 cm/s. The latter average value 
of deep currents was further found to be approximately 
geostrophic. Utilizing me~?ured_Xalue of the mean meridional 
density gradient of 4.1!t10 g em /20 miles for the 500-1500 m 
layer, zonal component of the geostrophic flow is determined as 
11 +2 cm/s at the depth of 1500m. 

The measurements demonstrated that the flow has considerable 
temporal variability throughout the water column. The 
periodogram, obtained by means of Buys-Ballot method, reflects 
presence of most dominant oscillations with periods of 17 and 4 
hours, corresponding to the local inertial period and the first 
mode cross-sea seiching period, respectively. Inertial 
oscillations are observed at all depths and dominate the kinetic 
energy of the system at some levels when the geostrophic balance 
is disturbed. Inertial oscillations are found to be the most 
dominant wave in the MBCS stream Qscillation. In one of the 
stations, the density of the surface flow kinetic energy is found 
to increase from 16 to 55 J/m

3 
which in fact corresponds the 

maximum energy increase taking place during one inertial period. 
This feature is found to penetrate in the whole water column 
indicating its hydrostatic origin. After two inertial periods, 
the aperiodic component of the deep flow attains a new energy 
level as a result of the change in the geostrophic balance of the 
flow. At 300m depth level, the kinetic energy increases from 6 
to 56 J/m

3 
within two inertial periods, thereafter the 

contribution of inertial oscillations to the whole energy 
decreases from 91Y. to 17%. During the first inertial period, 
well-pronounced 4-hours seiche oscillations are also observed. 
The characteristic seiche flow velocity is estimated as 10 cm/s 
which contributes to 15Y. of the total kinetic energy. In the 
following inertial period, the seiche flow velocity is reduced by 
a factor of 4-5 and its contribution therefore becomes 
negligible. After the second inertial period, the oscillations 
are weakened considerably, the mean current is intensified with a 
change in its direction from cyclonic to anticyclonic. The 
anticyclonic character of the flow is preserved for at least two 
more inertial periods. On the other hand, at 1500m depth level, 
the anticyclonic character of the flow has been observed 
persistently throughout the 12 days measurement period. An 
increase of kinetic energy from 6 to 9 J/m3 is obser·ved even at 
this level. 

A hypothesis on the deep countercurrent generation mechanism 
has also been made using the combined analyses of temporally and 
spatially varying density and velocity fields. 
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Courants et niveaux de maree en trois regions cruciales de Ia Mer 

Mediterranee 

Ferruccio MOSETTI 

Cattedra di Misure Oceanografiche, Universitil, Trieste (ltalia) 

Jusqu'a un passe recent en ce qui conceme les marees existaient 
seulement des enregistremerits qui, bien que tres longs, etaient limites aux 
niveaux. Les courants ont ete mesures seulement quelques fois. 
sporadiquement. ou, presque toujours, sur des intervalles trop courts pour 
etre utilisables avec precision. Nous pouvons disposer maintenant de series 
enregistrees de courant et suffisamment developpees pour separer, a !'aide 
de filtres convenables, la contribution de Ia maree aux autres causes du 
courant. Les courants de maree peuvent aussi etre examines a !'aide de 
modeles hydrodynamlques. Ce travail traite des mesures et de quelques 
modeles. 

En Mediterranee, trois zones cruciales ont ete prises en 
consideration, tant pour les marees de niveau. que pour les courants. Les 
mesures de niveau connues (depuis longtemps). ont ete integrees. par de 
recentes mesures directes et contlnuelles du courant. Avec quelques 
applications des modeles, nos connaissances sur Ia dynam!que des bassins 
sont ameliorees. 

Les zones etudiees sont : l'Adriatique septentrionale, avec les golfes 
de Venise et Trieste, le detroit de Messine et Ie golfe du Gabes en Tunlsie. 
L'etude est limitee a Ia composante Iunaire principale M2, quelques 
comparaisons relatives aux autres composantes sont toutefois effectuees. 

Les trois zones ont des caracterist!ques tres !nteressantes pour Ies 
marees. Dans Ies golfes de Venise et Trieste, les niveaux de maree sont 
parmi les plus developpes de la Mediterranee (amplitude 27 em a Trieste 
pour la M2 et une excursion totale - en syzygie - de 1.1-1.2 metres). 
Toutefois, les courants de maree sont relativement faibles : en mer ouverte, 
le courant total de maree atte!nt. seulement en quelques points. des valeurs 
de lOcm/s. Ils sont presque sans importance pour le renouvellement des 
eaux excepte dans les canaux lagunaires (Grado-Marano. Venise) ou les 
Vitesses totales arrivent a 1-1.5 m/s. avec a peu pres 60-80 cm/s pour la 
seule composante M2. A l'interieur du golfe de Trieste, le courant de M2 
decrit des ellipses assez aplaties. axe principal oriente NE, amplitude 4-5 
cm/s et dephasage d'environ 90°, relativement aux marees de niveau a 
Trieste. Les marees ·diurnes presentent a peu pres Ia meme allure et des 
amplitudes comparables. Dans les golfes de Trieste et Venise, les plus 
grands facteurs de mouvement sont les courants du vent. La situation 
mesuree est confirmee par un modele hydrodynamique. 

Dans le detroit de Messine on releve. en echelle mondiale. Ies 
courants les plus forts, avec de petits denivellements, bien que sur grande 
pente. La composante M2 de niveau presente un dephasage presque parfait 
de 180° entre les extremes N et S. avec une amplitude de 12 em en mer 
Tyrrhenienne meridionale et 6 em a !'embouchure de la mer Ionienne. La 
Vitesse moyenne du M2 dans la zone la moins profonde du detroit est de 80 
cm/s avec des valeur& maximales de 155 cm/s (Ant!noeud de courant avec 
noeuds a !'extreme). Le noeud du niveau se situe dans la zone la moins 
profonde. La figure reporte les profils de Vitesse (v) et de niveau - amplitude 
de M2 ( lf) le long du canal entre T embourchure Tyrrhenienne et J 
embouchure Ionienne. La section S, reportee en correspondance, donne 
egalement la dimension du canal. Un courant total (complexe des marees 
avec contribution du vent) de bien 355 cm/s a ete mesure en 1980. Le 
courant diume est aussi fort (30 cm/s): on decouvre aussi les harmonlques 
inferieures : dans les spectres du courant, on releve des marees 1/10 
diumes. 

Les ellipses semi-diumes (avec differents sens de rotation -noeuds 
de vitesse-) sont aplaties sur la direction du canal s'amortissant en 
profondeur. La phase de !'axe principal du courant M2 est de 114° (phase g) 
tandis que sur la cote Sicilienne (Ganzirri 316°) elle est a peu pres en 
opposition. Horm!s le classique noeud du courant M2. les courants diurnes 
ont egalement des noeuds dans le canal ainsi que les plus breves 
composantes. Des modeles ont conflrme cette situation. 

Le golfe du Gabes a, notoirement, les plus fortes marees semi
diurnes de la Mediterranee (48 em de M2, contre 3.8 pour la Kl). Par 
contre. le courant est faible. Des mesures, sur la traverse de Malte, ont 
revele de tres faibles courants semi-diumes (noeud du courant. tandis que le 
noeud du niveau est proche. a Pantelleria). Le total du courant calcule sur la 
ligne Cap Bon - Trapani est de 27 cm/s. surtout en densite. 
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Objective Analysis of P.O.E.M. Greek data : General circulation 

features and water masses in the Eastern Mediterranean (March/April 
1986, September/October 1987) 

K. NITTIS' , A. THEOCHARIS'' and A. LASCARATOS• 

·university of Athens, Department of Applied Physics, 33 lppokratous str., 10680 Athans (Greece) 
.. National Centra for Marine Research, Aghios Kosmas, Hellinikon, 16604 (Greece) 

During POEM-2-86 (March/April) and POEM-5-87 (September/October) 
major cruises in the Eastern Ionian, NW Levantine and Southern Aegean, 
CTD data were collected, using an SBE-profiler on board R/V AEGAIO, 
from a large number of stations with almost nominal spacing of 0.5 
degrees in latitude and longitude. 

Measurements were taken at a rate of 33/sec, averaged in situ by 
software over one second intervals, thus obtaining measurements at 
about 0. 7 decibar intervals, followed by 3 point interpolation to 
nominal depths (every dbar). CTD salinity was calibrated against water 
sample salinity, measured by an AUTOSAL salinometer. Intercalibration 
was carried out, based on common stations occupied by two ships, as 
simultaneously as possible, in the framework of the POEM coordinated 
field experiments. Finally, tha data were analysed objectively , using 
a homogeneous isotropic correla~ion function, for an optimal estimation 
of the circulation and water mass distribution during the two above 
mentioned major seasonal cruises. The produced objective maps of 
dynamic height reveal an intense mesoscale circulation pattern during 
both realizations. Various persistent andfor seasonal cyclonic and 
anticyclonic eddies of different sizes and structure, as well as 
intense currents are identified in the region. 

The objective analysis of the late winter 86 data revealed (fig. 
1) : a.- The large meandering cyclonic Rhodes gyre, with an E-W 
orientation, extending up to the SE of Crete. b.- The western part of 
the Asia Minor Current is clearly seen boardering the Rhodes gyre to 
its north and west. An important feature of the winter 1986 
circulation is the branching of the Asia Minor Current into the Aegean 
through the eastern Cretan straits where it transp0rts Levantine 
waters. c.- The meandering Mid-Mediterranean Current, located between 
34 and 35 If, flowing to the east. It carries considerable amounts of 
AW towards the Levantine Basin. d.- The strong presence of the 
"Pelops" anticyclonic gyre sw of Peloponnisos in the E. Ionian. e.
The general cyclonic circulation pattern in the Central Cretan Sea, 
which could be characterized as a continuation of the Asia Minor 
Current after its entrance in the Aegean through the Xasos strait. 
£.- The major circulation patterns observed are maintained also in the 
intermediate depths (300-400 dbars). 

During the late summer experiment, a series of large cyclonic and 
intense anticyclonic gyres predominate in the Levantine and Ionian 
regions (fig. 2) : a.- The major quasi-permanent cyclonic Rhodes Gyre 
with an almost lf-S orientation, is relatively restricted to the east. 
b.- West of the Rhodes Gyre and SE of Crete, an intense anticyclone 
(not present in winter). named "Ierapetra" gyre, is observed.Its 
presence squeezes the Rhodes Gyre to the east. Geostrophic velocities 
at the borders of the anticyclone reach 50 cmfsec. Waters coming out 
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of the Cretan Sea through the strait of Xasos are canalized between the 
Ierapetra and Rhodes gyres. c.- The Asia Minor Current meanders around 
the Rhodes Gyre and bifurcates at Rhodes and Xarpathos Straits entering 
and exiting again the Aegean. Its net transport into the Aegean is 
minimal compared to that of late winter. d.- The Mid-Mediterranean 
current is shifted to the south compared to its winter position, 
between 33.5 and 34 If. e.- In the Ionian, three major circulation 
features predominate: the persistent Pelops Anticyclone, the large 
cyclone to the SW of Crete and an anticyclone at the southwesternmost 
part of the study area (34 II, 19 E). The core of the LIW is trapped by 
the deep Pelops gyre, while considerable amounts of AW along their 
eastward route from the Ionian to the Levantine, are recirculated in 
the Ionian by the cyclone SW of Crete. f.- In the Cretan Sea a series 
of three anticyclonic eddies predominate, while the meandering 
circulation is reversed compared to that of the late winter period. 
g.- The distribution of the salinity minima shows that surface and 
subsurface layers in the Ionian are occupied by relatively "new" AW, 
while in the Levantine side the AW can be characterized as "older". 
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0-1110 
The Black Sea Circulation: its mesoscale and sub-mesoscale 

variability as inferred from hydrographic- and satellite observations 

T. OGUZ", P.-E. LA VIOLETTE .. and U. UNLUATA• 

'Middle East Technical University, lns1itute of Marine Sciences, P.O. Box 28, Erdemli, 33731, leal (Turkey) 
.. Naval Oceanographic and Atmospheric Research Laboratory, Stennis Space Center, MS 39529 (U.S.A.) 

Quasi-synoptic hydrographic data and satellite imagery are 

used to describe the circulation and the structural variability of 

the Black Sea with particular emphasis given to the circulation 

along the Turkish coast. The data enables to provide several 

features of the circulation whic.h were not identified earlier and 

reveals the complexity of the basin-wide cyclonic circulation 

system. The data indicates that the circulation is characterized 

by multiple scales of motion and involves, in general, a 

well-defined meandering rim current and strongly interacting eddy 

fields ranging from sub-basin scale gyres to sub-mesoscale eddies 

interconnected with each other by strong jets and filaments. The 

filaments, often with dipole eddies at their terminus, extend from 

the shelf-slope region into the offshore waters. The disposition 

of these offshore filaments imply crucially important dynamical 

processes related to the shelf-deep basin exchanges. The 

mesoscale eddies and other fine structure features interact 

continuously with the mean flow and therefore generates a highly 

interactive, energetic and temporally variable picture of 

circulation. The large scale quasi-synoptic features of the 

general circulation is basically governed by the spatially 

variable wind stress field and further modified by the 

thermohaline forcings and the topography. 

Along the Turkish coast, the meandering rim current and the 

mesoscale eddies are confined over the shelf/slope topography 

conforming to the 200-2000m isobaths. The flow structure is 

characterized by wave-like disturbances superimposed on the mean 

flow. The meanders have typical qffshore extent of about 75 k:m 

from the shelf break and typical alongshore wavelengths of 100-150 

km. The features translate eastwards and are often streed by the 

topography and evolve continuously in time through the instability 

mechanism. The vertical shear, necessary for the baroclinic 

instability mechanism, is originated by the strong upper layer 

flow advecting waters of the cold intermediate layer and 

relatively weaker flow in the subhalocline waters. Embedded 

within the meandering rim current, there exists a series of 

coastal eddies which are all anticyclonic, usually evenly spaced 

and have alongshore scales of O(lOOkm). 

A quantitative evidence for the baroclinic instability 

mechanism is provided by means of a simple two-layer channel model 

having uniformly sloping cross-channel topography. 
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Round Table on PRIMO, an International Research Programme in the 

Western Mediterranean 
(Tuesday October 16 th 1990) 

Claude MILLOT 

Antenna C.O.M., B.P. 330, La Seyne-sur-Mer (France) 

Most of the physical oceanographers interested in the wes

tern Mediterranean have the common will to involve all the availa

ble observational and theoretical tools during the same period of 

time in order to get answers as accurate as possible to some ba

sic questions. This is the rationale for PRIMO, the acronym (in 

the language of most of the riparian countries) standing for "In

ternational Research Programme in the Western Mediterranean"; 

PRIMO is supported by both IOC/UNESCO and ICSEM. 

Several meetings were necessary to reach a consensus on the 

fact that, first of all, we had to get a better understanding of 

the general circulation of the water masses. More specifically, we 

decided that the first step should be to focus on the seasonal va

riability of the circulation; the major reason is that some of us 

still disagree about the characteristics and driving forces for 

such a signal which is fundamental since the actual working of the 

whole sea, i.e. transformation of surface waters into deeper ones, 

is seasonal too. 

Therefore, our strategy for the first step of this programme 

is to conceive an experiment based on the available observations 

and theoretical works and aimed i) to specify more accurately the 

major characteristics of the seasonal variability and ii) to check 

for all the mechanisms expected to be responsible for such a varia

bility. Next steps will probably focus on mesoscale and/or regio

nal phenomena. 

The outline for an action plan, elaborated in June 1990 hy a 

group of experts, will be presented during this round table to the 

whole community in order to be improved and definitively drawn up. 
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0-IVI 
Water Masses in the Pagassitikos Gulf, Greece, in 1989 

Stavros BARBETSEAS and Irene ZODIATOU 

National Centre for Marine Research, Agios Kosmas - Ellinikon 16604 Athens (Greece) 

Hydr-ographic data -from -four cr·ui<•es in the Gulf' of the 
Pagassitikos, during 1989, are seasonally evaluated. 

A lower salinity water layer prevatls at the sw·-face all 
over the Pagassitikos Gulf', especially in summer, owing to the 
Aegean water· entering the study area and the almost per·manent 
strati-fication. In the sur-face of' the Bay of' Volos, the lower· 
salinities observed at the NW par·t can t·esult -ft·om the in-fluence 
o-f the -fresh water -from the source nBourboulitht-es" -flowing into 
the NW end of' the Bay. During August and November two water 
masses were obset-ved, in the sut--face layer only!'! one in the Bay 
of' Voles and another one in the remainder of' the Gulf'. However, 
there was only one water mass in Februat·y and May. 
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Fio.t r T.,. P•o•ssitikos Gul-f, showing thto positions o-f 
t.,. hydrologic•! st•tions. 

At locations not deeper than 60m, the water column 
comprised mainly two layers, with the uppet· one as -far down as 
20m. At the deep stations <>60m> ,a thit·d layer- -for-med below 40 to 
50 m. The thickness of' the sur-face layer varied f'rom 20 to 40m, 
depending on the season and the morphology. The higher 
temperatures and lower- salinities in the sw·-face layet· were 
observed in August, owing to str-ong str-ati-Fication. In Wintet·, 
the tempet·ature dropped and the strati-fication became Heaker, bL!t 
persisted because of' the halocline. However, in Febt·uat·y, the 
water column was thoroughly homogeneous. 
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A Methodology for Analyzing Climatological Data In the Western 

Mediterranean. Perspectives in Variational Inverse Modelling 

Pierre BRASSEUR 

GHER. University of Uege, B 5 Sart-Tilman, Ulg., B-4000 liege (Belgium) 

The knowledge of the dynamical structures associated with the general circulation in the 
Western Mediterranean is unceasingly growing as numerical models [Beckers, 1988] together 
with in situ observing systems become more and more sophisticated. The ultimate objective being 
the design of a 3-D realistic model, it is fundamental to confront the results stemming from 
numerical simulations with the extensive set of hydrographic data collected since the beginning 
of the century. 

A variational inverse model, initially developed for the study of continental seas, has been 
tuned to phenomenons typical of the Mediterranean Basin. It allows to reconstruct, on the basis 
of local measurements (such as C.T.D. profiles carried out at pin-point hydrographic stations), 
continuous fields of the state variables representative of the general circulation ·and its evolution 
during the seasons. In this model, the 3-D structure of the Sea is reproduced by using a set of" 
N layers, each of them being characterized by a density which is constant along the vertical and 
variable in the two horizontal directions. Although the vertical discretization may vary with the 
abundance and the spatial distribution of the data, three layers at least are necessary in order 
to reproduce adequately the Atlantic surface water, the Intermediate Levantine water and the 
dense water in the deep ocean. In each layer, the horizontal distribution of density (or any o~her 
scalar variable} is obtained by applying the weighted residual method to the equation 

Nd 
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The first term is a smoothing operator equivalent to the variational principle [Brasseur, 1989]: 
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where the #tension• parameter a has been introduced so as to take into aecount the frontal 

structures disclosed by physical, chemical and biological data. The second term is this by which 
the observations d 1 , measured at ( x 1 , y 1 ) , are assimilated into the continuous solution at 

p 1 = p ( x 1 , y 1 ) . The weighting factors J..l 1 are fixed according to the confidence intervals 

associated with every data. They depend on the statistical quality of the measurements (systematic 
errors) as well as on the filtering required to cancel out processes representative of small scale 
motions. Moreover, the interpolation procedure is driven dynamically by an advection-diffusion 
relation with y as a weighting factor. The velocity field u( x, y) is obtained by assuming tbat 
the flow within each layer is in geostrophic balance and satisfies the thermal wind equation, so 
that 

ou g ' 
-- = -e3.7\ 'Vp. 
ox3 Pol 

The turbulent diffusion coefficient ~plays a role similar to the tension parameter a in the 

smoothness operator. 

On the basis of climatological data collected in the Western Mediterranean, one can reconstruct 
typical 3-D configurations depicting the state of the Sea during the seasons by using the 
Variational Inverse Model. Of course, the above-mentioned equations concerning the 
reconstruction of buoyancy fields may be written for other kinds of data such as temperature, 
salinity, nutrients, phytoplankton, chemical tracers ... The main objective is to describe, from the 
data, the standard patterns which recur from one year to another within the global system. 
Preliminary results show that the Variational Inverse Model makes up a practical tool for the 
understanding of fundamental questions as: what are the driving forces of the general circulation 
in the Northern part? what are the mechanisms responsible for the genesis and the cohesion of 
frontal structures? 

In a subsequent stage, the reconstructed fields may be used as initial and boundary conditions 
in the framework of a general numerical model [Brasseur and Nihoul, 1990]. Indeed, the 
non-linear features of primitive equations models require the usc of adequate auxiliary conditions 
to reproduce as much as possible realistic situations. The complementary nature between the 
direct approach based on evolution equations and the inverse method for the visualization of 
data will become essential for the understanding of the whole Mediterranean System. 
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O-IV3 
Observations of Currents and Temperature on the Adriatic Shelf in 

Summer 

Ivana CEROVECKJ' , Zoran PASARIC" , Milivoj KUZMIC" and Mirko ORLIC"" 

"Centre for Marine Research, Ruder Boskovic Institute, Zagreb (Yugoslavia) 
""Faculty of Science, University of Zagreb, Zagreb (Yugoslavia) 

Current and temperature data were collected between 12 August and 
10 September 1989 at three stations near the north-eastern Adriatic 
coast, in the framework of Adriatic Scientific COoperation Programme 
(ASCOP) • Time series have been low-pass filtered in order to remove 
inertial an<j tidal asci !lations. The low-passed data provide 
information about residual and wind-driven dynamics of the North 
Adriatic in summer. 

The main feature of the current time series is variability at 
time scale of about ten days. Therefore, the analysed one-month period 
has been divided into three nearly equal subintervals with almost 
constant direction of current vectors. For each subinterval residual 
currents have been calculated and are presented in Figure 1. They 
indicate the existence of cyclonic gyre in the northernmost part of 
the Adriatic Sea. In the southern part of the measurement polygon 
anticyclonic gyre is observed at the beginning of the experiment, 
whereas cyclonic gyre is found there at the end of the experiment.The 
latter circulation pattern, consisting of two cyclonic gyres that 
dominate the open Adriatic waters, is typical for the summer period 
(Orli~, 1989). Present current records suggest shifting of the gyres 
at the time scale of about ten days. A similar phenomenon has been 
observed by I tal ian researchers in the north-western pat't of the 
Adriatic Sea. Some evidence for such a current variability in the 

1979 is presented. by Michelato (1983) and analysed in a 
modelling framework by Malanotte-Rizzoli and Bergamasco ( 1983). 
Accerboni et al. (1989) have reported on the similar current 
variations in the summers of 1983 and 1984. 

During the analysed measurement interval only two wind episodes 
have been recorded (each lasting for about a day). Consequently, 
measured variations in circulation pattern may be attributed to 
thermohaline forcing, as was also pointed out by Malanotte-Rizzoli and 
Bergamasco (1983) for the 1979. Alternatively, such a 
variability can be interpreted in terms of baroclinic 
propagating through the North Adriatic. 

The two wind episodes have generated response which has 
considerably changed current field for a short period of time. 
Temper:'ature records at three analysed locations have shown that both 
wind episodes induced vertical mixing and appreciable decrease of 
surface water temperature. 

10 cm/s 

12-20 August 1989 

---- .. f1; f ~--
21-31 August 1989 1-10 September 1989 

Figure 1. Surface (--) and bottom (-) residual currents and 
schematic representation of streamlines ( ---) in the North 
Adriatic during the summer 1989. 
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Deep Water Formation in the Aegean Sea 

I.-F. GERTMAW , 1.-M. OVCHINNIKOV'' and Y.-1. POPOV" 

•state Institute of Oceanography (Sevastopol, Odessa), U.S.S.R. State Committee of Hydrometeorology 
(U.S.S.R.) 

""The Southern Branch (Gelendzhik) of the P.P. Shirshov Institute of Oceanology, U.S.S.R. Academy of Sciences 
(U.S.S.R.) 

. The hypothesis .for the deep water· .formation o-F the Athas and Chios 
basins,as r·esult o-F the deep convection mixing in the open sea areas, 
cannot explain the existence o-F water· with potential density ae 29.35-
29.40, which -Fill the deep cavities o-F Aegean Sea. 

Resent studies o-F the Aegean deep sea water has been done, only 
during the second hal-F o-f the 1980th decate working separetly, the 
soviet R/V "Jacob Gakkel" as well as the greek R/V "Aegaio". 

The obser·vatibns in March 1987 <Theocharis,Georgopoulos 1988 & 
Gem·gopoulos,Theocharis,Zodiatis,Christianidis 1988) and in February 
and March 1988 (Ger·tman,Popov 1989) shows that the .formed dense W<jter·s 
(29.37-29.38) east o-f Limnos island move sliding toward the Skiros 
hollow (29.35-29.42) and -fill it. Then through the deepest trough in the 
area ar·e spr·ead to the south-southeast, to the deep cavities o-F Chios 
basin and in certain cases even reaching the Cretan basin. 

Displaj:ement o-F the thermochaline -front between the waters, 
originating -Fr-om Black Sea and Levantine Sea towar·ds the north 
«p=40) ,cr·eate the possibility to the dense water to -flow towards the 
Athas basin through the passage between· Imvros island and peninsula 
Kallipolis.At this ar·ea the dense water o-F the shel-F cart·ied away in 
the bottom layer by the northen currents. Further displacement o-f the 
.fr·ont to the north permits the deep water- .f01·mation to occur in the 
Athas basin,at the nor·then side o-F the cr·est between the islands Limnos 
and Imvr·os.Deep water with this or·igin characterized by smaller values 
o-F temperature and salinity in the nor·th deep trough than those o-F 
Skir·os <T>0.30 deg.C, S>O, 15psu), while the density is approximately 
the same. 

The deep water· formation pi' the Athas and Chios basins in the shelf 
o-F Limnos can be seen at the horizontal distribution of potential 
density in the bottom layer· o-F Aegean Sea <Fig.l,R/V Jacob 
Gakkel,January-February 1990). It 1s 'necessary to me.;,tion the 
predominance o-F the deep water -fm·mation in the shel-F, which 
char·acterizes mainly the north part of Aegean Sea. In the Cretan Sea, as 
well as in other ar·eas. o-f Mediterranean Sea, the deep water is -Formed 
mainly by convection mixing in the open sea at the centre o-F cyclonic 
gyres. In the eastern part of the Cretan Sea was f'ound water at· ig i nat i ng 
f'r·om Chios basin,while in the western pat·t appears .the in-fluence of' 
dense water which is coming sliding -fr·om the shelf' zone of' north 
Cyclades islands. 

As its seems f'rom the above results, it is attracted to sed more 
1 ight on these phenomena, so combi n;.d e-ff'orts would help greatly to 
aproach succesf'ul y such a problem. 

Fig. 1. Tile distribution of ootent ial densi tv <a or) neat· 
the bottom in the Aegean Sea <FUV Jacob Gakkell. 
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0-IVs 
Programme de Contr61e Oceanographique de Ia Baie d'lzmir entre 

1988 et 1989 (Turquie) : !-Aspects hydrodynamique et 
physico-chimique 

S. -L. GOKCEN, A. -0. AKY ARLI, S. CIRIK at E. IZDAR 

lnstitut des Sciences et de Technologie Marine, Universite de Dokuz EyiOI, P.K. 478 35213 lzmir (Turquie) 

La baie d'Izmir se situe dans la partie Ouest de la Turquie. Elle 
attire !'attention a cause des eaux polluees de sa partie inferieure : les 
effluents domestiques et industriels de la troisieme grande ville de 
Turquie, plus d'un million et demi d'habitants, s'y deversent. De plus, le 
fleuve Gediz y charrie des dechets parfois toxiques d'origine agricole. 
D'autre part. !'apport d'eau du large reste limite a cause de la morphologie 
et du manque de profondeur de cette baie. 

Ces demieres annees, la municipalite a pris certaines mesures 
pour controler la pollution de la baie. Parmi celles-ci, un projet de grand 
canal vise a collecter les eaux usees par l'intermediaire d'emissaires pour 
les rejeter dans la partie exterieure de la baie. apres epm;-ation. 

Afin de decouvrir la meilleure fac;on d'utiliser la baie d'Izmir 
comme milieu collecteur. nous avons instaure, depuis decembre 1987, un 
programme de controle oceanographique avec un soutien financier de la 
municipalite. Dans ce cadre, nous surveillons les aspects bioecologique, 
hydrodynamique et physico-chimique. Le present travail relate les deux 
dernieres parties de ce programme. 

Au cours de la recherche hydrodynamique, les courants en des 
periodes courtes (9 st.) et longues (2 st.) ainsi que le niveau de la mer (3 
st.) ont ete mesures. Dans le cadre des experiences physico-chimiques. 
des mesures et des prelevements (T. °C, Salinite. turbidite, conduotivite. 
pH, oxygene dissous, sels nutritifs, metaux lourds) ont ete effectues, 
mensuellement, en 32 stations. 

Tenant compte des resultats hydrodynamiques : 

a) on ne releve pas de stratification de densite dans la baie, 
sauf en ete; du fait de cette caracteristique. les eaux se deplacent en bloc; 

b) en cas de vent dominant N.E., on constate dans la partie 
exterieure de la baie. la presence, le long de la cote Ouest, d'un courant 
venant du large et d'un autre longeant la cote Est, vers le large; 

c) a cause de la presence d'iles, en particulier de celle 
d'Uzunada, une certaine masse d'eau n'arrive pas a penetrer en baie 
moyenne et retourne; 

d) il est tres probable qu'il existe une zone de remous. dans la 
partie Est. de l'ile d'Uzunada. 

En ce qui conceme les parametres physico-chimiques : 

a) !a conductivite, la salinite et !a temperature vartent selon Ies 
saisons et le degre de pollution. Leurs valeurs minimales et maximales 
sont les suivantes : 39,00-58,85 mmho, 35,00-39,50 %0,10,80-29, 80°C; 

b) la matiere en suspension diminue de l'i~terieur vers 
l'exterieur de !a baie (190 - 5 mg/1); 

c) le pH varie dans les limites basiques. 8,00 - 9,00, tandis 
que !'oxygene dissous oscille entre 3,50 et 9,80 mg/1; 

d) les concentrations niaximales et minimales de sels nutritifs 
(nitrite. nitrate et phosphate) sont 0,1-6,0, 0.11-39 et 0,30-103 ug/1: 

e) !'accumulation des metaux lourds (Hg, cd) dans l'eau et dans 
le sediment n'atteint pas de niveau critique. 
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The use of radio-tracked drifting buoys in the study of 
near surface currents has been introduced in different ocean 
regions in the last ten years (Davis et. al., 1982). The tracking 
from a ship of current dragged buoys, by means of directional 
reception of individual radio signals, allows an almost 
continuous positiong of several buoys in a relatively large area. 
An oceanographic vessel equiped with a calibrated rotating 
antenna and a radio direction finding system, can simultaneously 
follow the trajectory of a set of buoys while performing other 
research work. Fig. 1 is an example of a trajectory calculated 
from 59 different bearings of a surface buoy released on June 
1989 in the area of the Balearic current. The successive 
triangulations are corrected from the error introduced by the 
time lag between consecutive bearings. 

FE89 DRIFTER TRACK 
0101, FVCO.Ol,omitFi)( 20, 48, 50. 

/'2.) 

\ 

,J 
Fig. 1 Drifter trajectory obtained during FE89 cruise. Each 
calculated position is represented by a small square. Released 
(1) on June 14th 1989 at 12.49h and recovered (2) on June 18th at 
12. 52h 

Our grou~ (FEPOG) has been using this method in four 
different cru~ses since 1986 in the Catalan Sea (NW 
Mediterranean) where it has shown to be very useful in the study 
of mesoscale near surface phenomena, as frontal filaments (Wang 
et al., 1988) or inertial oscillations (Font et al., 1988; Salat 
et al., 1989). The space (few tenths of kilometers) and time (few 
days) scales typical of mesoscale processes in the Mediterranean 
make the system very suitable for such kind of studies in the 
region. 

In the first two cruises, in cooperation with the Marine 
Sciences Research Center of the State Univ. of New York, we used 
drifters constructed by Lunar Electronics Co. (San Diego, 
u.s.A.), based on an original prototype by Russ E. Davis, and a 
receiving system developped in the Scripps Institution of 
Oceanography. Since 1988, in the frame of a Spanish research 
project (CAICYT PB86-0628), we have been developing a new system 
based on the same antenna commutation circuit structure, and used 
it in 1989 with a modified buoy model that kept the initial 
operating frequency band but introduced simplifications in the 
servicing of the buoy body. 

Due to the fact that the original buoys· were designed to 
operate in the 216 Mhz band, important interference problems 
can appear when using them in Europe, where that band is reserved 
to aircraft communications and navigation beacons. To have a 
system adequate for mesoscale studies in the Mediterranean, we 
have designed a complete new transmiter and direction finder that 
operates in the 430 Mhz band. 

The new buoys, that have the same external shape and size 
in order to keep their dynamic characteristics, have been essayed 
during a cruse in 1990 with excelent results. Since the frequency 
of operation of the new system is aproximatively the double of 
the early one, the size of the direction finding antennas has 
been reduced to the half, allowing a more easily installed on 
board. We also took benefit from two other facts: First, the 
receiver noise level at 430 Mhz is lower than the corresponding 
at 216 Mhz. Second, since the size of the transmiter antenna is 
also the half of the one used at 216 Mhz, we have been able to 
design an antenna with higher efficiency without significative 
increase in its length. The result has been a very important 
increase in the signal to noise level for the same power 
consumption of the buoys. The eff'ective range is actually limited 
by the Earth shape to 25 to 30 Kln. 
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Q.f Oceanography. Ref. No. 82-28. 
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On eddies formation in the Northwestern part of the Main Black Sea 
Current 

L.-A. KOVESHNIKOV 

Marine Hydrophysical Institute, Ukrainian SSR Academy of Sciences, Sevastopol (U.S.S.R.) 

The investigations of the different scales eddies are 
of considerable importance in modern oceanography. It is due to 
the important role which they play in oceanic processes. 
According to recent data the eddies formation in the region of 
t.he Main Black Sea CurrentCMBSC) by its meandering is a 
remarkable feature of the Black Sea circulation. Analysis of a 
large set of hydrographic data has identified the regions with 
intensive meandering of MBSC, which have the largest probability 
of eddies formation. One such region is t.he part of MBSC over 
the continent~l slope of the northwestern part of the Black Sea. 
It is known that there is a quasi-stationary anticyclonic eddy in 
this region. This eddy can be seen on AVHRR-IR images. 

This paper describes the thermo-haline structure of the 
anticyclonic eddy and its main parameters in detail, based on data 
from three hydrographic surveys in the northwestern part. of the 
Black Sea C October -December, 1 987). The distance bet ween the 
hydrographic stations was 20' at the latitude and 30' at. t.he 
longitude. The lime interval between t.he surveys was 
approximately one month. All dynamic computations were based on 
a common reference level of 300 m. 

The anticyclonic eddy was observed in the first and the third 
surveys; it was not observed in t.he second survey. Data of most 
interest were obtained in the third survey. These are described 
below. 

On the dynamical topography map the stream of MBSC and the large 
anticyclonic eddy CAE), e>:<' ~nding approximately 50 n miles at the 
longitude and 30 n miles at the lali tude, are seen clearly. 
Geost.rophi c vel oci t.i es of MBSC are upt.o 38 em/sec and those of 
t.he AE upto 30 cnVsec. The stream of MBSC was displaced to the 
south. The AE penetrated from the surface to a depth of 300 m. 

The sinking of the water inside t.he AE was considerable. The 
depth of the 8°C isotherm at t.he center of the AE was 170 m , and 
90 mat. t.he periphery. The depth of the 21 ppt isohaline was 190 
mat the center and 100 mat the periphery, while the 
corresponding depths of the 16 sigma-t. isopycnal were 170 m and 
80 m respectively. 
The difference between the temperatures at the center of the AE 
and its periphery changed sign with depth, due to the existence 
of the Cold Intermediate Water Layer CCIWU. Therefore t.he same 
eddy had both a warm core and a cold core, depending on the 
depth. 

In our case the temperature was higher from the surface t.o a 
depth of 70 m at the center of the eddy than at. the periphery. 
From 70 m to 300 m (depth of AE penetration ) the temperature was 
lower in the center than at t.he peri~hery. The lens of the coldest 
water vi th temperature less than 6. 5 C was found at the layer 80 
- 110 m at the center of the AE. 

Our observations show that the AE does not exist continuously in 
this region of t.he Black Sea. 

The mechanism, t.he condi lions of generation and development of 
anticyclonic eddies are the subjects of future investigations. 
However, it. is clear that t.he meandering stream of MBSC is the 
main cause of the generation of these eddies. Possibly, the 
meridiana! displacement. of the MBSC plays an important role. The 
stream, moving across the continental slope, is situated 
sometimes in the shallow waters and sometimes in the deep waters. 
The maximum of the AE development will be at. the deep watero:;, 
when the MBSC stream is si t.u!lt.!"d at its soulh0rn-most location, 
and the minimw., ,;,( ;.E development vill be at the shallow waters, 
vhen the stream is situated at its northern-most position. In 
the latter case t.he AE may vanish. 

The result of our present. investigation is in agreement with 
earlier observations of the existence of t.he quasi-stationary AE 
in t.he continental slope region of t.he Black Sea north-western 
part. 
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The Levantine water in the Tyrrhenian Sea double diffusion and 
basin scale mixing 

Robert MOLCARD 

laboratoire d'Oceanographie Dynamique et de Climatologie, Tour 14, 4, Place Jussieu, 75252 Paris (Franca) 

Double diffusive processes have now been encountered in many 
oceanic regions. They occur sporadically in space and in time and can 
increase the vertical diffusion coefficient by several order of magnitude. 
In this paper, an attempt is made to parameterise this micro-scale 
phenomena. The salt and heat fluxes, calculated from salt-finger theory, 
can be compare to the salt and heat balance in the Levantine Intermediate 
Water (LIW) tongue during its incursion in the Tyrrhenian basin, which 
offers a natural model to undertake such a study. Similar objectives have 
been pursued in the mediterranean out flow off Gibraltar (lambert & 
Sturges, 1977. Hebert, 1988). 

The Tyrrhenian sea is a semi-enclosed basin with a large opening of 
180nm in the south between Sicily and Sardinia. The average depth is 
1 OOOm with a deep channel of 2000m in the eastern part, communicating 
between Sicily and Tunisia with the western basin. In the northern part it 
is opened to the Ligurian sea, between Corsica and the italian mainland. 
The deepest passage, on the corsican side, only reaches 410m. 

Most of· the LIW which enters the basin following the sicilian cost, 
between 300 and 600m, is believed to return to the western basin with a 
southward flow along the sardinian cost (Garzoli & Maillard,1979). All the 
hydrological sections (from the presently available data base) achieved 
between Sicily and Sardinia indeed show two distinct cores of warmer and 
saltier water having respectively in and out geostrophic flow. Estimates 
of these flows are however strongly dependent on the chosen reference 
levels: Climatological data of the section have been inversed using 
Singular Value Decomposition method (Memery & Wunsch, 1989) in order 
to deduce more realistic values of the water, salt and heat fluxes through 
this section. 

It has also been shown (Molcard & Tait, 1977) that double diffusive 
processes of salt finger type (Williams, 1975) are present in the deep 
basin of the Tyrrhenian sea and are responsible for the large homogeneous 
layers separated by sharp interfaces observed in the region. Laboratory 
and theoretical investigations directed at estimating the associated 
diapycnal salt fluxes (Stern, 1976. Turner, 1967. Schmitt, 1988) lead to 
an estimate of the average vertical salt flux out of the LIW. 

The loss of salt and heat in the LIW during its incursion in the 
Tyrrhenian basin can therefore be compared to the expected loss due to 
double diffusion. Required time fo·r the necessary amount of salt and heat 
to be drawn out of the levantine water, according to the vertical salt flux 
deduced from double diffusion theory, is discussed in view of the expected 
renewal time of the LIW deduced from the in and out fluxes, and the 
present knowledge of the general circulation in the basin. 
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Heat budget plays an importan role in the dynamic of the 
oceans. Several studies on the heat exchanges between the 
atmosphere and the sea surface and on heat and water budgets can 
be found in literature, but only few works regard the heat 
storage in the Mediterranean Sea. 

In this work are presented some results which describe the 
geographical distribution of the heat storage in the first 100 
m. of Western Mediterranean Sea, based on climatological data of 
sea temperature. 

Data used come from the ENEA-CREA La Spezia (I) 
environmental data-bank. The WMTS (Western Mediterranean 
Temperature Salinity) data-set is made of about 12,000 TS 
profiles for the Western Mediterranean from 1911 to 1985 selected 
with a resolution of 0. 5 degree square to obtain monthly mean 
profiles. Vertical resolution is that of standard levels. 
Monthly heat storage in Jfm' is computed by: 

H= e Cp 2:1/2 [T(i)+T(i+1)] [Z(i+1)-Z(i)] 
L 

e = 1,027 Kgjm3 seawater density 
Cp= 1,487 JjKg"K specific heat capacity 
Zi= i-level depth 
Ti= i-level temperature 

The error assuming g and Cp constant is negligible compared 
with other sources of errors. Computation was performed for the 
0-100 m. and for the 0-300 m. layers. 

The annual trend of the monthly mean heat storage -in the two 
considered layers for the entire Western Mediterranean shows that 
most of the heat storage variation occurs in the first 100 m. The 
amplitude of the annual signal for the" 0-300 m. layer is only 
about 2% grater then the 0-100 one. Heat storage in the first 100 
m. ranges from a minimum of 5.9 109 Jjm 1 in March to a maximum of 
7.610 Jjm2 in September (Fig.1). 

The geographical distribution of the amplitude of the annual 
signal shows an high variability (Fig. 2). It can give an idea of 
the amount of the heat exchange in a region and it is in good 
agreement whit some general circulation schemas. Higher values 
(more then 2.6 109 Jjm1 ) are reached in the Algerian Provencal 
Basin; in the Alboran Sea, the inflow of Atlantic Waters ~akes 
the signal amplitude rather small (about 1.4 10'J;m1 ). Low values 
are also found in the Ligurian Sea and in the Gulf· of Lion (less 
then 1. 6 10 9 J jm1 ) • Here the maximum of the heat storage is 
reached in October instead of September as in the other regions. 
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Horizontal Circulation of the Eastern Mediterranean Waters during 

the Winter and Summer seasons 

M.-A. SAID 
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ABSTRACT 
The water circulation of the :b:astern Mediterranean at the free 

sea surface and at the 50, 100, _?00 and 500 db surfaces was compu
ted during the winter and summer seasons using the dynamic method. 
The reference level was taken at the 1000 db surface. The used da
ta were taken from 1_?_?8 hydrographic stations collected from seve
ral expeditions carried out by different countries during the last 
20 years (196.?-1982). 680 stations were collected in the winter 

season and 658 stations in summer {obtained from the Hydrographic 

Data Centre B, Moscow). Vertically unstable stations were either 

corrected for temperature or salinity or rejected if many levels 

of instability were observed. The average values of temperature and 

salinity of these collected data were computed, using the optimum 

interpolation of' the correlation algorithm, in stations distributed 

in a regular net one degree longitude by one degree latitude for 

winter and summer seasons. 
The :fulfilment calculations evidenced the considerable stabil

ity of' the geostrophic water circulation in the eastern and central 
basins of the Mediterranean Sea. The most existence features of' the 
geostrophic circulation during the winter and summer seasons were : 

the vast cyclonic gyre in the Levantine oea, enveloping the south

ern part of the Aegean Sea; the cyclonic gyre in the -Ionian Sea; 

and the anticyclonic gyre in the Libyan Sea and near the Egyptian 

coast. 
These main .features o.f the dynamic relie.f were also observed 

by several authors, and testified the stability of' the Mediterran

ean water circulation through long standing survey. However, some 

distinctions were obtained from the present work when comparing 

with the previous works. 
The geostrophic current velocity varied between 5-10 em/sec in 

the Libyan Sea, 15-25 em/sec near the Egyptian coast and between 

35-40 em/sec in the eastern part o.f the Levantine oea. A"t tile 

straits of Crete island, it reached 15-30 em/sec. Particular no

ticeable differences between the winter and summer surface curr

ent velocity in the eastern and central basins of the Mediterra

nean Sea were not found. 

Fig. ( 1 J. Dynamic relief (dyn. mm.) of the free sea sur.face 

during : a- winter and b- summer seasons. 

1- depression and 2- crest of the dynamic relief. 
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Calculation of Wind-Driven Currents in the Mediterranean Sea 

M.-A. SAID 

National Institute of Oceanography & Fisheries, Kayet Bey, Alexandria (Egypt) 

The average wind speed over the Mediterranean Sea is not more than 

6-7 m. sec - 1 • This wind causes a current at the sea surface with an av

erage velocity of about 5 em sec-1 (Ovchinnikov, 1966). The aim of the 

present work is to calculate the wind-driven current in the Mediterra

nean Sea, on the basis of Ekman 1 s formula, using Krasuck and Saoskan 1 s 

method (1970). The atmospheric pressure gradient, the curvature of the 
isobars and latitudes are the main parameters in calculating the wind

driven currents. 
The velocity of the wind-driven current according to the empirical 

correlation which depends on the wind speed W and the geographical la-

titude <P is given by : KW 
v - ----- (1) 

tJSin ~ 
The coefficient K represents the relation between the current veloc
ity and the wind speed. The transmission of wind energy to the sea is 

carried out by several processes. One o.f them is the energy transmiss

ion throughout the tangential wind stress, which is given by : 
z: = c .Jw2 (2) 

where, z:- wind stress, .)>- air density, w - wind speed, and c -· coef

ficient of tangential wind stress. The second process, is the orbital 

wave motion. In this case, the velocity of water particla (V') at the 

surface is given by : "!(H 
( ---- ) c 

L o 
0) V'a 

where, H - wave height, L - wavelength, and C0 - wave velocity. 
On the basis of the mentioned above, particularly the intercommuni

cation between wind, wave and currents, a monograph (Fig.1) was const

ructed by Krasuck and Saosk~ (1970) for simplifying the problem of 

short-term prediction o.f the wind-driven currents in the ocean. In or

der to select the synoptic situation which causes strong drift current 

at the sea surface, the weather charts o.f January, February and March 

for eight winter seasons were analysed (Synoptic Bulletin, 1970-197?). 
From these charts, the cyclons appeared during winter once or twice in 

a month. The more considerable pressure gradient over the Mediterrane

an Sea was observed during the periods 28-.?1 January 1975 and 15-18 

January 1976. Vuring these peric,u.e !::he atmospheric pressure in the ce"' 

ntres of the cyclons over the sea was less than 1000 mb (Fig.2). 

The obtained surface circulation pat

tern of the Mediterranean waters from 

the pure wind-driven current calculat

ion during the period of investigation 

(15-18 January, 1976) is shown in Fig.3. 

The calculated velocity values of the 

drift current are in general more than 

20 cm.sec-1 • The highest values (40-60 

cm.sec-1 ) are observed in the along the 

Libyan and Egyptian coasts and in the 

southern part of the Aegean oea. The 
lowest values (1Q-20 cm.sec-1 ) are ob-

served -i_p the Western Mediterranean and 
in the northern part Of the central ~ Fig.(1). '"'nogroph for calcu,tating the •ind-

d.rivtm currents. 
basin. (u.ft~::r Krssuck and Saoskan, 19'70). 

The obtained wind-driven ,. 
current scheme of the Medit- ,,r---~,.;-.~...;.....~::;......---=.:;.....~::::.....~~~~~~ 

erranean is agreable mostly 

with the previous circulati

on models based on either 

dynamic and/or numerical 

methods. 
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The presence of an intermediate water characterized by a secondary 

maximum of salinity in the Mediterranean Sea has a very peculiar phen

omenon. Regions of formation of this water mass have been already more 

or less identified in the Mediterranean Sea. Along the Egyptian Medit

erranean coast, the formation of this intermediate water mass was stu

died by Morcos (1972), who suggested that the area to the east of lon

gitude 29° E and west of Alexandria is a secondary source of formation 

of the intermediate water. In addition, Abdel-Moati and Said (1987) 

suggested that the area infront of Damietta is another region of form

ation. The aim of the present work is to identify more accurately the 

locations of the formation of this water mass on the Egyptian Mediter

ranean shelf and its spreading using the isopycnic analysis. 

The oceanographic data used were selected from several expeditions 

carried out by Egypt and different countries for the last 27 years 

(1959-1986). Water temperature and salinity data have been taken from 

145 hydrographic stations in winter. The average values of temperature 

and salinity of these data were computed, using the optimum interpola

tion of the correlation algorithm, for stations distributed in a regu

lar grid half degree latitude by half degree longitude for the winter 

season. 

Our study confirms the findings of Morcos (1972) and Abdel-Moati 

and Said (1987). Besides, a new source bas been identified which appe

ars as a region of salinity > .39.30 ~ (Fig.1) and a relatively high 

temperature > 17.00°C (Fig.2). The salinity distribution on the 60 • 
28.80 (Fig.1) indicates that the saline warm water flows away from the 

continental shelf to the northwest in a high-salinity tongue and it 

reaches the open sea with values as low as .38.95 ~o. This supports the 

suggestion of Morcos (1972) that more than one starting point represe

nting various sources of formation of the intermediate water mass of 

maximum salinity are present in the Levantine basin. 

The irregularties which appear particularly for the lateral salini

ty distribution west of 27° E (Fig.1) might be attributed to meso

scale noise in the data. In fact it needs more stress in the future 

work in order to get more clear picture of the thermohaline flow patha. 

26° 28° E 
Fig.1. Salinity (%o) on the 3 28.80 surface in winter. 

N 

J:f 

26° 28° ?/J0 

"'ig.2. Potential temperature on the 
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Contribution of the Rhone River water discharges to the dynamics of 
the Gulf of Lions in Autumn 1986 

Jordi SALAT" , Antonio CRUZADO"" and Michel PANOUSE••• 

"lnstitut de Ciencies del Mar, Pases Nacional sin. 08003 Barcelona (Spain) 
··centre d'Estudis Avanqats, Cami de Santa Barbara. 17300 Blanes (Spain) 

"""Laboratoire Arago, 66650 Banyuls de Ia Maranda (France) 

The Gulf of Lions (NW Mediterranean) was covered by two 
oceanographic surveys, Pelagolion I and II, at the end of summer 
and at the end of autumn 1986. The main objective was to 
understand the role of the Rhone river water discharges on the 
pelagic production in that region at different seasons. Every 
cruise consisted on a series of CTD+Rossette casts scattered in 
the Gulf with a very fine survey in the vicinity of the river 
mouth. In this presentation, the results derived from CTD casts 
are summarized and discussed. 

The main feature observed in the geostrophic velocity 
fields, obtained in both cruises (fig. 1), is the presence of the 
Liguro-Provenr;:al-Catalan current contouring the shelf break, from 
east to west, with a maximum speed of about 35 cmjs, 15 miles 
south of Toulon (6"E) at the entrance to the region. This main 
current is present at all levels. Part of the water entering is 
deflected towards the river mouth along the north coast and 
another part flows to the south, mainly in summer, forming a 
cyclonic eddy. The main flow is minimum in the central part of 
the Gulf and it is enhanced again at the exit, directed towards 
the so~th 15 miles east of Cap Creus (42"20'N) 

The main result concerning the dynamics is an anticyclonic 
eddy found in both cruises, in the nortwest quadrant of the Gulf, 
centered on ( 43 "N 3 • 30 'E). River discharges produce a thin low 
salinity surface layer spreading over the vicinity of the river 
mouth. This water is trapped by the eddy and reconducted towards 
the coast allowing a long residence time and mixing_ By this 
process, the initial thin surface layer of low salinity near the 
.river mouth is converted to an homogeneous body of dilluted water 
exposed to the local weather events in the coastal zone. This 
area acts as a reserve of the characteristic water type of the 
Gulf, one of the most important waters of continental influence 
present in the Western Mediterranean. For example, this reserve 
of dilluted water, after strong cooling in central winter, and 
spreading through the bottom of the shelf break, as described by 
Fieux (1974) may be one of the sources of the subsurface salinity 
minimum found along the Catalan coast (Salat· & Font, 1987) _ 

At the beginning of summer, Allain (1960) found traces of 
such structures allowing the recirculation of the dilluted water 
towards the coast. Therefore, by that season, the river runoff is 
usually much higher and the mixing layer above the thermocline is 
thinner than in autumn which allow a major spreading of surface 
low salinity layer as found by Castellon et aL (1985) in late 
spring. The summer observations of Millet (1981) show also an 
anticyclonic circulation in this area with local coastal 
upwelling events and downwelling in the center. 

On the offshore side of the main current appears another 
anticyclonic eddy centered on (42"10'N 4"20'E) which seems to be 
very persistent. This eddy is completely uncoupled with the rest 
and the water in this region is not affected at all by the 
continental influence. Probably this eddy will play a major role 
on the deep water formation process during winter. 

Figure 1- Geostrophic current and salinity fields at 10 m depth. 
a) at the end of summer 1986 b) at the end of autumn 1986 
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The bitter lakes between the past and present 
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The Bitter Lakes o! Suez Canal were characterised with layers 
of salt deposits o! about 13m thick.A!ter the opening o! the Suez Canal 
in November 1869, a salt barrier of salinity greater than 65 ~. was 
formed in the lakes which acted as an obstacle !or the migration of the 
marine organisms between the Mediterranean and the Red Seas. 

Four cruises were conducted in the Bitter Lakes during summer 

periods ( 1982-1986), to study water circulation, decrease o! salinity 
with time, and situation of the salt barrier in the lakes. Temperature, 
salinity and currents were measured at different depths. The mean water 
level during the same period was also obtained. 

A minimum salinity o! about 43.5 ~o has been recorded during 
the last few years. A difference in salinity values o! about 1.0 ~. is 
observed between winter and summer seasons in comparison w:l.th that 

obtained in 1966 (4.0 ~.).The water in the Great Bitter Lake circulates 
in clock- and anti-clock wis.e directions con!ormablf! with the tidal 

currents. Due to the prevailing north winds in summer, the water pUss 
up in the southern part o! the Great Bitter Lake, which generates all 

anticyclonic motion in the verical planeas well as drives :.a southward 
current depending on the amount of water !lowing from Lake Timsah, Lake 
Menzelah and the Mediterranean Sea. 

After the last deepening and w:l.dening of Suez Canal and Bitter 
Lakes in 1976, the evaporation potential is highly significant !actor 1A 
increasing the salinity of the lakes during summer. Such increase is 

estimated as 1.2 ~. • Finally, the salt bed is about to be exhausted 
and its effect on salinity is insignificant. The salt barrier which has 
been dominating for more than hundred and twenty years is going to be 
disappeared. Presently, the migration of the marine organiBIIIS between 

the joined seas can occur occasionally at any time without any osmotic 
problem. 
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Dynamical modal analysis for the Coastal Seas around Turkey 
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The hydrographic data collected in six surveys of R/V Bilim 
in the Black Sea (85), the Sea of Marmara (MS) and the Northern 
Levantine Sea (NLS) during 1988-1989 are used to perform the 
ve~tical modal analysis. Utilizing the Brunt-Vaisala frequency 
(N ) and geopotential anomaly profiles obtained from averaged 
density field over the region, the relative contribution of the 
dynamical modes to the observed field of motion are determined by 
solving· the vertical structure equation for each cruise. 

The computed N2 profiles show that the BS, MS and NLS are 
characterized by distinctly different stratification properties. 

i~s!~e N~~r:;;~e:h~i~~~:;rp;:~;~;e 1::9~ ;::-~:;;rs~;:r;;~::;ion 
comprising the upper layer of 150m with substantial density 

:~!:t;~~=· an~;h:u!;~~r a~~n=~~~e~~~e;:~~l=~~::Y n~1;;;;a~i~~~n 
the uppermost 20-30m in response to seasonal thermohaline 
forcings. The stratification observed in MS for the winter (March 
1989) and summer (September 1989) reveals even stronger two layer 

:!~~~;~re w:i~~t: ~~:? t~:~~i~~: ~; ~~mi:e~::a;;~!r t~; :::~~tude 
~~:~~~r t~~a ~i~~~~e (~~~c~h~ 9:j a~~ ~;:.~~S (~~l~h~ 9~~~i ~~r;;~;~~es 
have substantial differences. The summer case reveals a surface 

!~~r t~f 8~~~i t~0:i:~~f~~~~q~~n~a;~=~~~!!~na~;a~~~t:;t:~:!~gon 
the other hand, possesses no seasonal variations and is governed 
by relatively small density gifferences in the water column as 
implied by small values of N . 

Modal analyses of the data show that the amplitudes of the 
first baroclinic mode in the Black Sea for both summer and winter 
seasons are confined to the surface layer and have zero crossings 
at 300m. The first baroclinic Rossby radius of deformation (Rl) 
is found to be 19 km in each season. The first and third 
baroclinic modes respectively contain SOX , lOX of the total 
available potential energy (TAP£) in summer although the first 
mode contains 92X of the TAPE in winter In NLS,. Rl is determined 
as 8 km and 11 km for the winter and summer cases, respectively. 

,., N~(cp~' ,., ··"" 

~7------------.-.------

D)'nQmical MO<les 

7 

" ~400 

o:~::=:=r=l 

Dynomico! ~ode:; Dynamical Modes 

The first barocllnic mode has a zero crossing at 400m and the 
second at SOm and 900m for the summer case. The first mode 
contains 90X of the TAPE. The winter analysis, however, reveals 
substantially different modal structure. The zero crossing of the 
first mode occurs at 950m and the second at 320m and 1320m. The 
first mode contains only 82X of the TAPE. 14X of it is found in 
the second barocllnic mode. The MS exhibits completely different 
modal structure. Rl is determined as 1Skm and 20 km for the 
winter and summer cases, respectively. The TAPE is partitioned as 
507. and 48X between the first and second barocllriic modes in the 
summer case. This partition occurs between the first three 
successive modes as 32%, 38X and 20X for the winter case. 

Rapp. Comm. int. Mer MMit., 32, 1 ( 1990). 



I 

O-IV16 
Some Aspects of Neutral Surfaces 

Athanasios J. THEODOROU 
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The deveiopment of the concept of a .. Q_E--utr~l surfacens.. 

A water parce·1 that moves adiabaticali·r r·ot::L::.ir.s 1ts original 
potential rl.E:r1si ty, despite changes i ~: j :.~ :: •!-si tu temperatL~r-e
and in-s:. t·u ~2nsi ty due to the pressLu-l~ c'·:.,-;ng~s. Thus, for en 
aporopri.:.}::;.¥~1::. defined reference press~;;c. 2 p:..:·tential densi·; y 
surface i~: et :_,._u-face of movement for ~·. t-r!·s~.de,1t water parcE'l; 
if the w.at.eu· js stable, any displacetne~">t: J:.,i the parcel from 
this sur·(ace=> wi 1 ·,_ bC counteracted by the b\.<oyancy forces .. 
However. t.n~ c:lef i ni ti on of the appropriate i sopycnal surf ares. 
on which t.:::1 .::-cllow the spreading of watet- r.:c:.sses in the oce,:.,.~ 
interior i:3 fc-.r: from straightforward. Tne variat1on of the 
in-situ density in the ocean is dominated by pressure effects, 
and due to the non-1 in ear- nature of the equation of state Clf 
sea-water-,. it is not satisfactory to defi,IL' density surface~ 
rel a.ti ve to any single pressure 1 evel. 

The idea of a "perfect" neutral surface. 

The concept of hydrostatic stability in the vertical direction 
can be e>~tended to the three-dimension-31 movement of a water 
parcel, and in particular to the surface of neutral buoyancy 
delineated by the locus of all pos'sible neutral paths of the 
parcel in question. 

Approximating a 11 perfect" neut,ral surface: Underlying Problems. 

Moving a parcel along a neutral surface implies the knowledge 
of the local water properties and in particular the variations 
of e and S with pressure. However, the oceanographic reality 
provides dc.ta at discrete depths of a ;,2b·mrk of stations, 
sometimes widely spaced. Thus some approximate approach is 
needed. Implicit in the preceding discussion are the problems 
of where to start a neutral surface and how to e:-:tend it. Any 
observation?} level (pA ,sA, TA> of an arbitrary !'reference 
station~ ?l, c.an be used as .a :-reference -level :o to start a 
neutral surface .. However!' if our objective _is to follow the 
spreading o·~ a particular water mass, then we should start it 
from a level, at which the presence of this water mass is 
established. The major problem in extending the neutral surf;oce 
is what reference pressure to use in calculating the densities 
to be compared; in particular, the in-situ density cannot be 
used due to the effect of the pressure. Thus, the selection of 
an 'appropriate'~' reference pre•ssure is crucial and reflects an 
ambiguity inherent in any method of e.pprc~·:il'hi.\~.:ing an "ideal:o 
neutral surface. Another problem in extending the surface is 
whether to use throughout the originally selectJ?d 'reference 
parcel', (SA, TA) or to redefine the latter from station to 
station. Related to: the last problem is the configuration of 
tt}e station-network avai 1 able. Some possi bi 1 i ties to overcome 
these problems exist. These and their respective utility was 
considered and the results obtained \'Jere sometimes widely 
different. This is probably due to the "reference parcel" 
being redefined between ~Ji del y spaced stations, with 
Contrasting thermohaline proper-ties. 

Effects of the compressibility dependence on the thermo-haline 
properties of a water parcel. 

To clarify the above statement a ~path-dependency' test w.a.s 
conducted, i .. e. a neutral surface was traced in a network of 
closely-spaced stations arranged in a closed ·!cop~ so that the 
r-.eutral surface in question was started 2.nd in the absence of 
~path-dependency!' was expected to return to the ~.:;a me 1 evel at 
the original sts,.':.tion. The re~,_:ts indicate that redefining a 
"'reference parcel!> from stat1urj to station in e;.~ter1ding a 
neutr"al surface does not, in general~ return the surface in 
question to its original level. This path-dependency is 
presumably an e>:pressi on of the inherent ambiguity concerning 
the depth (pressure) at which a neutral surface occurs~ and it 
is ultimately a manifestation of the dependence of th.;. 
(ctdiabatic) compressibility of sea-water on temperal:Ltre and 
salinity .. However, this problem can be circt..lmvented by the 
method proposed. 

Method proposed. 

A set of water parcels with observed temperatures and 
salinities can be used to start a set of neutral surfaces. The 
levels at which the adiabatic density gradients for each of 
these water parcels intersect the in situ density profile at 
each station in a data set determine the levels of each of the 
neutral surfaces at that station. The neutral sur-faces thereby 
defined were found to e>:hibit no path-dependency and their 
analysis has prOvided meaningful results:::o:.. 

Apol icat.ions. 

Data from the Medi tert"'anean Sea at"'e used to obtain a number of 
neutral surf;oces, which portray vi vi dl y the spreading patterns 
of the Levantine Intermediate water and also of the Deep water 
in the Eastern MediterTc.nean. 
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A Synthesis of the Levantine Basin Circulation and a Retrospective 

Review of its variability 

Emin OZSOV 

Institute of Marine Sciences, Middle East Technical University, P.K. 28, Erdemli, leal, 33731 (Turkey) 

A series of recent data sets from the Levantine Basin 

of the Eastern Mediterranean illustrate the complexity of 

its dynamics. The region is populated with synoptic 

and meso-scale dynamic features. Heteregenous water masses 

are generated as a result of highly variable atmospheric 

and thermohaline forcings. The sub-basin scale gyres 

are in close contact with each other, resulting in 

interacting, basin-wide turbulent features. The pattern 

of bifurcations of the mid-Levantine jet is variable on an 

interannual basis, in relation to the the evolution of the 

general circulation in the multiply connected domain. 

Secular qualitative variations can be detected in the 

general circulation patterns derived from the set of 

recent observations. The flow encircling Cyprus is 

partially blocked in the first phase of the experiments. In 

later surveys, the Cilicia and Lattakia basins are flushed 

with new water masses carried in the cores of incident 

eddies, and the pattern of basin-wide circulation is 

modified, with a major part of the mid-basin jet flowing 

coherently along. the mainland coasts and cyclonically 

around Cyprus. Based on these results, the general 

circulation of the Levantine Basin appears considerably 

different and more complex than the traditional 

descriptions of it. 
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Circulation and mesoscale phenomena in the Algerian Basin 
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The l!ediprod 5 experiment was carried out in 1986-1987 in order 

to investigate the Algerian Basin • s dynamics between 0° and 5°E in the 

light of new hypotheses (l!illot, 1985, 1987-a,b). This experiment was 

mainly based on a one-month campaign (June 1986) during which were col

lected •100 CTD casts (0-800m) and on current-meters set in place on 8 

moorings at depths of 100m, 300m, 1000m and sometimes 2000m for a 9-

month duration. 

All the a-s diagrams display the classical Mediterranean a-s form. 

lle have focused our attention on the Mediterranean llinter llater (Mllll, 

formed in the north-western Mediterranean Sea and characterized by a a 
minimum) and on the Levan tine Intermediate Water (LIW, formed in the 

Eastern Mediterranean Sea and characterized by relative maxima of a and 

S). It is first interesting to note that, in agreement with previous au

thors, relatively low amtn of 12.63-12. 70°C were encountered in the 

western Algerian Basin; it is also in that specific region that we ha

ve found the overall (with respect to nearly the whole southern part of 

the llestern Mediterranean) lowest values of amax (z13.06°C) and Saax 

(d8.47), while the highest values of 9max (•13.45°C) and Sux (•38.57) 

we have encountered were within an offshore eddy (Millot, 1987-b) _ 

As most of the CTD casts were distributed along and across sec

tions in a •80km coastal zone, we have estimated mean across and alongs

hore gradients of 9mt n, 9max and Smax and of ~heir associated immer

sions; to seaward, 9max and Smax increase and 9min does not change, whi

le all these parameters increase significantly eastwards. During the Ju

ne campaign and during the 9-month experiment as well, the averaged cur

rents at all depths and all locations were directed eastwards. The hy

drological data analizes with the core method and the dynamical observa

tions are coherent, thus leading us to refine our circulation schemes. 

The first point is that both MWW and LIW, which flow southwards 

along the eastern Spanish coasts, are probably entrained from Spain to

wards Algeria coasts by the flow of Modified Atlantic Water (MAW). Then, 

MWll and LIW flow aastwards in the Algerian coastal zone and interact 

with the surrounding water masses; during this path, the coastal and 

well-mixed (it rounded along all the southern European coasts) LIW inte-' 

racts with the offshore and less-mixed LIW probably entrained from Sar

dinia towards the interior of the basin by mesoscale eddies. Therefore, 

the 9max and Sma x in the Algerian coastal zone increase eastwards whi

le LIW flows eastwards. 

Basic statistics, empirical orthogonal functions (EOF) and spec

tral analyses performed on the 9-month time series support the distinc

tion between a coastal and an offshore zones we have made in the pre

vious papers. Even if all the averaged currents are directed eastwards, 

the vertical structure of the mesoscale phenomena down to •2000m is com

plex in the coastal zone and quite similar offshore. It stands out from 

vertical complex correlations that the upper layers in both zones are 

roughly disconnected from the deeper ones; this result is supported by 

EOF because only one surface-intensified mode accounts for more than 

95% of total variance_ 

At lOOm and from West to East in the coastal zone, the averaged 

currents decrease while variance ellipses show broad fluctuations sligh

tly increasing, thus probably showing that energy transfer occurs from 

the mean towards the fluctuations. This result is consistent with satel

lite and in situ observations of eddies growing while propagating east

wards. 

Significant (99%) horizontal correlation between two records 

(mean currents of zlkm/day) collected at zlOOOm and dO km apart, gi

ves a mean phase speed of •5km/day. This value is supported by those in

ferred from spectral analysis (3-7 km/day in a 20-30 day band). This is 

also the value already deduced from i) the analysis of all the availa

ble infrared imagery and ii) our current measurements displaying a po

werful anticyclonic mesoscale eddy propagated from z0° (early July 

1986) to 5°E (late November 1986). 

Millot C., 1985: Some feature of the Algerian Current. J_ Geo
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nol. Acta, 10, 2, 143-149. 
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ter in the Algerian Basin. J. Geophys. Res., 92, C8, 8265-8276. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 

171 

O-V3 
Circulation in the Sporades Basin and Thermaikos Shelf (NW Aegean 

Sea) during the ECOAEGAI0-1 Experiment 
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•university of Neuchatel, 11, Rue E. Argand, 2007 Neuchatel (Switzerland) 
••National Centre for Marine Research, 16604 Hellinikon (Greece) 

Recent q11asi-synpotic hydrographic data collection, carried out during the 
ECOAEGAI0-1 cruise (June 1987), allowed the study of the spring circulation in the 
Sporades Basin and on the Thermaikos Shelf (Fig. I). 

Fig. 1 The investigation area (shaded) 

Shallow dynamic topography (Fig. 2a) shows the renewing of surface water. The 
surface circulation is globally anticlockwise throughout the study area. Intrusion 
of Aegean Sea water, from offshore, appears along the northern coastline of the 
basin. Pan of this water penetrates the shelf, while the rest flows southwestward 
along the slope. The current on the shelf is dominantly northeastward, and 
appears as a meandering flow directed by small eddies. Outflow of lower salinity 
waters, originating from large river inputs, takes place along the western 
coastline. 

23 24 23 24 

23 24 23 24 

Fig. 2 Dyn~ic topographies of a) 20 dbar relative to 100 dbar b) 200 dbar 
relattve to 1000 dbar c) 450 dbar relative to 1000 dbar d) 800 dbar relative to 
1000 dbar 

Deeper dynamic topographies show the circulation pallerns in the basin. The 
shelfbreak deP.th map (Fig. 2b) depict a sharply defined clockwise eddy in the 
southwestern part of the hasin. This gyre is roughly delineated by the 800 m 
isobath and remains clearly identifiable down to deeper levels (Fig. 2c and d). Two 
anticlockwise cells appear between the slope and the main eddy (Fig.2c and d}. 
These secondary cells are nestled in the canyon valleys, formed by the broad open 
slope that practically separates the basin in two parts. The circulation features in 
th~ ba_si.l ar~ found to be composed of different water masses and are persistent 
wah mcreasmg depth. Furthermore, they are believed to be constrained and 
generated by the boll om topography. 
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Mesoscale activity in the Catalan Current (NW Mediterranean) from 
May 1987 to December 1989 

Jordi FONT 

lnstitut de Ciencies del Mar (CSIC), 08003 Barcelona (Spain) 

In the frame of a research project on shelf/slope frontal 
dynamics in the NW Mediterranean (Spanish CAICYT PB86-0628), a 
current-meter mooring was maintained from May 1987 to December 
1989 near the shelf break off the Ebro delta (40°43'4"N, 1•21'34" 
E). This site has resulted to be representative of the general 
southwestward flow in the region (Font, 1990) and very close to 
an area where an energetic mesoscale filament has been described 
(Wang et ·al., 1988). 

One of the aims of this current study was to identify the 
occurrence of mesoscale events as perturbations of the general 
circulation in periods from 3 to 20 days. Aanderaa RCM7 current
meters were deployed at -15, -50 and -100 m with a sampling 
interval of 30 min. and an instrument maintenance about every two 
months. In total 85% of good data were recovered. 
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Fig. 1 Low-passed currents (33 h filter) at the three levels sub
sampled every 24 h, for the period 1 January - 31 December 1988 

A first estimation of the mesoscale activity has been done 
with the same method used by Taupier-Letage & Millet (1986) in 
the Ligurian Sea: the variance of the two components of the 
velocity vector has been calculated by 20-day periods shifted 10 
days, for the whole set of data. Low-passed and daily subsampled 
currents (fig. 1) were used for this calculation. 

The three levels show a similar behaviour during the three 
years of observations, especially the intermediate and deep 
current-meters. After a quiet summer period, a sudden increase in 
mesoscale activity takes place by mid October (fig.2) and is 
maintained until the end of December. During winter the activity 
slowly decreases and a secondary and narrower maximum appears in 
June. The filament observed by Wang et al. (1988) in 1986 would 
correspond to one of these short active periods. 
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Fig. 2 Mesoscale activity in cm2 ;s2 at -50 m for• the three years 
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Deep convection in the Levantine Sea 

1.-F. GERTMAN" , 1.-M. OVCHINNIKOV"" and Y.-1. POPOV" 

"The State Institute of Oceanography, U.S.S.R. State Committee of Hydrometeorology, Sevastopol, Odessa 
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"The Southern Branch of the P.P. Shirshov Institute of Oceanology, U.S.S.R. Academy of Sciences, Gelendzhik 
(U.S.S.R.) 

Thet·machal i ne anal ys1s o-f the deep water· the Eastet·n 
Mediter-~·anean shows (El-Gindy~ El-Din~ 1986) ~ that in their -format1on 
besides Adt·iatic and Cretan waters also pcu·ticipate the ~o..;atet· of t!:le 
Levantine Sea (5-15:~). 

Most of the favout·able conditions.. under· which the wi ntet· 
convection in the Levantine Sea can be developed down to gr·eat depths .. 
we~re occLn-ed in the J=;:hodos gyr-e at·ea. The centet· o-F eddy activity 
appeat·ed as a soLwse o-f the Llt.J fot·mation (Ovchinnikov~I.t-1.~ 

1983!11984}~ under· rnodet·ate winter- conditions in 1977 and 1982.and with 
the convection !Jli:-dng to be in the "pr-e-condition phase" <!'1EDOC Gt·oup 
1969) r·eaching the depths of 150-200m. f"!odeling o-F this pr·ocess showed 
that Ltnder more sever·e wi ntet· condl t ions. when in the centet- of F:hodos 
gyre the water· cooling t·each <=14deg. C~ the convection can be spt·ead 
down to the bottom pa.t"ticipating in the fot·mation o.f the Eastet·n 
Medi'tet·t·anean deep water· (Qvchi nni kov, Plachi n~ 1984). Field e:-.~per iment 
on the boar·d o-f f;:/V "Jacob Gakkel". dtwing mor-e severe wintet· 
conditions 1987 ~ con-Fi t·m the numer· ical computat ior1 t·esul ts (Ge!·tman~ 

Popov, Tt·igoup, 1987). 
Befor-e the time o-f OLW -field works. atActic air· invasion occLwed 

-From 2 to 5 Mar·ch 1987 in the Fl:hodos gyr·e area. Then, dLlt"ing the -flt·st 
phase of the sampling pet-iod (7-23 M<n·ch 1987), tr.e nor·th-.. estern ait· 
(with speed up to 20m/sec) pt·edominated with the Ta-Tw to be vat-·ied 
from 4 to 10 deg.C. At the same time the daily (13/311987) ma:<imum heat 
loss in the area o-f Rhodos gyt·e reached the value of 76 Mjoule/ml. .. 
Similat·ly at the MEDALPEX e:<periment (Mar-ch 1982), during the deep 
watet· formation 1n the westenl basin, the ma>~imum heat loss was 60 
Mjoulelm' (Vakalyuk, Gudz, Popov, 1987). Thet-efor-e more gr·eate..- heat 
loss -Ft·om the sea sLn--Face, dut·ing the arctic air invasion in the ~:hodos 
gyre area (2-5/3/1987) ~ r·esLtlted the fot·mation of the SLtt·face cool 
<14deg.C) and dense ( 29.25) water· which excessed the density of the 
water layer below them (29.20}. This caused an active convection mi:-dng 
down to 700m <Fig.!)~ cot·r·esponding to the "enet·getically mi>:ing 
phaseu. During this phase the dense water was sunk along of the -fot·med 
watet- dome, while in the center o-f the water- dome!! water· f~·om the 
intermediate layer· was raised to the sLwfac:e. In the moment of the 
field sampling, less saline water· <38.8-38.9) t·aised -ft·om the 
intermediate depths to the SLtt'fac:e and r-estored the stt-atific:ation in 
the SLlt'fac:e layer. Thet·efot·e in the layer- ·below it the convection 
mixing turned into the phase of "sinking and spreading". 

Comparision o-f the observations~ sampled one month aftet· (dur-ing 
the ·second phase <16-23/411987) with the t·esLtlts sampled during the 
-First phase, showed that the t·estoration of the thermoc:haline stntc:ture 
in the area of the water dome occ:ured mainly from the horizontal 
t_urbulenc:e and the gradually density stratification in deep layers. The 
changes which observed during the one month period, pet·mit us to assLtme 
that the complete disapper-anc:e of the watet· dome may oc:cw-ed in t!;e 
-following 2-3 months, up to the middle of.the summer. 

We have to mention .that the deep convection iri the ~:hodos gyr-e 
area ( down to 800-1000ml obset-ved also during winter· 1989 and 1990. 
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Estimation of covariance fields in the Ionian from P.O.E.M. Data 

N. PINARD!" , K. NITTIS .. , A. LASCARATOS"" , A. THEOCHARts••• and G. KORRES"" 

•tMGA-CNR, Via Emilia Est, 770, 411 00 Modena (Italy) 
··Department of Applied Physics, University of Athens, 33 lppocratous St., 10680 Athens (Greece) 

•••National Center for Marine Research, Athens (Greece) 

We present an extens1ve analysis of hydrological data in the Northern Ionian 
Sea. This data set merges italian and greek data sets from the POEM-V-
87 general circulation survey of september 1987 and covers the Northern 
Ionian Sea as shown in Fig. 1. The goal of this study is to calculate the 
covariance matrices for various physical fields such as temperature, salinity 
and dynamic height. 

The data set consists of about 150 stations of CTD casts which were used 
to calculate the dynamic height profiles at 11 standard depths (5, 30, 75, 
125, 175, 250, 400, 600, 800, llOO and 1650 meters) referred to 2000 meters 
(or about the average depth of the region shown in Fig. 1 ). These standard 
depths were chosen because they reproduced the continuos dynamical mode 
eigenvalues for the first four modes whithin a few percent of accuracy (first 
, second and third Ross by radii of deformation are 11.4 km, 5.8 km, 3.9 km 
respectively). 

The dynamic height covariance matrices show a well defined correlation 
scale which decreases with depth and is shaped elliptically, with the ratio 
of minor to major axis encreasing with depth. In Fig. 2 we show a 600 x 
600 km2 domain of contoured covariance function for the 250 m level, in 
the middle of the Levantine Intermediate Water (LIW) layer. The data 
have been binned into 75 x 75km2 bins since the nominal station spacing 
is half a degree of latitude and longitude. The covariance function has a 
larger zonal than meridional scale at all levels below 30 meters indicating 
the presence of a large scale trend and the tendency for the motion to 
be highly correlated in the zonal direction. Despite this anisotropy we 
calculated the decorrelation scale, a, and decay scale, b, of the covariance 

function as if it was a perfect circle and decaying as a gaussian function. 
We estimated that a = 150 km, b = 100 km at 5 and 30 m; a = 120 km, 
b = 80 km at 75 m and a= 90 km, b = 60 km at all the remaining levels. 
Furthermore we note that the covariance matrix shows secondary peaks at 
some of the LIW levels indicating the presence of multiple scales in the 
field. 

Fig. 1 
Fig. 2 
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The salinity, S, and temperature , T, covariance matrices are similar 
between themselves in the LIW and deep layers but not at the surface 
where the salinity shows a larger decorrelation scale with respect to the 
temperature field. Below 250m. and above 600 m, the T and S covariance 
functions are elliptically shaped with the major axis oriented in the NE-SW 
direction while the dynamic height covariance has its major axis aligned in 
the zonal direction. This indicates that salinity and temperature effects 
are compensating at these levels where LIW is present. Below 600 m the 
T and S covariances become similar to the dynamic height ones, showing 
the alignement of their major axis in the zonal direction. 
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Does the Almeria-Oran Front disappear sometimes? 

Jordi SALAT. Arturo CASTELLON and Jordi FONT 

lnstitut da Ciencies del Mar, P. Nacional sin. 08003 Barcelona (Spain) 

One of the most important fronts in the Western 
Mediterranean is the well known Almeria-Oran front, in the 
eastern limit of the Alboran sea. It has been described by 
s·everal authors (see Tintore et al., 1988, for a synthesis on the 
subject) as the western limit of the Mediterranean waters at 
surface (5>37. 5). It can be traced not only by the important 
salinity gradients but also by temperature, fluorescence, 
nutrients, and, of course by the density. This properites 
contribute to the possibility to see this front markedly by 
satellite images (infrared or visible) . 

This front is a dynamical feature over all the surface layer 
up to 150-200 m depth but sometimes, due to the intense 
thermocline in summer, it can be hidden below, while in winter, 
the surface signature of the front appears clearly. 

With this j:>ackground, a cruise was planned for March 1990 to 
do an intense study of the front: CTD stations, XBTs, two 
current-meter moorings, TS, fluorescence and Doppler current-meter 
underway measurements, and AXBT fl yghts. The cruise was done from 
5 to 21 March 1990. Unfortunately, the area was only covered 
partially because the bad weather conditions did not allow us to 
work for many days and only one of the planned flyghts was 
successful. The current-meters are still there and they will be 
recovered next month. Nevertheless, the whole information still 
has some sense and we present here a summary of the "very hot" 
first results, three weeks after the end of the cruise. 

The main result was that the front was not there. No 
important gradients of density were found and surface, salinity 
was everywhere neatly lower than 37.5 (fig. 1). TS diagrams show 
always the signature of the Atlantic water over all the region. 
The continuous underway TS analysis in the way back· to Barcelona 
showed high salinities only north of the Eivissa channel 
( 3 8" 3 o 'N) and only the stations in this channel did not show the 
signature of the Atlantic water. The field of doppler measured 
currents and the geostrophic calculations show the main path of 
the Atlantic water coming from Gibraltar (fig. 2) which is very 
similar to the classical picture obtained by Lanoix (1974) in 
summer. 

It is still too early and the information obtained in the 
cruise needs a more detailed study to draw some conclusions on 
this results but some idea can be expqsed now. The winter 1990 
has been very warm and water remained stratified in temperature 
(in most places temperature was over 15 • c in the first 50 m, 
which indicates that this was not a recent warming of surface 
water but that winter processes were not strong enough to delete 
the last summer stratification). Under these circumstances, the 
Atlantic water had been spreading over all the region during all 
the winter while the Mediterranean water remained in depth. 
Bearing in mind this situation, we can see a conspicuous front 
near Cape Gata (fig. 1) which separates the most recent Atlantic 
water from the older one. This particularity is corroborated by 
the TS diagrams of the stations in its vicinity (fig. 3). This 
remainder of front can be the "seed" of the Almeria-Oran front. 
By mid April a French cruise will be done in· the area and we will 

if this new information can help to be more concludent. 

Figure 1. Salinity distribution 
at 10 m depth 

Figure 2: Dynamic height and 
Doppler measured currents at 
10 m depth 

Figure 3. TS diagram of stations in the vicinity of the front. 
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General features of the Ligurian current inferred from the PROLIG 2 
experiment 
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This paper presents the analysis of current meter data collec

ted in the core of the Ligurian current on 4 moorings at depths of 

lOOm, 400m and between 800 and 1950m (PROLIG 2 experiment; May-De

cember 1985). 

Basic statistics (standard deviations, time scales, vertical 

complex correlations and spatial correlations) show differences at 

lOOm between the May-September and the October-December periods; du

ring this second period, the space and time scales of the structu

res decrease while the standard deviations increase. Spectral esti

mates were also calculated from one-month time series divided into 

3 non-overlapping pieces; from this analysis, it appears that cer

tain current fluctuations mainly occur from October to December, in 

agreement with satellite infrared observations. These differences 

linked to the seasonal variability of the Ligurian current. 

EOF analyses performed at each mooring show that only one 

de accounts for z 95% of the total variance; this mode, which is 

surface intensified, is such that the currents at all depths are 

roughly along the principal directions. 

At lOOm, the time scales of the u components (major axis) are 

4-10 days during the first period and z 3-6 days during the se

cond one while those of the v components (minor axis) are z 3-5 

days during both periods. Spectral analyses, presented in the ener

gy-preserving aera form, show that the u components at all depths 

display broad maxima at z 10-20 days and z 3-5 days all year long; 

the first frequency band is not evidenced on the v component's for 

which the amount of energy in the " 3-5 days band at 100m is lar

ger than for the u component. These two bands probably correspond 

to different types of instability of the Ligurian current. 

Coherences on the vertical in the z 10-20 days band are sligh

tly significant at 95% only between some pairs of records. At all 

locations and over the whole water column, the u components show 

high (significant at the 95% level) vertical coherences in the ran

ge ::: 4-5 days with almost zero phase lags, while no significant co

herences are computed for the v components_ Therefore, the fluctua

tions of the Ligurian current, which are clearly characterized by 

periods of "' 10-20 days and "' 3-5 days, have relatively complex 

structures on both the vertical and the horizontal. 

Correlations between moorings located " 5km apart in the 

alongshore direction indicate that the velocity fluctuations propa

gate with a mean velocity of z 10 km.day- 1 . Cross spectra between 

these moorings provide significant coherences in the two above-men

tionned frequency bands. For the lowest frequencies (z 10-40 days) , 

the phase speeds are roughly ::: 3-9 km. day- 1 . In the other band (::: 3-

5 days) these phase speeds are ::: 9-15 km.day-1. 

We complete theses analyses with satellite infrared images 

and applications of simple analytical models to provide a new in

sight on the Ligurian current's dynamics. 
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Circulation patterns in the region of the Western Cretan Straits 
and water mass distribution and exchange between the Aegean and I on ian 
Seas, in late sununer 1987, are presented. The results are based on 
hydrographic and current measurements obtained on board R/V "Aegaio" 
in the framework of the POEM-5-87 major cruise. CTD data from 47 sta
tions in the SW Aegean and Eastern Ionian are combined and discussed 
with current measurements from two maori ngs placed at Antiki thira and 
Kith ira Straits. 

The surface layer is mostly occupied by waters of high salinity 
(38. 90-39. 26) with an except ion in the NW Cretan Sea and Antikithira 
Strait, where waters of relatively lower salinity (38.85) are 
detected, ·coming from the N and W Aegean. The LIW occupies a thick 
(600-800m) intermediate layer on the Ionian side, while on the Aegean 
side waters of the same characteristics can be detected down to the 
bottom (1300m). The Deep Water of the Eastern Mediterranean is present 
only in the Ionian below 1200m. 

The surface dynamic topography relative to 500dbars reveals: 
(i) a large but relatively shallow cyclonic eddy southwest of Crete; 
(iiJ the large and deep anticyclonic gyre. named "Pelops", southwest 
of Peloponnisos; (iii) an anticyclonic flow surrounding the islands of 
the Kitherian Straits and influencing the surface circulation in the 
Straits; and (iv) a cyclonic flow region in the western Cretan Sea. 

Branch of the AW coming from the western Ionian and propagating 
towards the Levantine Basin is recirculated in the Ionian by the large 
cyclone SW of Crete. Portions of this AW are transfered by the exist
ing anticyclone into the Aegean through the Kithira Strait. The 
"Pelops" anticyclone, on the other hand, entraps the core of the LIW 
and carries it in deeper layers ( >500m). 

Through the Antikithira Strait a surface (0-80m) outflow from 
the Aegean to the Ionian is indicated by both the geostrophic calcula
tions (figure) and current measurements. The surface geostrophic velo
cities reach 30cm/sec while at 50m depth the geostrophic and cur
rentmeter velocities show the same values, 12-15 em/sec. At the South
ern part of this strait in intermediate ( 300m) and deeper ( 700m) 
layers a rather weak inflow is observed with velocities decreasing 
with depth and ranging from 8 to 2 em/sec 

In the Kithira Strait an inlfow at surface is detected. The cur
rent measurements performed at the Aegean side of the strait show 
intermediate and deep currents with a westward component more pro
nounced. Velocities range between 5 to 10 em/sec at 300m, while at 
700m they do not exceed 3 em/sec. 

Apart from the above described flows through the Ki therian 
Straits, which correspond to the period of CTD measurements. a tempo
ral evolution of current regime is derived from the long-term 
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(25/9-15/11/87) current measurements. The directions of the currents 
most of the time were steady during this period. f\,t Antikithira Strait 
currents at 50m have a westerly direction with mean velocity 9 em/sec. 
at 300m NNE direction with mean velocity 5.5 em/sec while at 700m a 
SSE direction with mean velocity 3cm/sec. The. above directions indi
cate continuous outflow at surface, weak outflow in deep layers and 
inflow at intermediate depths. At Kithira Strait (Aegean side) the 
intermediate (300m) and deep (700m) current measurements show that 
currents follow the bottom topography having a constant SSE direction 
and mean velocities 5.5 and 2 em/sec respectively. 
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Atlantic Water in the Northeastern Ionian Sea 
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INTRODUCTION 
THE ATLANTIC WATER <AWl that flows into the Mediterranean Sea. 
through the Strait of Gibraltar, is recognized by its · 
relatively low salinity. The spreading pattern of the AW in the 
Eastern Mediterranean is not unambiguously documented -see 
inter alia MALANOTTE-RIZZOLI, HECHT (1988l; and also, OZSOY, 
HECHT and· UNLUATA (1989l. In the Ionian sea, the AW has been 
known to occur intermittently (HOPKINS; 1978l. When it exists. 
the AW stands out above the more salin~ waters of Levantine -
origin (WUST; 1961}. Occasionally, the AW itself is partly 
overtopped by the rel ati vel y warmer and more saline surface 
water-· <SW); and, in this case, its signature is a subsurface 
salinity minimum. The northward propagation of the AW in the 
Ionian Sea, especially under strong southerly winds, extends to 
the Strait of Otranto <HOPKINS; lac. ci tl entering the Adriatic 
as a surface inflow~ via the eastern side of the Otranto 
Strait, in winter c(OVCHINNIKOV; 1966l • In this paper the main 
objectives will be to delineate the extent of the Atlantic 
water influence on the water masses and circulation in the 
northeastern Ionian Sea, and estimate its penetration in the 
Adriatic Sea, during late winter early spring 1986 .. 

DATA AND METHODS 
CTD data wer-e collected by R.V. 11 AEGAION 11 at 22 stations in the 
northeastern Ionian Sea, during POEM-01-1986 Cruise !15-24 
Apri 1 1986). The data were subjected to conventi anal methods of 
analysis. 

RESULTS AND DISCUSSION 
Distribution of characteristics at the surface 
In the northern part of the study area, rel ati vel y heavy water 
is flanked by lighter water, which is consistent with a 
cyclonic movement. In the southern part, the closed isolines, 
separating relatively lighter water in the centre from heavier 
water at the periphery, stand out. This is indicative of 
anticyclonic motion, and induces a horizontal corivergence at 
the surface and a divergence at depth, so that vertical motion 
<sinking) would occur in the centre. 
Isopycnal Surface Analvsis 
The analysis rests on three isopycnals that have been chosen so 
that to cover spatially the entire range of AW presence within 
the study area. 
Tooographi es 
On the uppermost surface, the small differences in depth do not 
give much indication of the direction of the flow. However, on 
the deeper surfaces, over the northern part of the study area, 

there is a mild downward slope in a manner· wllit:h indicates, 
assuming geostrophy, a weak cyclonic flow relative to the 
deep.er water. The same topographies provide also, under·· the 
aforementioned assumptions, an anticyclonic flow in the 
southern part of the study area. 
Salinity distribution 
At the southernmost part of the study area interpenetrating 
tongues occur, which might indicate an anticyclonic circulation 
in this part of the study area, in agreement with the dynamic 
inferences from the configurations of the topographies of the 
same isopycnal surfaces, and also from the distribution of the 
properties at the sea-surface. 
Water Mass Analysis 
The spreading P?ttern depicted by all the charts, (showing the 
percentage concentrations of the main water masses on each of 
the isopycnal surfaces considered), corresponds closely to 
that inferred from the analysis of the salinity distribution on 
the same isopycnal surfaces, and demonstrates the extent of the 
influence of the AW in the northeastern Ionian Sea. 
It is evident that the major influence of the AW is mainly 
restricted within the area of the inferred cyclonic flow, 
whilst its influence is being diminished southwards, being 
practically absent from the area of the deduced anticyclone. 
Geostrophi c Fluxes 
The geostrophic circulation pattern indicates the presence of a 
cyclonic flow over the northern part of the study area, ( with 
which the largest transport of AW is associated>; whilst in the 
southern part of the study area, the circulation connected with 
the area of maximum steric height yields an anticyclonic flow, 
(transporting negligible amounts of AW>. 

CONCLUSIONS 
CTD data, collected in the northeastern Ionian Sea during 
late winter/early spring 1986, are used to identify the extent 
of Atlantic water (AWl influence on the water masses and local 
circulation. It is shown that a major portion of the AW stream 
is fed by the cyclonic circulation, which occurs north of 
37°30"N, into the Adriatic Sea; whilst only '! negligible 
fraction thereof participates in the large-scale anticyclone 
which dominates the area south of 37°30" N. 
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An essential characteristic of a mathematical model is its aacza>acy, 

i.e. its ability to reproduce reality in the framework of the model's objectives. 

In this regard, one must make a distinction between diagnostic modeZs which 
emphasize accuracy in state space and metagnostic modeZs which emphasize 

accuracy in physical space. 
A diagnostic model is generally devised to investigate, in details, parti

cular mechanisms, scrutinize the beh~viour of the specific state variables 
and elucidate fundamental questions. Very refined in its representation of, 
sometimes, rather subtle processes, it may be content with very crude approxi
mations of the physical world -(constant depths, rectilinear coasts, infinite 

ocean,. steady two-dimensional fronts, rigid sea surface ••. ). 
A metagnostic model, on the contrary, is in general called upon to tackle 

a practical situation and may not ignore the real field conditions (depths, 
coastlines, actual atmospheric forcing ... ). Its aims however is to assess 
the consequences of particular events and provide the marine nowcasts and 
forecasts which will assist interdisciplinary field studies, planning and mana

gement. The model must be sound, expeditious and efficient. but is not requ.ired 

to provide detailed information on the delicate machinery subtending its para

meterization schemes. 
From a purely scientific point of view, of course, the distinction is 

meaningless. Processes must be studied thoroughly using models of increasing 
sophistication and real ism, converging to a truly prognostic modeZ. 

However the convergence is generally slow (It appears to have been parti

cularly stagnant, in fact, in the case of the Western Mediterranean's General 

Circulation). 

Modellers participating in huge interdisciplinary research programs may not 

be satisifed, in answering. the biogeochemists' questions, with current, tempe
rature, salinity ••• fields calculated in a hypothetical square box rigid ·lid 
ocean. The answers must be realistic and require the operation,· on a routine 
basis, of a system-oriented (as opposed to process-oriented)· metagnostic model. 

In illustration, the Gf!ER metagnostic model developed and run for the 

study of the Western !1editerranean's General Circulation in the scope of. the 

EEC EROS 2000 Project is briefly described with emphasis on the parameterization 

of sub-grid sea 1 e processes. 

It is shown that the model reproduces well the main trends of the general 

circulation and evidences essential synoptic processes such as deep water 

formation, coastal upwellings, gyres •••• 

The model, tuned in to diagnostic modelling, is then applied to process 

studies, jointly and severally with the LODYC diagnostic model in the scope of 
the EEC Euromodel Project. 

It is shown how parallel diagnostic and metagnostic simulations can 

improve, continuously, both types of models ; diagnostic studies providing 

useful information to improve the mathematical representation of dominant 
processes, metagnostic nowcasts and- forecasts supplying realistic boundary 

conditions by which one can progressively· free oneself of the rigid wall 
box-ocean 1 imitations. 
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O-VI2 
The numerical simulation of the month to month variability of the 

Western Mediterranean's Circulation 

Jean-Marie BECKERS 

National Fund of Scientific Research Belgium, GHER University of liege, B 5 Sart-Tilman, Ulg., 4000 liege 
(Belgium) 

The GHER 30 primitive equation model uses as state va.riablcs the velocity vector u. 

temperature T, salinity S, turbulent kinetic energy k and a generalized "pressure" q. By means 

of the usual Boussinesq approximation and the assump:ion of hydrostatic equilibrium, the 

primitive equations are then transformed by an original twofold vertical coordinate change 

(BECKERS 1988). The resulting equations in the transformed space are then (buoyancy 

b ( T , S) is used for this presentation) 

o (- L
2
oHu) _ -·-H\Jq+-_- v-

2
-_- +'V·{r<V(Ht1)} 

ox 3 H ox3 

oHb _ _ o _ 
--- + \J·(H ub) + -_-( H u 3b) = 

ot oxe~ 

( 1) 

(2) 

0 H k - 0 ( -II 0 H 11
2 

- b 0 b ) -_-+\l·(Ht1k)+-_-(HT13k)=H v - -A.-
ot ox3 o~·3 ox3 

(3) 

The numerical scheme used is a finite volume scheme designed for an efficient time stepping 

(based on the mode splitting technique) on a vector computer. The model has already been tested 

under rather crude boundary conditions but has simulated successfully the deep water formation 

in the northern basin of the Western Mediterranean Sea (J.M. BECKERS and J.C.J. NIHOUL 

1990). Indeed, the non-linear model indeed is based on a turbulent parameterization allowing 

strong vertical mixing when hydrostatic instabilities occur. The k - I turbulence closure scheme 

is also adapted to simulate mesoscale turbulence not resolved by the general circulation model 

and special care is taken of the mixing associated with the mesoscale wind field. The need of 

appropriate boundary conditions is readily seen and the ~imulation of the month to month 

variability is only possible under the condition that these atmospheric data are available, especially 

for turbulent quantities like turbulent kinetic energy k on Fig. I. 

KINETIC TURBULENT ENERGY 

Fig. I. 
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O-VI3 
Data assimilation of the Eastern Mediterranean climatology using the 

adjoint method applied to the GFDL circulation model 

A. BERGAMASco• and P. MALANOTTE RIZZQU•• 

•1stituto Studio Dinamica Grandi Masse-CNR, San Polo 1364, 30125 Venezia (ltalia) 
"MIT. Center for Meteorology and Physical Oceanography, Department of Earth, Atmospheric and Planetary 

Sciences Cambridge, MA 02139 (U.S.A.) 

The objective of mcxlel fitting is to find the mcxlel state 
mimnnZ1ng the misfit between the data and their mcxlel 
counterparts. The best fit is determined by the values of the 
independent variables that minimize the cost function. This 
technique was applied to assimilate the Eastern Mediterranean 
climatology in terms of wind stress field, termperature and 
salinity distributions. 

The GFDL general circulation mcxlel was adapted to the 
Eastern Mediterranean with 0.25 degree of resolution and 17 
vertical levels, and coupled with the adjoint version of the same 
mcxlel in order to fit the mcxlel to data to have a steady state 
solution. 

The output fields of velocity, temperature, salinity and 
streamfunction are compared with the ISIG1 multilevel mcxlel 
spinup. 
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O-VI4 
Stratification effects on the wind-induced currents in the Northern 

Adriatic 

Mario BONE and Gordana BEG 

Institute of Oceanography & Fisheries, Split (Yugoslavia) 

ABSTRACT 

Three-dimensional multi level model has been used to examine 
summer stratification effects on the currents induced by scirocco 
and bora L~-linds in the northern Adriatic. Persistency of motions 
has been observed in the stratified fluid. 

L'effet de l'intluence de la stratification d'IH:6 aur lea courants induits par 
lo Soirocoo et la l:>ora, vents du Nord dB la Mer Adriat1que, eat OK&IIIin6 A l 'aide du 
modllle tridimenaionnel, On a ol:>serve la pereistance dee mouvements du tluido 
atratif16. 

The passage of cyclones over the Adriatic Sea is 
characterized by scirocco and bora winds which cause 
characteristic flow patterns well studied for homogeneous winter 
situation. A number of papers have recent! y appeared reporting 
numerical modeling studies of wind-induced currents in the 
northern Adriatic during the winter.. Two basic . approaches have 
been made. The first one is based on the vertically ;;veraged 
equations (Stravisi, 1977) and the second one on the 
three-dimensional spectral Heaps model ( Kuzmic and Orlic, 1987, 
Or lie et al, 1986). Both methods are unable to include the effect 
of stratification,. so to do that we must use three-dimensional 
multilevel model with equation of continuity of density. 

During the summer the Adriatic region is under the influence 
of subtropical high pressure and only its northern part feels the 
influence of the cyclonic activities. In this paper we will 
e}:amine t.he influence o:f summer stratification on currents induced 
by sci rocco and bora winds in the northern Adriatic. 

The model used in this paper is based on: (.1) momentum 
equations including local change of velocity,. Coriolis force,. 
gradient force in Boussinesq appro:<imation, vertical stress and 
horizontal stress, (2) equation of continuity of density including 
advection and turbulent exchange, (3) hydrostatic equation and 
(4) equation of continuity for volume. The Bowden relation is 
taken to describe horizontal dependence of vertical exchange 
coefficients (Heaps, 1974). To describe its vertical dependence we 
assumed surface and bottom' boundary layers with coeficients 
increasing going of"f" them (Pearce and Cooper, 1981). Along the 
solid boundary zero normal horizontal flow and zero dif'fusion 
transport are assumed while a radiation condition is postulated at 
the open boundary. At the surface the wind stress is taken as a 
quadratic function of wind velocity and for the bottom friction 
linear low will be used. Initial condition is the state of rest 
with density lineary increasing with depth. Differential equations 
of motions and continuity were translated into finite difference 
equations using the leapfrog-time and staggered-space 
approximation. It should be mentioned that this model gives the 
same results in homogeneous fluid as model developed by Stravisi 
and models based on the Heaps approach (Bone, 1990). 

Above described model was run in the following numerical 
experiment. Simulations were performed for 24 hours with scirocco 
wind followed by 24 hours bora and 48 hours with no wind, the 
situation characteristic for passage of cyclones over the Nord 
Adriatic in t,he summer. Homogeneous wind forcing was assumed for 
sci rocco while for bora heterogeneity in the wind field was taken 
into account. In order to examine stratification effects the same 
numerical experiment was performed for stratified and for 
homogeneous sea. For each run four fields were analyzed 
sea-level displacement, vertically averaged current, surface 
current and bottom current. During the wind forcing the main 
dif'ferences in stratified and homogeneous case are caused by 
gradient currents .. Wind currents acting on initial density field 
induce characteristic topographically controlt;!d gradient currents •. 
The most pronounced difference in the current response were 
observed in the free oscillating period where we could notice the 
greater persistency in baroclinic than barotropic mode due to 
gradient currents. 

This is the first time that the effects of stratification 
were considered for wind induced currents in the northern 
Adriatic. Under the same forcing conditions, the differences 
between currents in a stratified fluid and currents in 
homogeneous fluid are about 207. of the wind induced current 
intensities while the flow patterns are mostly the same. 
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0-VIs 
Process Studies of the Complex Mesoscale Circulation O.bserved in 

the Western Mediterranean Sea 

George W. HEBURN 

Naval Oceanographic & Atmospheric Research Laboratory Stennis Space Center, MS (U.S.A.) 

Satellite observations of the Mediterranean Sea reveal extremely complex 
circulation patterns which are highly time-dependent. This is in stark 
contrast to the simple idealized flow patterns presented in historical studies 
based on limited in-situ observations. These pre-satellite studies were based 
on collections of data which were not synoptic in time' nor space and resulted 
in overly smooth idealized flow patterns. 

A series of process studfes using a hierarchy of numerical ocean models 
has been undertaken in an attempt to illucidate the dynamics controlling the 
observed circulation. The numerical models used are variations of a multi
layered primitive equations model. The simplest version is a one-active 
layer, reduced gravity mod!!l forced by winds, inflow/outflow mass flux and/or 
density variations. The results from this simplest version yields flow 
patterns which are qualitatively similar to the historical representations, 
but do not help to understand the highly time-dependent mesoscale variability 
observed in the remotely-sensed data. 

Adding additional complexities, such as multiple layers and thus allowing 
for baroclinic instabilities; bottom topography; realistic non-climatic wind 
stress, etc., increasingly adds to the realism of the numerical simulations. 
However, with the more complex models, it becomes increasingly evident that 
simple eKplanations for the causes of the observed mesoscale variability will 
not be forthcoming. By a systematic series of process studies, . various 
responses to the specified forcing can be ascertained. The results to date 
reveal that no single forcing mechanism by itself can explain all the 
variability and in most cases a combination of forcing mechanisms are required 
to produce a simulation of the observed circulation patterns. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 

II 



II 

O-VI6 
Application of the GHER 3D k -f. Model to the study of the general 
circulation and associated synoptic/mesoscale structures in the 

Western Mediterranean Sea 

Jacques C.-J. NIHOUL, J.-M. BECKERS and S. DJENIDI 

GHER, University of Liege, Liege (Belgium) 

The GHER model fs a primit1ve equation, fully 30 (multi-level). time 
dependent, non-1 fnear, baroclinic model with a ~<-• turbulence closure. The 
state variables are the three components of the velocity vector, the 
buoyancy (or the temperature and sal fnfty). the pressure (or the surface 
elevation). the turbulent kinetic energy, the energy dissipation rate (or 
the mixing length) and the concentrations of passive constituents. 

The model has been described in earlier publications (e.g. Nihoul and 
Ojenidf 1987, Nihoul et al 1989, Nihoul and Beckers 1989). 

In the frame of the quasi-hydrostatic approximation, the vertical 
component of the momentum equation reduces to a simp 1 e ba 1 ance between 
buoyancy and vertical grandient of q = p/po + 9'3-

Th& meso sea 1 e ~n~rgy production rate is pro port 1 on a 1 to the 3/2 power 
of the wind stress. The coefficient of proportionality is a function of 
depth and of the flux Richardson number. 

The computer code translation of the mathematical model is greatly 
facilitated by the introduction of new coordinates : the hat-coordinates 
(The hat-coordinates are quite similar to the so-called "a-coordinates" 
used in Meteorology and are simply rechristened here to avoid confusion 
with fsopycnal or "iso-a" coordinates used in Oceanography). 

The advantage of the new coordinates and associated variables is that 
horizontal and vertical length and velocity scales are then of the same 
order, the water column has everywhere the same height while the top and 
bottom boundary conditions reduce to zero vertical (hat) velocity. 

Furthermore the comparison of the vertical velocities in real and hat 
coordinates provides a more complete understanding of vertical motions, 
separating what is due to the bathymetry of the basin (upslopfng and 
downsloping) and what is due to Ekman circulation (upwelling and 
down welling). 

Considering the important variations of the Western Mediterranean's 
bathymetry, the three-dimensional model fs applied conjointly to two 
superposed interconnected 1 ayers, the surface 1 ayer' s depth following the 
shelf's bathymetry on the shelf and remaining at maximum shelf's depth in 
the deep-sea. The f ntroduct ion of two different hat-coordinate systems has 
also the advantage of allowing a better representation of the vertical 
stratification. Indeed with a single hat-coordinate transformation for the 

~~~!;c~:~~\n~in:~e~: ~~u~l :rsrh~~a~et;tfn;:s0romnedi~0 :a~~~~~~ sg:~:r~st ~~: 
vertical stratification. 

The numerical model uses a mode-splitting technique based on the 
simultaneous resolution of a depth-Integrated model to compute the surface 
elevation. The advection term is represented by either a centered
difference scheme, a lax-Wendroff scheme or an upwind-difference scheme, 
according to the uumerical requirements. The numerical method is implicit 
in the vertical but, to avoid numerical erosion of the pycnocline, the 
"implicity factors" of the advection and diffusion terms are modified at 
each mesh and at each iteration. Hydrostatic instabilities, as in cases of 
deep water formation, are taken into account using an original 
parameterization of the diffusion coefficients, generalized from Nihoul's 
formula for the stably stratified case (Beckers, 1988, 1990). 

At the air-sea interface, all fluxes (momentum, heat, _ .. ) are imposed 
and calculated from the available atmospheric data. 

At the bottom, heat and salt fluxes are assumed to be zero but the 
flux of momentum (bottom stress) and the turbulent kinetic energy 
production rate are calculated using an analytical model of the bottom 
Ekman layer. (This solution gives the classical quadratic friction law for 
small bottom layer meshes but has the advantage on the logarithmic 
approximation to allow a veering of the velocity vector with height when 
the grid spacing near the bottom Increases). 

At the coasts, heat and salt fluxes are set to zero except at the 
mouths of main rivers like the Rhone. The velocity perpendicular to the 
coast is zero and a quadratic friction law is imposed for the tangential 
velocity. 

At the straits, observed transports (integrated inflowing or 
outflowing velocities) are imposed. The boundary conditions for the other 
variables are basically of the Orlanski type but they are adapted to the 
numerical scheme and modified to make it possible to take a measured value 
Into account when such a value is available. 
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O-VI7 
Development and applications of the coastal quasigeostrophic ocean 

model to the case of multiple coasts and multiply connected domains 

Emin ozsoy• , Carlos lOZANo•• , Ralph MILLIFF••• and Allan ROBINSON"• 

·Institute of Marine Sciences, Middle East Technical University, P.K. 28, Erdemli, !eel 33731 (Turkey) 
.. Harvard University, Division of Applied Sciences, Cambridge, MA 02138 (U.S.A.) 

... National Center for Atmospheric Research, Oceanography Section, Boulder, CO 80307 (U.S.A.) 

The Harvard quasigeostrophic ocean model has been 

generalized to be applicable to semi-enclosed or closed 

ocean domains bounded by multiple segments of coasts and/or 

multiply connected geometry. Inviscid coastal boundary 

conditions and consistency constraints are required and the 

Greens function methods are utilized in the solution 

algorithm. The performance of the model is guaranteed by 

comparison with analytical solutions of F'li erl C1 977) and 

cases derived from them. The methodology is applied 

to the quasigeostrophic dynamical modeling of the Levantine 

Basin. The robustness of the method is illustrated by the 

stable preliminary predictions and sensitivity runs. 
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3D Mathematical Modelling of currents and disP,ersion in the Northern 

Adriatic 

Rudi RAJAR 

University of Ljubljana, FAGG, Hydraulic Department, 61000 Ljubljana (Yugoslavia) 

Among the different measures for water-quality 
improvement in the Northern Adriatic, mathematical modelling plays a 
significant role. Some measurements of current velocities, tempera
ture, and salinity were also executed in 1984-86, mainly in the Piran 
and Koper Bays. 

The mathematical model is three-dimensional, nonlinear, 
and includes equations simulating dispersion of heat, salinity or 
contaminants. These parameters affect the density according to the 
equation of state and variable density in return' influences the 
velocity field (For details see Rajar, 1989). A one equation turbu
lence model is used for the vertical distribution of the "turbulence 
viscosity", (based on the eq. for turbulence kinetic energy) including 
the influence of stratification which is expressed by the Richardson 
number (Rajar et al, 1989). 

The possiblity to simulate the transport of contaminants 
gives the possibility to extend the present hydrodynamic model into a 
water-quality model. The model is used also to simulate circulation in 
lakes. 

With the model we have simulated the circulation in the 
whole Northern Adriatic-. and especially in the Trieste Bay (Fig. 1) and 
Piran Bay and Koper Bay, which are parts of the Trieste Bay, where the 
water quality is most endangered. 

The results of the modelling show that the very polluted 
water from the Italian po river reaches the Yugoslav coast at 
different meteorologic conditions. For the Trieste Bay (Fig. 1) many 
simulations were made and compared with the results -of measurements. 
It was shown that the tidal forcing and the wind forcing are of the 
same order of magnitude. Fig. 1 represents simulation of currents 
during falling tide, with the wind increasing during the day up to 4, 5 
m/s. A relatively strong stratification took place (9°C and 1,6 °/oo 
difference in ·temperature and salinity at the surface and at the depth 
of 22 m). The bulk movement of the water is out of the region (during 
falling tide), with the right deflection due to the Coriolis effect. 

weaker winds (Fig. 1) cause only the surface layer to 
move with the wind; no destratification takes place. The measurements 
confirm this fact. Simulation and also the observations show that more 
than two days· of strong "Bura" wind are necessary to "mix" the 
stratified layers. 

In the smaller Piran Bay and Koper Bay, the tidal 
influence is small compared with the wind fo;cing. However, we have 
studied the circulation due only to tidal forcing, since conditions 
for dispersion of contaminants are the worst in windless days. 
summarized results of measurements during the periods of week winds 
(v < 2 m/s) show a cyclonic circulation during rising tide in both 
bays. During falling tide, anticyclonic circulation is formed in the 
Piran bay, but in Koper bay again a kind of cyclonic vorex is formed, 
presumably due to flow out of the Trieste bay and around the cape, 
which closes the Koper Bay at the North. 

Fig. 1 Computed currents in the Trieste Bay a. Surface currents 
b. Bottom currents c. Vertical cross-section A-A 
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O-VI9 
Dynamical coupling between the Mediterranean Sea and the' 
atmosphere. Boundary conditions at the air-sea interface 

Fr~ise ROBE 

GHER, University of Liege (Belgium) 

ABSTRACT 

In oceanography, the need of accurate boundary conditions at the 

air-sea interface is critical. Indeed the coupHng between the 

atmosphere and the sea is intense, especially via the turbulent fluxes 

of humid! ty, temperature, and momentum. A parameterizatl on of these 

fluxes Is then required. To achieve this, one needs to couple 

hydrodynamical and meteorological models. 

A 2-0 integral coup 1 ed ocean-atmosphere mode 1 has- then been 

developed to simulate the transient interactions between the two 

boundary layers. The heat, water, and momentum exchanges at the 

interface are investigated, notably to analyze the clo_uds generation, 

their possible ·persistence and the resultant feed-back on the oceanic 

variables. The solar and IR radiative fluxes are parameterized as 

functions of the temperature and humidity profiles and vary then with 

the meteoro 1 ogi ca 1 events. 

This model has already been tested in the Tropics where the 

dynamics of the coupled ocean-atmosphere system has been proved to be 

highly dependent on the advective rates and the turbulent fluxes at 

the interface. The model embedded in an atmospheric GCM dnd in the 

GHER Oceanic GCM is applied to the Mediterranean Sea, providing more 

accurate turbulent fluxes as boundary conditions for the modelling of 

the general circulation, and on the other hand, contributing to the 

parameterization of the incidence of meteorological conditions upon 

the formation of dense waters. 

The development and the generalisation of this kind of coupled 

model will therefore give a highly expected tool to the modellers of 

the Mediterranean Sea. 
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Dynamical T-S analysis of Mediterranean Sea water masses 

Emil V. STANEV• and Jean-Marie BECKERS .. 

•oepartment of Meteorology and Geophysics, University of Sofia (Bulgaria) 
.. National Fund of Scientific Research, GHER University of Liege (Belgium) 

T-S analysis was widely applied to study the water masses in. the Mediterranean Sea. In the 

pioneering work of Wiist (1960), the efficiency of the core method to investigate intermediate 

and deep circulation was manifested. However, classical T-S analysis does not incorporate any 

local or remote physical information concerning the displacements of the particles in T-S space. 

This can be easily understood, since no such information existed in that time when the T-S 

· analysis was developed. At present, numerical models provide us with a valuable information 

which can be used to increase substantially the understanding that can be obtained from the 

T-S analysis. 

In the analysis proposed in the present paper the hydrological data are used to initialise a 

numerical model which we use as a tool to define the velocity field. Further, the displacement 

of Lagrangian particles in the T-S space is analysed in order to find some general properties of 

the water masses formation and mixing. along trajectories. 

Based on Levitus' (1982) data set, a combination of robust diagnostic and fully prognostic 

techniques is used to evaluate for the Mediterranean Sea a climatology consistent with the physics 

of the Princeton OGCM. Model experiments are carried out with 28 levels and with a horizontal 

resolution of!\ f...= l I :1, 6 cp = l I 4 The mode! is forced merh~nical!y by wind stress taken 

from Hellerman and Rosenstein's (1983) data. Sea surface temperature and salinity are prescribed 

from Levitus' (1982) data. Exchange flows in the Strait of Gibraltar are explicitly prescribed 

with !.5 106 m\· 1 each. At the most, model adjusted salinities and temperatures depart from 

Levit us' initial data by 0.02 and 0.05"C in deep layers and by 0.1 and I oc in the pycnocline. 

The simulated circulation is generally cyclonic. Velocity profiles reveal a· subsurface jet at about 

50m advecting Atlantic water eastwards. With increasing depth a reversal of zonal flow is 

simulated with a core at about 300m advecting Levantinc Intermediate Water westwards. 

The model simulated T-S indices for the entire Mcdirranean Sea docs not deviate substantially 

from the initial ones. For about 5% of the grid points Lagrangian displacement x is calculated 

from x = ~ ( x), see the figure, where velocity v is taken from the model data. The trajectories 

illustrate the preferable mixing patterns. Their analysis can be used to define the general processes 

of water masses formation and transformation what is the topic of this paper. 

TRAJECTORIES L'l T-S SPACE 

3-s.o 
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0-VIII 
Bio-Optical Variability in the Western Mediterranean 

Robert A. ARNONE and Paul E. LA VIOLEITE 

Naval Oceanographic and Atmospheric Research Laboratory, Stennis Space Center, MS. 39527 (U.S.A.) 

Ocean color satellite data were used to investigate the 
monthly and spatial variability of phytoplankton pigment concentration 
and diffuse attenuation coefficient (k(490)) in the western 
!'led! terranean Sea. Coasta 1 Zone Co 1 or Scanner <CZCS) composite 
products <Feldman, 1989) for 1979-1980 were used to define the bio
optical variabilities in specific regions: the Ligurian Sea, Gulf of 
Lion, Balearic Sea, Central Algerian Basin, Algerian Current, and 
Alboran Sea. 

The development of mesoscale ocean features and bio
optical evolution of water masses in these regions were characterized 
by monthly CZCS imagery. The imagery were averaged into 20 km pixel 
reso 1 ut ion and processed by standard atmospheric remova i methods 
<Gordon and Clark, 1980). Ratio algorithms <Gordon and Clark, 1980; 
Austin and Petzold, 1980> applied to these results produced monthly 
mean and standard deviation bio-optical properties. Although ocean 
color represents only the integrated upper ocean <approximately~ the 
first attenuation length>, the surface distributions depict the bio
optical climate of the sea <since stronger biological responses occur 
near the surface>. 

The composite monthly ·results show that the evolution of 
biological and optical properties in the western Mediterranean 
interacts strongly with the regional surface circulation. The results 
also indicate a biological response to meteorological forcing of the 
Mistral. The biological repercussions ·Of coastal processes and its 
effects on the large scale biological budget of the s'ea· is also 
evidenced. 

The mean phytoplankton distribution for the entire Western 
Mediterranean indicates that the lowest concentrations occur in 
September. High concentrations vary seasonally from region to region. 
The Alboran Sea has the highest concentrations as well as the 
strongest seasonal variabi 1 ity <the strongest bloom occurring in July 
(1 mg/m3l with a secondary bloom in November) (figure). The Gulf of 
Lion also shows a bi-modal pigment seasonal distribution, with 
maximums <0.4 mg/m3l occurring in April and December. The central 
Algerian Basin maintains a weak seasonally stationary phytoplankton 
distribution <<0.1 mg/m3l. As a result of the regional ocean dynamics, 
the Algerian current exhibits significant spatial variability with 
elevated concentrations occurring in June. 

The monthly standard deviation of the bio-optical 
properties is similarly associated with the surface circulation. High 
standard deviations occur in energetic areas such as ocean fronts and 
upwelling regions do to the response of phytoplankton to the rapidly 
changing physical processes. Thus, the locations of high monthly l:>io
optical changes are coincident with positions of fronts and eddies 
within the several ocean basins and within coastal areas. 

This study illustrates the biological seasonal evolution 
of surface wa~ers in the Western Mediterranean. This biological 
climate may be used to assess the amplitude and frequencies of 
seasonal biological productivity <Lohrenz et al, 1989). The study 
confirms a direct coupling of the overall general circulation and the 
surface biological phytoplankton distribution. CZCS imagery indicates 
that elevated phytoplankton concentrations associated with coastal 
processes extends well offshore and may have an impact on the regional 
water mass biological character • 
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O-VII2 
TEMPO Experiment : Characteristics of the circulation in the Northern 

Tyrrhenian Sea 

V. ARTALE" , M. ASTRALDI"" and G.-P. GASPARINI .. 

"ENEA. CRE Casaccia, P.O. Box 2400, 00100 Roma (ltalia) 
.. CNR Stazione Oceanografica, Pozzuolo di Lerici (ltalia) 

The Tyrrhenian circulation is largely cyclonic, with very weak currents orgaruzed in 

two main structures bordering at about 40" North of latitude. The early observations 

(e. g_ Krivosheya and Ovchinnichov (1973) and Moen (1984)) indicate that, whereas the 

wind can be considered responsible for the basin-wide circulation, the wind blowing 

from the Bonifacio Strait is the principal source of energy for the cyclonic structure 

in the north. 

In order to evaluate the characteristics of the circulation in this part of the basin, 

an experimental program involving annual current measurements at different places 

together with periodic hydrographic campaigns and drifting buoys, has been carried 

out from September 1989 as a part of the international project TEMPO (Tyrrhenian 

Eddy Multi-Platform Observation Experiment)- The purpose of this project is the in

vestigation . of the Tyrrhenian circulation by an integrated use of different data 

collected from different platforms (satellite, aircraft and ship). In the following a 

preliminary description will be given of the conditions existing in the fall season with 

a particular focus on the vertical structure of the water column and the circulation 

pattern at various depths. 

The extension of the mixed layer varies from 20m in the central area to 45m in the 

southern part of it, just underlined by a well developed thermocline_ The surface 

layer of Modified Atlantic Wate:r; (MAW) has its core (pointed out by a minimum in 

salinity) at about 50m of depth, nearly uniform all over the area, while the core of. 

the Levantine Intermediate Water (LIWJ is at 350-400m of depth and has the highest 

values in the southernmost part of the basin-

The horizontal distribution of the surface temperature shows that the lower temperatures 

are found in the central basin. Close to the 41" parallel a marked frontal structure 

develops in the surface layer (!4AW), dividing the colder water in the north from that 

warmer in the south- In the intermediate and deep layers the temperature and salinity 

values decrease progressively along a southeast-northwest direction, having the highest 

gradients near the 41th parallel. The density distribution at all depths 1s consistent 

with a cyclonic circulation of the water mass involving most of the water column. 

The current measurements at all the observed depths (50, 150 and 350m) show a. 

cyclonic pattern with very low mean values (3cm/s or less), the highest values beinq 

recorded near the boundary frontal system. 

The computation of the surface dynamic depths starting from a reference level of 

350m, indicates the presence of a cyclonic gyre having the same velocity values as 

those directly observed. 

Finally the trajectory of the surface drifting buoy released near the frontal signature 

shown in the horizontal temperature distribution, fully supports the indication that 

the area is affected by a cyclonic circulation, that is stationary for the considered 

period. 

In conclusion all the measurements indicate that a cyclonic circulation having a very 

low dynamics prevails in the northern Tyrrhenian basin. From the surface signature 

of this structure, easily detectable in the thermal maps of the area, important indications 

can be obtained for the comprehension of the structure below_ 
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O-VII3 
AVHRR/2 observations of the Tyrrhenian eddy during TEMPO 
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The large scale circulation in the Tyrrhenian Sea is mainly cyclonic. 

Superimposed on this large scale circulation is a pair of eddies rotat

ing in opposite direction and separated by a zonal front (henceforth 

called front) running at approximately 40 · N. The northern eddy 

(henceforth called Tyrrhenian Eddy) is cold core and cyclonic while the 

southern is anticyclonic and relatively warmer. 

The Tyrrhenian Eddy Multi-Platform Observations (TEMPO) experiment, 

whose intensive phase was carried in September 26th - October 9th, 1989, 

was devoted to both improving the understanding of the air-sea interac

tion dynamics of the North Tyrrhenian Sea and testing a methodology 

based on simultaneous observations collected from different platforms in 

view of the ERS-1 launch_ 

The utilization of AVHRR/2 data for TEMPO reflected the two phases into 

which TEMPO was divided: 1) an extended phase involving analysis of a 

long time series o·f images to select the most appropriate period for the 

execution of the oceanographic campaign and 2) an intensive phase, dur

ing the two-week campaign to support ship and aircraft operations by 

indicating frontal position and strength and to provide a source of syn

optic data for the subsequent analysis. 

One year worth of satellite imagery was examined in order to construct 

the statistics of persistence, intensity and evolution of the front and 

the Tyrrhenian Eddy- The edges of the SST front and the Tyrrhenian Eddy 

were digitized for each AVHRR/2 image. Analysis of the digitized frontal 

time series indicates the presence during fall and winter of a zonal SST 

front between Sardinia and the Italian Peninsula which is only visible 

in some of the spring and summer images. During the transition period 

between summer and fall the front evolves into a well organized cyclonic 

eddy which persists for the entire winter. An occasional cyclon'ic eddy, 

visible in some of the summer images, appears to be related to periods 

of intense wind in the Strait of Bonifacio. These observations support 

Moen's (1984) hypothesis which re·lates the presence of the North 

Tyrrhenian Eddy to baroclinic adjustment to the forcing by the wind 

stress curl. The radius of the Tyrrhenian Eddy varies from 50 to 7 5 km 

while the te!llperature difference between the eddy core and the surround

ing waters ranges from 1 °C (in winter) to 2. 5 °C (in fall) . 

On the basis of the AVHRR/2 observations from the extended phase the pe

riod September-October appeared to offer the best compromise between the 

need for cloud-free imagery and the likelihood of sampling the formation 

stages of the Tyrrhenian Eddy. 

During the intensive phase, NOAA-11 passes received by the Italian 

Meteorological Service were processed by Telespazio in Rome. From each 

acquired pass a SST image of the Northern Tyrrhenian Sea was atmospheri

cally corrected, remapped to Mercator projection, compressed (down to 

20% of the original size) to save on transmission time and cost and re

layed via Inmarsat to the ship approximately two hours after the satel

lite pass. On the ship the image was decompressed and presented on a PC 

screen. On the basis of the looks at this imagery the scientists on 

board the ship directed the ship to the area of strong SST fronts to 

perform multi-platform observations. The analysis of the images col

lected during the intensive phase indicates that a transition between a 

summer and a winter condition occurred. Namely, the imagery of 19-20 

September displays a meridionally banded SST structure that progres

sively disappears, as well as a zonal SST front. From 21 September on

wards the zonal front appears to evolve into a cyclonic cold core eddy 

which can be observed starting 30 September. This transition process may 

have indeed been accelerated by the passage of an <atmospheric perturba

tion which lasted the 28 and 29 September. 
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O-VII4 
Quelques methodes d'analyse d'images satellitaires appliquees a Ia 

Mediterranee 

Fran~ois CAUNEAU et Lucien WALD 

Centre de Teledetection et d'Analyse des Milieux Naturals (CTAMN), Ecole .Nationale Superieure des Mines de 
Paris, Rue Claude Daunesse, Sophia-Antipolis, 06565 Valbonne (France) 

La communication a pour objet de presenter quelques apports de !a reledetection spatiale a !a 
connaissance des processus physiques en Mediterranee. Les differentes fenetres spectrales 
d'observation disponibles operationnellement sont passees en revue, appuyees par quelques 
exemples. 

1 - L'utilisation d'imagerie satellitaire a des fins oceanographiques implique un traitement 
prea!able de ces images. Les comptes numeriques issus du satellites doivent etre eta!onnes puis 
corriges des effets perturbateurs de !'atmosphere. Puis les images sont naviguees afin d'etre 
superposables a une reference cartographique. Un exemple sur le golfe du Lion illustre ces 
traitements. 

2 - L'observation de !a surface marine dans le domaine visible donne acces a Ia quantite de 
lumiere retrodiffusee vers le satellite. Une modelisation fine de !a transparence atmosphc!rique 
permet de calculer puis de cartographier Ia quantire d'energie solaire ~ue a Ia surface (Diabate 
et al. 1989). On accede ainsi a !a composante ondes courtes du bilan radiatif sur une echelle 
synoptique avec une resolution spatiale de 5 km. Ceci est illustre par Ia cartOgraphic de cette 
composante en Mediterranee occidentale de 1983 a 1985. 

3 - Le domaine infra-rouge fournit une mesure de Ia temperature de surface de Ia mer. La 
frequence temporelle de fourniture d'images par Ies satellites permet diverses applications, 
depuis Ia climatologie des temperatures de surface jusqu'a !'analyse de phenomenes transitoires. 
La teledetection permet en outre Ia mesure des echelles spatiales et temporelles des processus. 
Les trois premiers exemples portent sur Ia mer Ligure. L'analyse repetitive sur plusieurs annees 
des thermographies de Ia mer Ligure permet de caractc!riser les phenomenes de Ia circulation 
genc!rale. Les variations saisonnieres de Ia distribution des gradients thermiques. superficiels 
sont ainsi finement decrites (Wald, Nihous 1980). Les instabilites dynamiques ont une 
signature thermique permettant leur repc!rage. Ainsi des ondes de basse trequence ont ere suivies 
et analysees en termes d'ondes baroclines de grande amplitude, en accord avec un modele 
analytique a deux couches (Crepon et al. 1982). Les images satellitalres de Ia mer Ligure 
exhibent des structures tourbillonnalres. Une etude statistique de Ia distribution spatiale de ces 
tourbillons et de leurs caracteristiques de forme met en evidence !a faible dispersion des 
diametres autour d'une valeur moyenne de 30 km, ainsi qu'une grande hCterogeneite de Ia 
repartition de ces tourbillons dans Ia mer Ligure. La plupart des tourbillons sont observes pres 
du Cap Corse, et sont anticycloniques. Ce resultat confirme les mesures in-situ de la campagne 
DYOME, et les complete en offrant une extension spatiale des conclusions de cette campagne 
(Wald 1985). L'analyse statistique de Ia structure turbulente du champ de temperature A 
moyerine echelle par fonctions de structure montre que Ia temperature se compone comme un 
traceur passif, en accord avec Ia theone de turbulence quasi-geostrophique de Blumen (1978) 
predisant la conservation simultanee de l'energie totale du systeme et de l'energie potentielle 
disponible a Ia surface de Ia mer. Cette conclusion permet d'envisager !'estimation du champ de 
courant superficiel a partir de thermographies a !'aide d'un modele numc!rique d'advection 
instationnaire de la chaleur. L'imagerie satellitalre fournit les derivees temj:lorelles et les 
gradients thermiques assimiles par le modele, qui une fois integre le long des isothermes donne 
nne cartographic de Ia fonction de courant (Wald 1985). 

4 - L'utilisation des hyperfrc!quences en oceanographic spatiale permet de s'affranchir de Ia 
couverture nuageuse, et d'ameliorer ainsi Ia fr6quence temporelle des observations de l'etat de 
surface de Ia mer. Les instruments diffusiometre et radar A synthese d'ouverture (SAR) 
embarques a bord du satellite europeen ERSt devant etre lance en 1991 donneront acces au 
champ de vent de surface ainsi qu'au spectre d'etat de surface. On montre comment ces 
informations peuvent reechantillonnees dans le temps et dans l'espace et combinees avec des 
donnees mereorologiques standards aim d'etre assimilees dans des modeles de prediction de 
boule. On utilise pour cela, soit des methodes d'estimation autoregressive, soit des methodes 
variationnelles (Cauneau, Bernard 1990). 
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0-VIIs 
Some circulation features in the Adriatic Sea - a satellite View 

Paul E. LA VIOLETTE• and Miroslav GAClc•• 

"Mississippi State University Research Center. John C. Stennis Space Center. 39529. Mississippi (U.S.A.) 
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Surface general circulation in the Adriatic Sea is 

characterized by the inflow in a wide area along the Albania;n and 

Yugoslav coasts. Along the Italian coast narrow coastal jet of 

outflowing current prevails during the entire year. Within the 

Adriatic Sea basin the cyclonic circulation pattern is perturbed 

by very prominent bottom features such as Palagrll2a Sill, and by 

strong transient wind events. Also, the water exchange between the 

Ionian and Adriatic Sea and the circulation. pattern change on the 

seasonal time scale. 

The temperature contrast between the inflowing and outflowing 

waters is very strong and during the summer the outflowing waters 

are warmer than the inflowing ones. On the other hand, during the 

winter the surface coastal jet along the Italian coast consists of 

very cold and fresh water coming from Po and other Italian rivers. 

Due to these temperature contrasts number of quasi-permanent 

thermal fronts are evident. Their positions depend on the 

transient wind forcing, freshwater inflow and on the intensity of 

water exchange through the Strait of Otranto. 

Superimposed on this general circulation pattern, number of 

mesoscale features {eddies, gyres, filaments) have also been 

evidenced. Their typical length scales are of the order of ten 

kilometers and they are not easily evidenced by the classical 

hydrographic surveys. Here we present some satellite IR images of 

the Northern and Southern Adriatic and discuss mesoscale features 

which are superimposed on the general circulation. 
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Thermal Fronts in the Adriatic Sea 

Mira MOROVIC 
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Anvlysis of infra-red images of surf3CC 

temper~ture published in monthly bulletin SATHER 

used to stud¥ thermal fronts in the Adriatic in the 

period from septe01ber 1980 to january 1987. 

The largest part of the period studied 

there were thermal fronts in the Adriatic sea ,showing 

regular changes in the course of year.Mustly fronts 0re 

typical coastal fronts parallel to the coast but 

sometimes are broken into several transversal fronts 

or form small eddies ,at the edges of coastal fronts. 

The mos~ frequent seasonal shapes of thermal fronts 

were identified (see fig.),and their existence 

understood in relation to freshwater inflow,seasonal 

heating and cooling,synoptic disturbances and advection 

of warmer water through Otranto strait. 

" • I 

Thermal fronts in spr!ng and summer. 

Thermal fronts in autumn and winter. 

Satelite infra-red images provide 

complex isotherm pattern than it was 

obtainetl with temperature measurements at sea. 

Surface j sotherms were a 1 so used for comparison 

with typical Adriatic water types formation 
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Satellite Infrared (thermal) Imagery and drifter buoy trajectories in 
the Eastern Mediterranean 

James A. PRICE• , Bill BURNETT" , A.·l. PICKETT•• and Paul E. LA VIOLETTE••• 

•Naval Oceanography Office, Stennis Space Center, MS 39529·5004 (U.S.A.) 
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•••Mississippi State University, Stennis Space Center, MS 39529·5004 (U.S.A.) 

Six satellite-tracked METOCEAN drifter buoys were air-dropped into prominent 
frontal features and eddies in the eastern Mediterranean on 25 February, 1990. The 
purpose of these releases was to monitor the movements of these ocean features over 
an extended period and to compare them with simultaneous surface thermal pat terns of 
the ocean features provided by NOAA AVHRR-Infrared imagery. At the time of this 
writing (early April) five of the drifters are still transmitting. This short 
report will detail some information of oceanographic interest found in a preliminary 
analysis of this combination drifter buoy-satellite imagery data set. 

Figure 1 below shows the trajectories of the five remaining buoys (the sixth 
buoy only remained operative for 26 days). Note that the westernmost drifter was 
dropped in the general location of the Maltese front, the second in the eastern 
Hedi terranean East-Vest front, the third west of Crete, the fourth in the permanent 
eddy found south of Crete, and the remaining eddy positioned just east of Crete to 
detect the influence of the outflow of the Aegean sea water on the Cretean eddies. 
lie will discuss the information provided by the buoys in that order. 

LAT 
40 

31'l 
12 LONG 28 

Of all the drifters, the buoy contained in the warm, anticyclonic eddy south of 
Crete (which for convenience, we have called the Cretean Eddy) has shown the most 
interesting trajectory. Figure 2 below shows the trajectory of the buoy for the 
period 2 March through 9 April superimposed on a satellite image for 3 April. An 
eddy was first reported in this location by Unluata et al. (1989) during field work 
associated with POEM. Our preliminary examination of two years of cloud-free im
agery of the region indicates that an eddy approximately 45 km in diameter is a 
permanent feature off the southeast corner of Crete. 

lie thought it odd that the buoy has remained entrained in the eddy since it was 
dropped in February, despite the fact that at times it was quite close to the ther
mal rim seen in the AVHRR imagery. The location of the feature is obviously related 
to the bathymetry of the region. The data shows the buoy making a complete loop 
within the eddy every three to five days, maintaining a fairly constant speed (50 
em/sec, the speed varying according to its distance from the center of rotation). 
The movement and imagery indicate the eddy has also moved closer to Crete during the 
buoy monitoring period. 
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Driving mechanisms of Upwelling in the Sicily Channel 

E. ZAMBIANCHI' , V. ARTALE•• , S. MARULLO' and R. SANTOLERI' .. 

'Earth Observation Division, Telespazio - Rome (Italy) 
''CRE Casaccia, ENEA - Rome (Italy) 

'''Institute for Atmospheric Physics, CNR - Rome (Italy) 

We present the results of the analysis of a long time series of 
NOAA-AVHRR data taken over the Sicily Channel. Sea surface Temperature 
values were derived from cloud-free AVHRR data over one year (1986) by means 
of a split-window algorithm (Dalu et aL, 1985). 

The dynamics of the studied area is very complex, since it is a crucial 
point for the water mass exchanges between the Eastern and the Western 
Mediterranean Sea. 

In particular, satellite images indicate the presence of two different 
surface water masses, which are separated by the strong "Maltese front". 

Our first effort was the investigation of the seasonal variability of 
the front, which greatly influences the hydrographic characteristics of the 
studied area. 

After that, our attention was focussed on upwelling events occurring on 
the southern coast of Sicily. 

Cold water patches extending southward are very frequently seen 
offshore Mazara del Vallo. These patches mirror the bottom topography 
suggesting that the upwelling is stronger in the shallower areas such as the 
Adventure Bank. 

The transient characteristics of the observed upwelling events suggest 
that the meteorological forcing plays an important role in generating the 
upwelling in that area. On the other hand, the influence of an amphidromic 
point for the semidiurnal tidal component, located near the island of 
Pantelleria, which may well affect the interfacial depth pattern (Artale et 
aL, 1989), was also investigated. 

The results of our study, carried out by means of a statistical analysis 
performed on several parameters extracted from the images (upwelling 
indices), show the different role played by the various factors. 
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Satellite Oceanography in the 1990'S 

T.-H. GUYMER 

Institute of Oceanographic Sciences, Deacon Laboratory, Wormley, Godalming (U.K.) 

During the coming decade a number of space platforms capable 
of observing the oceans will be launched, beginning with ERS. 1 
and culminating with the advent of the operational systmes of 
the polar platforms. This paper reviews the achievements of 
oceanographic remote sensing by considering the parameters 
which can be obtained, their accuracy, and the ways in which 
such data have been used. The particular advantages of 
microwave sensors are highlighted. Some of the more important 
limitations of these techniques are also discussed. 

Plans for statellite oceanography in the next few years are 
described in the light of past experience and emphasising the 
role which it will play in programmes of European interest. A 
trend towards combining data from different spaceborne sensors 
with sub-surface measurements and with models is foreseen. 
Such techniques are required not only for understanding and 
predicting large-scale climatic change, e.g. in the World 
Ocean Circulation Experiment", but for the more specific 
problems associated with regional oceanography, e.g. the 
Mediterranean. 

An example of the latter is the Tyrrhenian Eddy Multi-Platform 
Observant <TEMPO) experiment of which an overview description 
is given. In autumn 1989 research groups from Italy, Germany 
and the UK participated in a two-week experiment to study an 
eddy/frontal system using a ship, aircraft and satellites. 
The satellite sensors were the AVHRR on NOAA satellites and 
the radar altimeter on GEOSAT. The ship was used to map the 
temperature and salinity structure of a 200 x 200 km area, 
making regular surface and upper air meteorological 
measurements. As ~t did so, it was used to deploy mooring and 
drifting floats for esti·mating currents. On board the aircraft 
was a microwave scatterometer and an infra-red radiometer 
which measured variations in surface roughness and sea surface 
temperature respectively. Near real-time satellite imagery was 
available for operational planning. Fortunately, the eddy 
became well-developed at the begining of the experiment and 
the observational programme was very successful. Objectives in 
the analysis phase include relating the IR and microwave 
remote sensing signatures to each other and to sub-surface 
structure, and obtaining a better understanding of the eddy 
and its role in affecting transports between the Tyrrhenian 
Sea and the rest of the western Mediterranean. Future 
observational phases are also planned during the lifetime of 
ERS-1. 

Since the Mediterranean can be regarded as a natural 
laboratory for investigating oceanic processes the results of 
TEMPO are likely to be of general relevance to future 
synergistic studies of the global ocean . 
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The 1985-1986 Gibraltar Experiment Hydraulic Control 
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During 1985-1986 a consortium of scientists from Spain, 
Morocco, France, the United Kingdom, Canada, and the United 
States studied the fluid dynamics of the flow through the 
Strait of Gibraltar. Individual scientific groups had 
various objectives, including the effect of the strait on the 
large scale oceanic circulation, the level of dissipation and 
small scale structure in the strait, and the forcing of the 
subinertial flows. The central theme for the experiment, 
however, was the role of hydraulic control in the dynamics of 
strait flows. We will discuss the new results in the 
understanding of hydraulic control as it applies to the 
Strait of Gibraltar. 

Nearly 40 years ago Stommel and H. G. Farmer used hydraulic 
control and mixing conditions to infer estuarine dy-namics. 
These ideas also appeared fruitful for the understanding of 
semi-enclosed seas and their straits, and they had been 
applied to the Mediterranean prior to the Gibraltar 
Experiment. It was clear that hydraulic control at the 
strait could profoundly alter the interaction of the 
Mediterranean Sea and the Atlantic Ocean. In this regard, 
there were three questions addressed by the Gibraltar 
scientists: 

1. Does internal hydraulic control exist in the Strait of 
Gibraltar? 

2. If so, how does it work? Existing theory considered an 
ideal strait: single sill, two-layer stratification, regular 
lateral and bottom boundaries, no rotation, no friction, and 
steady flow. Could simple theory illuminate the flow in the 
strait, and which of the idealizations are fundamental? 

3. Once the strait dynamics are understood, how can this 
understanding be integrated into knowledge of the 
Mediterranean system? 

~lthough work on strait dynamics and on Gibraltar Experiment 
data continues, there are answers to these questions. The 
existence of internal hydraulic control within the strait is 
well established. In particular, the time dependence of the 
flow and the multiple-sill and contraction geometry of the 
strait are fundamentally important. The hydraulic control 
has a profound effect on the Mediterranean, being a key 
factor in establishing its stratification. 

We will present a brief overview of these results, drawing on 
the work of many Gibraltar investigators. Particularly 
active in the application of hydraulic theory have been Armi, 
D. M. Farmer, Bormans, Thompson, Garrett, Stommel, Canizo, 
and Dalziel. We will focus on the lessons of steady two
layer flow in the strait under the constraint of hydraulic 
control, and its ramifications for the Mediterranean Sea. 
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O-VIII2 
Interannual variability of the air - sea interaction along the eastern 

Adriatic Coast 

V. KOVACEVIC, M. GACIC and B. GRBEC 

Institute of Oceanography & Fisheries, Split (Yugoslavia) 

Recent worldwide scientific interest in the air-sea 
interaction on climatic time scales in different regions has 
revealed that sea-level and sea-surface temperature variations are 
good tracers of ocean circulation, water mass and heat balance 
variabilities~ 

In order to study air-sea interaction at the climatic time 
scales, six variables from three locations along the eastern 
Adriatic coast were analysed in period from 1959 to 1984. Station 
Pula represents shallow northern Adriatic area with the River Po 
mouth on the other side of the coast, Split represents middle 
Adriatic channel area and Dubrovnik represents the southernmost 
coastal area characterised by the narrow and smooth shelf. The 
35-year data set contains monthly means of air-pressure (PRE), 
air-temperature (ATE), relative humidity (HUM), sea-surface 
temperature (SST} and sea-level (LEV), as well as monthly tot·als 
of rainfall (RAN) . Missing data were linearly interpolated after 
comparing two nearby stations. Instead of PRE data set at Pula, 
that could not be extrapolated because of the lack of measurements 
at a nearby position, mean monthly PRE at Trieste (Italy) were 
used. After applying a symmetrical 24m214 filter smoothed curves 
are obtained (Figure 1) , containing signals of few-year periods 
with different amplitudes for different variables. Trends are 
evident in ATE, SST and RAN, .not necessarily of the same sign at 
all the stations. 

The EOFs of the filtered data sets at three stations show 
features of interaction between sea and atmosphere variables. 

Dominating variance at Pula (constituting 35% of the total 
variance) is accounted for by the connection between PRE and LEV, 
suggesting their out-of-phase variability. Beside the "inverted 
barometer" effect, PRE variations are in a conjuction with the 
frequency of atmospheric disturbances passing over the area 
(cyclones and anticyclones}, and their characteristic wind 
systems, which affect advection and changes in LEV. With the small 
percentage of their individual variances, ATE and SST correlations 
are present in the first mode, too. In the second mode (30%} good 
interrelation between RAN, HUM, PRE and SST variations was 
obtained, which explains that evaporation and latent heat flux 
(represented by the SST) may be affected by meteorological forcing 
(fluctuations 'in a frequency of atmospheric disturbances). In the 
third mode (17%) ATE variations are coupled to an out-of-phase RAN 
variations. The thermal forcing (SST-LEV correlation} at this 
station is not evident. 

The first mode at Split (38%} gives very good correlation 
among PRE, RAN and LEV, suggesting that the PRE decrease 
(connected to increased frequency of lows on the long-term time 
scale} is followed by the RAN increase that can both yield a LEV 
increase. The second mode explains almost the same percentage of 
the total variance (37%) as the first one, extracting exclusively 
thermal effect in LEV variations (in-phase changes of ATE, SST and. 

Figure 1. 
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LEV). The third mode (19%} explains the greatest part of HUM 
variability, without acceptable physical explanation. 

The first mode at Dubrovnik (48%) contains the largest 
percentage of the LEV variance (70%). It can be related to the 
combined influence of the thermal forcing, RAN and to a lesser 
extent, PRE forcing. Correlation between SST and ATE is weaker 
than in Split and SST appears strongly dependent on PRE in the 
second mode (21%). This can be explained· in terms of the advection 
of warmer and saltier water from the Ionian sea. The advection 
from the south should induce stronger SST, as well as LEV 
variations, in southern than in the northern part of Adriatic, 
with no obvious relation to ATE. In order to confirm this, 
salinity data should be taken into account, as they are a good 
indicator of stronger Levan tine water inflow to the Adriatic. 

In conclusion it may be pointed out that sea-level changes 
along the coast of the northern Adriatic are induced by the 
meteorological forcing due to long-term changes of a frequency of 
passing cyclones over the area, with the atmospheric pressure 
being the most effective. In the central Adriatic influence of the 
thermal forcing due to the air-sea heat exchange is very 
pronounced in sea-level variations. In the southern Adriatic 
thermal forcing is less effective than in the central Adriatic, 
and heat balance is prevalently due to advective processes. 
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O-VIII3 
Climatic variability in the Northeastern Mediterranean and Black Sea 

A. LASCARATos•, M. GACIC .. and T. OGUZ ... 

·university of Athens, Department of Applied Physics, 33, lppokratous str., 10680 Athens (Greece) 
.. Institute of Oceanography & Fisheries, 58001 Split, P.O. Box 114 (Yugoslavia) 

... Institute of Marine Sciences, P.K. 28, Erdemli, leal (Turkey) 

The general circulation of the Eastern Mediterranean has been the 
object of many research efforts. It is known to be dominated by 
important basin and sub-basin features such as gyres, jets, eddies, 
meandering currents reflecting its complex geometry, bathymetry. and 
highly variable atmospheric forcing. Its seasonal and hl.g~er 
frequency variability and their regional dependence have been studJ.ed 
in sufficient' details in number of studies (see Hopkins, 1978; 
Malanotte-Rizzoli and Hecht, 1988; ozsoy et al., 1989 ) • Yet, almost 
nothing is known about the eventual existence and importance of 
interannual variability, on time scales of decades or so, of the 
general circulation of E. Med. The recent interest on climatic 
oscillations and trends brings this subject to actuality, since the 
oceans should respond to changes in atmospheric forcing. 

In this paper, we examine the low frequency variability, on time 
scales of decades or so, of coastal sea surface temperatures (SST) in 
the northeastern Mediterranean and Black Sea, and their eventual 
relation to atmospheric temperature (AT). Changes in SSTs, especially 
if they are not totally coherent all over the area, can be considered 
as an indication of changes in the density field, and therefore 
circulation. 

The long-term variabilities were studied using monthly means of 
SSTs and ATs from 20 stations covering the Adriatic, Ionian, Aegean 
and Black Sea. The data were che.cked qualitatively for spurious 
spikes and unrealistic values. The common data set was formed for the 
period 1955 - 1984. The largest variance in both SST and AT 
time-series is contained in the annual cycle. In order to study 
longer term variability, the annual variations and other 
high-frequency signals having periods shorter than two years were 
eliminated by means of the 24m214 filter (Thompson, 1983). 

The resulting time-series do show the existence of quite 
important variations of SST and AT inside the area during the study 
period. The main features of these variations are : 

a.-Both SST and AT time-series in the Aegean and southern 
Adriatic Sea show a constant trend of decrease (0.5-1.0 deg.C.) from 
the early 1960's to the early 1980's. This trend is not however 
'Present either in the northern Adriatic or in the Black Sea. 

b.-The Black Sea and, to a lesser extend,. Aegean Sea AT and SST 
time series show two distinct periods with respect to the prevalent 
time scale of variability. The period from 1957 - 1972 is 
characterized by energetic oscillations at the time scale of about 
four to five years in which the SST and AT are well correlated. The 
second part of the records, however displays less energetic and 
regionally less coherent higher frequency oscillations. This 
distinction is found not to be evident in the Adriatic Sea. 

c.-There exists, in general, a good positive correlation between 
SST and AT time series. This correlation seems to be best in the 
northern Adriatic, northern Aegean and Black Sea : 

The Adriatic Sea may be divided into two main parts. The entire 
northern part represents the continental shelf and should display more 
energetic response to the atmospheric forcing and freshwater inflow. 
The southern part has a narrow shelf adjacent to the deep central area 
and is influenced by the interaction with the Ionian Sea and exchange 
through the otranto strait. The Aegean Sea may also be divided into 
two parts from the point of view of the meteorological and 
oceanographic conditions. The northern basin has a large continental 
shelf and its circulation is mainly governed by the inflow from the 
Dardanelles and cold outbreaks from the northern coast. The southern 
baain communicates with adjacent basins through the Cretan straits 
with the rest of the E. Mediterranean and is largely affected by its 
circulation. Finally, the Black Sea has very limited interaction with 
the rest of the region due to the fact that the Turkish straits are 
narrow and shallow. 

It seems therefore that the SST signal can be split in two parts: 
The local forcing (AT) and the horizontally advected (by currents) 
heat. This is very clearly seen in the Adriatic where as one moves 
from north to south (from Pula to Split and Dubrovnic), that is from 
the shallow and isolated north to the deeper and more open to 
communication south, the relation between SST and AT becomes weaker as 
a result of horizontally advected heat. 

d.-A common feature of the southern Aegean (Iraklion), Ionian 
(Katakolon) and southern Adriatic Sea (Dubrovnik) is a strong SST 
decrease from 1975-1976 to 1980-1981 followed by the sudden increase 
of more than 1. 5 C in a two-year period. This feature was not 
observed in AT time-series suggesting that it is related to 
oceanographic processes i.e. probably to the horizontal heat 
advection. This event, very well correlates with already observed 
similar decrease of the upper 50 m integrated salinity (-0. 7 p.p. t.) 
in the Western Aegean for the same period followed by a sudden 
increase to original values in 1982, itself very well correlated with 
an inverse oscill~tion of the Aegean sea level (Lascaratos, 1989) 

As a conclu<;!J.ng remark: we can say that the present initial study 
has shown the exJ.stence of J.mportant long term interannual variability 
in SST's in the Northeastern Mediterranean and Black Sea, themselves 
an indication of possible changes in the surface density field on 
those time scales. The continuation of this work should include more 
atmospheric parameters such as atm. pressure, rainfall and wind and 
oceanographic parameters shuch as salinity and sea level. 
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Large scale inversions in the North Levantine Basin 

M.-A. LATIF, T. OGUZ, E. OZSOY and U. UNLUATA 

Middle East Technical University, Institute of Marine Sciences, P.O. Box 28, 33731, Erdemli, !eel (Turkey) 

Measurements carried out by R/V Bilim during 1988-1990 in the north 
east Levantlne basin show inversions associated with large scale 
intrusions of anamolus water masses at depths between 500-900 m. The 
thickness of the intrusions is between 100 m and 200 m, and they are 
observed primarily in the fronts between the Rhodes cyclonic gyre and 
the adjacent anticyclonic eddies. The measurements were taken with a 
SBE-9 em continuous profiling system. The temperature and salinity 
values of the intrusions differentiate them from the well known 
Levan tine intermediate water (Ll\1). Both warm and cold intrusions 
have been observed. The warm water intrusions have relatively higher 
oxygen than the ambient water; the opposite is true for the cold 

!~t:~=~~~~- E3~~~~P~~~4g;o", ~~~~2~11~, a t~~1~ni~~:~~~0~a;:; ~~0~c~!~w. 
between 500 m and 700 m; its temperature and salinity are higher by 
0. z0 e and g. 08 gpt, than the ambient. The intrusion at station 
GOOL30(N36 , E29 30 ) extends between 600 ~ and 750 m, and its 
temperature and salinity are lower by 0. 3 e and 0. 1 ppt than the 
ambient. The potential density profile shows that the intrusions are 
hydrostatically stable. 

The temperature, salinity and the oxygen content indicate that the 
cold intrusions result from lateral sliding of the upwellwing water of 
the Rhodes gyre towards the periphery of the gyre. The sources of the 
warl!l in.5rusions are .5he Jiwo, anticyclonic gyres centered approximately at 
N34 E30 , and at N36 E30 30 . llhlle the main intrusion layer is 
stable, Brunt Vaisla frequency plots show that the interface regions 
are unstable, implying a gradual mixing between the two water masses. 
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A coupled generation-propagation model to~ internal tides, with an 

application to Gibraltar 
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lstituto di Oceanologia, lstituto Universitario Navale, Via Acton, 38, 80133 Napoli (ltalia) 

The internal tides, i.e. those long internal waves 
generated by the interaction of a tidal current with variations 
in bottom topography, have been recognized in many oceanic sites, 
near the shelf edges and particularly in straits, were tidal 
currents are very strong and shallow sills are present. The 
propagation of such internal tides out of the straits where they 
are generated gives rise to dispersive internal waves and to 
strong one-sign current pulses accompanied by solitary isopycnal 
displacements. An example of this is given by the internal tides 
generated in the strait of Gibraltar, whose eastward propagation 
out of the strait leads to the solitary internal patterns 
observed in the Alboran sea (KINDER, 1984), that were recently 
described through a two dimensional, nonlinear dispersive model 
(PIERINI,l989). 

In this propagation model the internal tide in the 
strait of Gibraltar was prescribed as a function of time on the 
basis of the knowledge of field data. A more general theoretical 
approach should imply the determination of the internal tide by 
means of a generation :model, whose input is given by the mean 
flows and tidal currents. This problem was faced by the authors, 
and a one-dimensional nonlinear hydrostatic two-layer model with 
topography was thus developed (LONGO, MANZO and PIERINI, 
1990a-b)) and applied to the region of interest. 

In Fig. (a) an example of internal semidiurnal tide at 
times t=3, 6 1 9, 12 hours is shown for a maximum tidal current U=O. 4 
m;s in the absence of mean flows and for geometrical and 
hydrographic values representative of the strait of Gibraltar at 
the Camarinal sill (centered at x=75 Jan). During the first half 
tidal cycle an internal disturbance develops near the sill. When 
the tide slackens and then reverses the perturbation thus 
generated travels away from the underwater barrier giving rise to 
an internal tidal cycle. The domain of integration is· much longer 
(150 Jan) than the real strait, but this is required to avoid the 
intera._ction of the waves with the ends of the domain. on the 
other hand, a time series taken near the obstacle (within the 
strait) does represent the correct response. Fig. (b) shows such 
a time series at 10 Jan from the center of the ·sill 

The signal in the example of Fig. (b) is suitable as an 
input for the 2D propagation model by PIERINI (1989). Therefore 
this is an example of how a wave generation model can be used in 
conjunction with a wave propagation model. The oceanographic 
information needed to feed this coupled model now reduces to the 
knowledge of the mean and tidal flows in the strait. 
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Fractal fronts in the Mediterranean Sea 
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We study the fractal and statistical properties of swface temperarure fronts in the 

Mediterranean Sea. Temperature isolines have been obtained by satellite measurements 

and refer to quite different climatological conditions. The principal result is that the 

temperature isolines display the properties of fractal curves with a fractal dimension of 

about 1.3. This result is consistent with other analyses of turbulent isolines and 

isoswfaces both in laboratory flows(!) and in geophysical flows (perimeter and swface 

area of clouds and rain fields(2) and perimeter of plancton patches in the sea). It is 

interesting to recall that drifter trajectories in large and meso-scale ocean flows display 

the properties of fractal curves, again with a dimension of about 1.3,(3,4,5) a fact that 

suggests the existence of a precise relationship between fluid parcel trajectories and 

temperature isolines. We briefly discuss some of the possible implications of these 

results and compare our findings with the results of numerical simulations. 
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Theoretical determination of the fractal dimension of fluid parcel 
trajectories in large and meso-scale flows 

A-R. OSBORNE and R. CAPONIO 
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Recent work suggests that Lagrangian parcel trajectories in large and meso-scale flows can 
have a fractal dimension (OSBORNE, eta!, 1986, 1989; PROVENZALE, eta!, 1989). Drifter trajectories 
may be viewed as fractal curves in the plane of the ocean's surface and have typical fractal dimensions of 
about 1.30 ± 0.06 in a range of scales normally attributed to geostrophic turbulence_ There are several 
fundamental questions which we address with regard to these results (OSBORNE and PROVENZALE, 
1989; OSBORNE and CAPONIO, 1990a, b): 

(I) One normally thinks of solutions to partial differential equations as being reasonably smooth, well
behaved differentiable functions. How can it theoretically be possible for the dynamical motions of 
particle trajectories to physically be fractal curves? 

(2) What are the physical implications of fractal trajectories on fluid flows in general? 

(3) What new, unique physical information can the fractal dimension give us with regard to large scale 
flows? 

(4) Can the fractal dimension be of use in solving the inverse problem, Le. determination of the general 
circulation from drifter trajectories? 

(5) What relation does the fractal dimension have to fluid properties such as anisotropic and anomalous 
diffusion in fluids? 

(6) What are the implications on fractal front propagation and onfracta/frontogenesis? 

To address these questions we discuss a simple, nonlinear Hamiltonian model for describing 
particle motions in large and meso-scale oceanic and atmospheric flows. The model predicts nonlinear fluid 
parcel trajectories in 2-D where the stream function power spectrum has the form Ic-Y (y const), while the 
velocity spectrum is given by k-.5, B=y-3_ The equations of motion are 

X = Unns~XV\jl(x,t) 
The over-dot denotes time derivative, x(t)=[x(t),y(t)] is the parcel position in the xy-plane, ~ is the unit 
vector perpendicular to this plane, V = (ilx,ily,ilz) and Unns is the assumed rms velocity of the flow. \jl(x,t) 
is the stream function or Hamiltonian, which is here given <: stochastic representation in two dimensions. 
The dispersion relation is ro = uk, where k = lkl, and u is constant. Using this model as a basis we apply 
both analytical and numerical methods to show that fluid particle trajectories: (I) while differentiable and 
chaotic at small scale, may be fractal space curves at larger scale and (2) undergo anomalous transport. 

We identify a "stochastlcity parameter'' ~-t=u/unns which characterizes the flow: (a) When 11 = 
0 the Hamiltonian is time independent and exactly integrable, but the system is nevertheless fully nonlinear. 
For specific initial conditions x(O)=x0 , x(t) lies on the contour given by \ji(X0 )=const. For Og)sJ, x(t) is a 
fractal curve in the xy-plane with dimension 0=2/(B+I), 15052, and has anomalous absolute diffusion 
<lx(t)- x(0)12> = :Ot21D, for :0 the diffusion coefficient. (b) For 11 << I and finite, the flow is chaotic and 
of KAM (Kolmogorov-Arnol'd-Moser) type, i.e. the Hamiltonian consists of\ji(X) plus a perturbation. The 
KAM "surfaces" are very nearly fractal contours of\jl(x). '!f(X,t) varies slowly in time and stochastic layers 
are formed (c) For I! < I, the flow is chaotic and lies in a trapping regime characterized by vortices and 
vortex hopping_ (d) When J!<:1, clustering occurs, and isolated clumps o(activity appear, evidently the 
remnants of the vortices. (e) For I!" I, the flow is fully stochastic, equivalent to a nongaussian random 
·walk in the plane. Example trajectories are given in Figure I. 

Figure I. P~cl~ traj~tories for a velocity spectrum }(-0.5; the units are kilometers; unns = 7 km/day. (a) 
J!=O: th": motion IS penodic, and the trajectory is a fractal curve with dimension D=l33. (b) ~-t=0.0014, the 
motl<;>n IS o~ KAM type and stochastic layers form. (c) ~-t=O.OI4, the motion lies in the vortex/vortex
hoppmg regtme. (c) ~-t=1.4, the motion is fully stochastic, a nongaussian random walk in the plane. 
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O-VIII8 
Experimental Study of nonlinear internal waves in infinite or 

semi-infinite ocean 

Dominique P. RENOUARD 

lnstitut de Macanique de Grenoble, 38041 Grenoble Cadex (France) 

Experiments were performed on the large 14m diameter rotating platform, and showed 

that an important parameter for long nonlinear internal waves is the ratio of a 

characteristic length of the wave upon th~ internal Ross by radius of deformation

These experiments suggested new theoretical developments, izl order to get an unified 

view of both linear and nonlinear waves in rotating fluid-

From the experiments, it appeared clearly that, in infinite rotating fluid, when the 

rotation is strong, i.e. when the Rossby radius of deformation is smaller than, or of 

the same order of magnitude as the characteristic wave-length, there is no solitary 

waves, but only dispersive waves, and the analysis shows that there is also the 

possibility of periodic waves, propagating faster than the critical phase-speed, and 

with a horizontal crest, i.e_ sverdrup waves·. In infinite fluid, when the rotation is 

weak or very weak, i.e. when the Rossby radius of deformation is larger or much 

larger than the characteristic length, then there is either solitary waves solutions 

of the Ostrovskiy equation, or solitary waves solutions of the Korteveg-de Vries 

equation, respectively_ Experimentally, it is easy to show that there exist solitary 

waves, with an horizontal crest, propagating with a celerity which is function of the 

amplitude, and a characteristic length inversely proportional to the square root of 

the amplitude, Le. fulfilling the K-d-V. conditions. But with the wave generator 

that we used, we could not observe Ostrovskiy solitary waves. 

In semi-infinite ocean, for all cases, we observed nonlinear Kelvin waves, 

propagating along the side-walL But the shape of the wave greatly depends of the 

initial condition. When this condition is bi-dimensional, as in the infinite ocean, 

then the wave crest is curved backward, as in a channel, and that curvature is likely 

c1ue to the superposition of a Kelvin solitary wave and Poincare waves propagating at 

the same phase-~peed_ Actually, it can be shown that Poincare waves are but 

superpositions of Sverdrup waves propagating in two symetrical directions. But when 

the initial condition is three-dimensional, and roughly correspond to a Kelvin wave, 

then what is observed downstream is a nonlinear Kelvin wave, with a crest 

perpendicular to the side, and propagating with a celerity faster than the critical 

phase-speed. 

To our knowledge, it is the first time that such a complete set of experimental data 

ana analytical developments is available, for long nonlinear waves in rotating fluid. 

Now, if the generation mechanism is a cylindrical body moving along a vertical wall 

ana all located in the lower layer, i! the lower layer is thinner than the upper 

layer, then the body generates nonlinear Kelvin waves which propagate downstreai!l- in 

front of the body, as in a channel, and their crest is curved backward- The amplitude 

ana number of waves observed at a given place downstream the body, is function of the 

distance between the body and the wall, as well as of the diameter of the body. If 

the lower layer is thicker than the upper layer, then there is no wave generation, 

but only an upwelling generation, and the front of this upwelling moves at the 

critical phase speed- This models the upwelling and waves generated by an island 

located near a coast- Some experiments were also realized with a cape, and gave 

similar results. 
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O-VIII9 
Double diffusive activities in the Cretan Sea during late Summer 

1987 

G. ZODIATIS 

National Centre for Marine Research, Aghios Kosmas, 166 04, Athens (Greece) 

The pt·of'iles of' the hydt·ological characteristics <T,S> 
.finestructure are e:<amined in the Ct·etan Sea during the POEM-5 cruise, 
Septembet· - October 1987. CTD <SBE-9) data -ft·om 20 stations (Fig. 1) 
ave1·aged to 1 data pet· second o-f the o•·iginal data wh1ch sampled at 33 
Hz with a lowet·ing speed o-F about 0. 75 m/sec.. The data 1n.terpolated 
with 1 dbar spacing and then are used -for di-f-Fer·ent -Finestructure 

analyses. 

Fig.1 

'0" 2tf' 

The study at·ea showing the location o-f the 
hydr-ographic stations dut·ing the POEM-5 cruise .. 

One of' the mechanisms that can genet·ate the -finestructure o-f the 
T-S charactet·istics is the double di-f-fusive convection <Fedorov 1978, 
Karl in 1988 et al.). Generally is considet·ed that the double di-f-fusion 
and especially the salt f'inget·ing is an impm·tant process -fat· the 
vet·tical transpm·tation of' heat and salt in the watet· column resulted 
by the dif'f'et·ent values of' a and e coe-f-ficients <Turner 1985). 

To -find the natLwe and the stt·ength o-f double di-f-fusive activities, 
in the Ct·etan Sea, the pat·ameter of' Turnet· angle <Tul is computed at 
depths between 100-500 dbars. 

The observed prof'i les structure, at the majority o-f the examined 
depth intet·val, indicate that salt f'inget·ing pt·ocess might be occured. 
The hydt·ological conditions o-f the watet· at the above water columns are 
wat·m and saline watet· overlying colder less saline water, 
charactet·izired as LIW of' Cretan Sea. Turner angle pro-files veri-fy the 
prevalence of' the salt -fingering t·egim. 

The stability t·egimes o-f double - di-f-fusion \salt -fingering, 
di-f-fusive, stable, unstable), -fm· all stations in the investigated 
at·ea, at·e illustt·ated in the Turner angle <Tul histogram <Fig.2). The 
stipped areas indicate the salt -fingering and di-f-fusive layering 
portions. The maximum Tu volume of' 58/. corresponding to the salt 
-fingering while only 11/. -fat· the di-f-fusive convection. 

The above ver-tical distt·ibution of' Tu shows the predominance role 
of' salt f'inget·ing process in the -formation of' the f'inestructure o-f 
Cretan watet· at intermediate depths. 

TURNER ANGLE - CRETAN SEA 
POEM-5 (100-500 dbars) 

I 01f tuSl ve I SUble I Finger& I lklst. 

~~-~~-----~~o~t· ____ l~~s ___ o~----~-l----~~"-t.~2--1~----~---,-l 

15 

Fig.2 Tur·net· angle histogt·am with the stability regimes o-f 
double - di-f-fusion -fat· all stations in the Cretan Sea. 

late summer 1987. 
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0-IXl 
Atmospheric Long Range Transport of pollutants to the North Western 

Mediterranean 

Marta ALARCON" , Antonio CRUZADO: and Sergio AlONSO

•eentre d'Estudis Avan~ats de Blanes, Blanes (Spain) 
""Department of Physics, Group of Geophysical Fluid Dynamics, Balears Islands University (Spain) 

Large quantities of substances of natural or anthro
pogenic origin enter the marine environment through 
the atmosphere, from both coastal and distant 
sources. This is especially true for semienclosed 
seas such as the Mediterrane~_!!_ ~.ea. Preliminary esti
mations of the fluxes of subst-an-ces such as Hg, Cd, 
Pb and Cr, confirm that the atmospheric transport for 
these substances is, at least, comparable in magni
tude to the riverine inputs <MED POL, 1989). 

In a recent study <Alarcon and Cruzado, 1990) the 
nutrient fluxes <nitrate, nitrite, ammonia, phosphate 
and silicate) indicate that the deposition amounts 
are of the same order of magnitude to that of the 
vertical diffusive fluxes from deep waters into the 
photic zone. Therefore the atmosphere could be an 
important source of nutrients for the marine produc
tivity, mainly in oligotrophic waters, as is the 
greates~ part of the Mediterranean Sea. 

The meteorology of the Mediterranean region is par
ticularly variable both spatially and temporally, and 
this variability is due, partly, to the hilly 
orography. The topography behind the coastline around 
all the Mediterranean is complex. This can interact 
with the long range atmospheric flux inside the 
boundary layer influencing the horizontal transport 
and the vertical mixing of the substances by complex 
mechanisms. 

At first, the knowledge of the deposition processes 
of the aerosol particles, combined with transport 
models should allow an evaluation of the net 
transfer rate from air to sea of particulate matter. 

Computation of air parcel trajectories is a very 
powerful tool to estimate the long-range transport of 
substances. In this study we have computerized an 
isentropic method due to Petersen and Uccellini 
<1979) to simulate long- distance transport of sub-
stances .. 

The isentropic approximation reduces a tridimensional 
trajectory computation to a bidimensional problem. 
The air parcel moves above isentropic surfaces. 
Although only the horizontal components of the wind 
are used, the vertical velocity of the particle is 
not ignored. It is implicitly taken into account 
through the contour and the temporal variation of the 
isentropic suyface. 

Trajectories are computed applying an explicit system 
of equation based in the theory of the "discrete 
model" developed by Greenspan (1972), to the atmos
pheric equations of the movement. Trajectories are 
constructed in an isentropic framework, from the 
movement equations, where the pressure fields 
represen- ted by the Montgomerystream fuction, 
CpT+gz. 

The model calculates parcel positions in time steps 
of 900 s. A trajectory segment is integrated by 48 
time steps. Acceleration is computed from the gradi
ent of the Montgomery streamfunctio~, and then veloc
ity and position are interpolated for the next time 
step. The process is repeted ~or the succesive time 
steps to complete a 12 hours trajectory segment. 

The stability of this process is discussed by Pet
ersen and Uccellini (1979>, and conclude that this 
explicit method is stable for time increments between 
300 and 1800 
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O-IX2 
Les apports d'eau douce en mer de Monaco 

M. BOISSOW , L. PRIEUR•• et J.-L RAPAIRE• 

•centre Scientifique de Monaco (Monaco) 
••Laboratoire de Physiq~ et Chimie Marines, Villefranche-sur-Mer (France) 

L'hydrologie cotiere est, devant Monaco, en grande partie regie 
par le courant Ligure. Les eaux superficielles sont poussees vers la 
cote par ce courant. L'eau douce, principal vecteur des polluants, se 
melange avec ces eaux de surface et est ainsi maintenue pres des cotes 
{ASTRALDI M.et all.l988). Deja GOSTAN (1967) signalait une correlation 
entre les variations du debit des fleuves voisins de Monaco et les 
changements de salinite de surface. BONG (1983) attribue !'observation 
d'une dessalure devant Nice au passage des eaux de l'Arno dont 
!'embouchure est a plus de 100 km. Nous nous proposons, en comparant 
les variations de debit de la Roya aux changements de salinite dans la 
baie, de determiner le temps de transit et la zone d'extension de 
1' eau apportee par la Roya en baie de Monaco. 

La salinite a ete mesuree au cours de deux periodes. La premiere 
de 1976 a 1978 ou la salinite de surface a ete mesuree toutes les 
semaines dans la baie a 27 stations reparties suivant un quadrillage 
regulier et au large, a une station situee a 6,5 milles servant de 
temoin. La deuxieme entre 1978 et 1983 ou la salinite de la colonne 
d'eau a ete mesuree bimensuellement aux immersions standard, a trois 
des 27 stations precedentes et au temoin jusqu' au bas de la coucbe 
euphotique. Le debit de la Roya a ete releve quotidiennement a 
BreiljRoya. ce debit est significativement correle a la pluviometrie 
du bassin Ligure. 

Resultats: L'apport d'eau douce a l'eau de mer de la baie a ete 
estime en comparant les salinites de surface a celle du temoin. En 
moyenne il peut etre represente par une lame virtuelle d' eau douce, 
non melangee a 1' eau sous-j acente, d' epaisseur el- 11mm pendant la 
premiere periode. Durant la deuxieme periode cette lame est deux fois 
moins epaisse d'ou un rapport e1je2= 2, alors que celui du debit de la 
Roya pour ces deux memes periodes est R1/R2 = 1, 6. 

Le debit de la Roya et les salinites sont correles. Le maximum de 
correlation s'obtient en decalant le debit de la Roya de deux jours 
pendant la premiere periode et de quatre jours pendant la deuxie.e 
periode (tableau) . Pour cette derniere periode les correlations et -les 
pentes des droites de regression sont systematiquement plus elevtiea. 
Les differences de pente sont significatives et plus importantea au 
large quI a la COte • 

Le debit d' eau douce passant devant Monaco est proportionnel it 
celui de la Roya et est egal a "e.b.v" avec e epaisseur de la lame 
d' eau douce, b la largeur de la bande de propagation de 1' eau douce 
vers le large, v la vitesse du courant. Si R est le debit de la Roya, 
T le temps de transit entre la Roya et la baie de Monaco, E le temps 
de parcours entre le point de mesure du debit de la Roya et son 
embouchure, on constate, en comparant les deux periodes auxquelles on 
affecte respect! vement les indices 1 et 2: 

(elb1v1)j{e2b2v2) = R1/R2 et v1jv2 = {T1+liT)/Tl avec T2-T1 ={IT 
s7lon les observations elje2 = 2, Rl/R2 = 1,6 ll T = 2 jours 
Sl. £ =0 et Tl=2 on a: 
bl/b2 = 1/2, T2 = 4 jours, v1= 9,2 cmjs et v2 = 4,6 cmjs. 

I?'une maniere plus realiste, avec £ = 1 on trouve T1 • 1 jour, T:Z - 3 
JOUrs, bljb2 = 1/3,75 V1= 18,5 cmjs et v2 • 6,17 cmjs. v2 eat ainsi i. 
3% pr~s la vitesse de la composante parallele au rivage du courant 
:~s~~~- a

1
;;g) ~etres sur le plateau continental de Monaco (ASTRALDI M. 

En admettant un temps de parcours & de l'ordre d'un jour, il 
<:pparait CIU;e pendant la deuxieme periode les eaux douces ae sont 
e~a~ees env1.ron quatre fois plus vers le large que pendant la pr-i•re 
perJ.ode. CJ;l1/b2 = ~, 75) alors que pendant la premiere periode le debit 
de la r1.v1.ere eta1.t 60% plus fort, et la vitesse du courant trois tois 
p~us grande. Or cette deuxieme periode se caracterise par une 
se::heresse ( BETHOU~ N. et all 1983) qui conduit a un flux plus 
fal.ble du courant L1.gure (PRIEUR L. et all. 1983). On conclut, en 
a~m~ttant _que la secheresse soit une consequence de conditions 
m~te0r0l0gl.ques clementeS 1 que 1' eaU dOUCe deversee a la COte Se 
detecte d' a_ut_ant plus loin et d' autant plus longtemps que 1' on se 
trouve en per1.ode de beau temps. 
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Radiation Measurements in the Tyrrhenian Sea during TEMPO 

E. BOHM•, R.-M. LEONARDI .. , S. MARULLO", R. SANTOLERI .. and M.-E. SCHIANO .. 

"Telespazio, Earth Observation Division, Via Tiburtina 965, 00165 Roma (Italy) 
.. lstituto di Fisica deii'Atmosfera. CNR, P. le Sturzo 31, 00144 Roma (Italy) 

Measurements of the various components of the radiation budget were made 

from the R/V Minerva of the Italian National Research Council (CNR) in the 

North Tyrrhenian sea , during the 1989 Tyrrhenian Eddy Multi-Platform 

Observations (TEMPO) experiment (September 26 - October 9, 1989). 

The two main objectives of TEMPO were the investigation of the structure 

of the North Tyrrhenian Sea and intercalibration and validation of 

measurements from different sources (satellite, aircraft and ship) in 

order to study the upper ocean response to the atmospheric forcing in the 

vicinity of eddies and fronts. 

Budget measurements were aimed at quantifying both air-sea radiative 

exchanges, as one of the possible forcing of dynamic of the basin, and to 

study the effect of a sea surface temperature (SST) front on the terms of 

radiative budget. 

The short- and long-wave irradiances were directly measured by two 

piranometers and two pyrgeometers, respect! vely. The instruments were 

'gimbal mounted on the upper bridge of the ship. Two instruments were used 

for each measured component, in order to avoid the shadows of ship 

superstructure and provide redundant information for quality control 

purposes. The long-wave exitance was calculated from sea surface 

temperature measured by radiometer, mounted on a boom over the bow of N/0 

Minerva. All the data were sampled at 1Hz quality controlled and averaged 

over 1 minute time intervals. 

The short-wave upwelling radiance and albedo were calculated from 

smoothed observations of Payne {1972) relating .albedo to solar zenith 

angle and short-wave trasmittance. 

Each component of the balance was analyzed to examine its behavior across 

the SST front associated with the Tyrrhenian Eddy. The presence of the 

eddy has been evidenced by means of the SST radiometer measurements and 

confirmed either by the satellite images or by the hydrographic data 

obtained during the cruise. The difference of temperature between the eddy 

and the surrounding waters results approximately 2. 5 ·c. A strong 

correlation between the upwelling and downwelling long-wave radiation was 

observed in the vicinity of the front revealing a correspondence between 

atmospheric and marine structure acros_s the Tyrrhenian front. 

The daily mean short-wave irradiance ranges from 150 to 220 wm-2 while the 

daily long-wave irradiance ranges from 420 to 470 wm-2 and therefore its 

contribution to the net budget is more relevant. The daily value of the 

upwelling infrared radiance is rather constant over the entire period (420 

Wm-2). 

The net radiation budget was computed from our data. The daily mean value 

ranges from to 180 to 300 wm-2 and is modulated by the behaviour of the 

visible downwelling radiation. The nocturnal budget shows a negative 

trend from 50 to approximately 0 wm-2 in agreement with the transition to 

colder weather conditions typical of this period of the year. 

Several empirical models exist in literature to evaluate the short and 

long wave irradiance from weather measurements, these models are tested 

only for open ocean, while their possible use for a close basin, like the 

Mediterranean Sea, is to be verified. Therefore, empirical formulae for 

calculating short-;-wave radiative flux were compared with measurements. A 

formula by Lamb (1964) for determining the incident solar flux given solar 

altitude, cloud amount and cloud type, agrees with our measurements within 

10%. Similar results were obtained comparing our data with the empirical 

formulae of Reed {1977). 

Comparison between long wave irradiance and empiric:al formulae is planned 

in order to test the different models for the Mediterranean Sea case. 
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O-IX4 
The surge variability and its relation to meteorological conditions at 

Alexandria (Egypt) 

A.-A. H. El-GINDY• , Sharaf S.-H. El-DIW• and Z. MOURSY• .. 

•Qatar University, Marine Science Department (Qatar) 
••Alexandria University, Faculty of Science, Oceanography Department, Alexandria (Egypt) 

•••Institute of Fisheries and Hydrography, Anfoushy, Alexandria (Egypt) 

This work presents the general meteorological conditions 
affecting the surge height at Alexandria_ Different time scales 
are discussed and investigated on the basis of previous studies 
as well as on analysis of sea level and meteorological data in 
the Western Harbour. The mechanisms of surge generation in Summer 
and Winter storms are discussed _The monthly mean surge time 
series are characterized by one year cycle with high surge in 
Summer and low surge in Winter, this evidence was explained by 
the atmospheric pressure gradient in Summer as well as persistent 
wave action by NW winds. The daily mean surge for a year record 
showed decreasing spectral denisty from low to high frequency 
range with no peaks in the range of 2 to 72 days period. The 
conditions of occurence of strong and moderate storm surge 
conditions are explained. 
Some strong surge events which happens when a deep Cyclone center 
passes nearby the Egyptian Coastal Zone, with strong W or SW winds 
are described, and the number of stormy days in Decmber, January, 
February and March are tabulated for the period ( 197 4-1983) , to 
show the probability of occurence of storm during winter season 
at Alexandria. 

'''"'~-. ---~+-~-+-~-+~---1~-.-t.,-(?C/I<ONTH} 

Spectral deneity of monthly me~n surQ'e in the Western 
Harbour ot Alexandria (1974-196:3) With 120 data pionts 
and 30 lal'e. 
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0-IXs 
On the radiative Components of the heat Budget over the Sea 

Giuseppe FLOCCHINI 

Dister, Sezione Geofisica, Universita di Genova (ltalia) 

The knowledge of the radiative budget over the sea is very 
important because it contributes towards the heat surface budget 
more than other fluxes.Moreover,the knowledge of its components is 
very important not only for the understanding of many 
meteorological and oceanographical problems but also because it 
supplies to biologists and oecologists useful informations for the 
analysis of the ecosystems. 

The sea surface receives the solar and atmospheric radiations 
from above which are partly absorbed and partly reflected;simultane 
ously the -sea losses heat as long-wave radiation and with 
convective exchanges ,evaporation and other mechanisms of smaller 
importance.Direct measurements of radiative fluxes over the sea 
surface are relatively few because of the difficulties of these 
measurements.Generally the radiative fluxes over the sea regions 
are estimated on seasonal or monthly scales by empirical formulas 
which use as "imputs" the meteorological parameters that are more 
easily measurable. Up to new, the direct measurements of the 
radiative fluxes were made only in Pacific and Atlantic areas and 
in some coastal regions in order to determine the surface heat 
budget over the sea . 

The present work reports the measurements of the radiative fluxes 
made during the oceanographic cruise of the Minerva ship in 
Sardinian and Tyrrhenian seas on second half of August 1987 .The 
measurements were made with stationary ship and on the 2000 m 
bathimetric. The downward ( .j. ) and upward ( t ) radiation fluxes were 
measured continuously by means of Moll-Gorczynski thermopiles which 
were linked to an electronic recorder ;the sensors for the incident 
radiation were installed on the quarter-deck and those for the 
fluxes coming from the bottom on the end of a boom 6m long and 
about 3 m above the sea surface. A cardan system has been used in 
order to keep the apparatus horizontal on average during the pitch 
and the rolling of the ship.The sensors receiving the short-wave 
(0.29-2.8 p) radiation were covered by means of semispherical 
quartz d_omes while the surface of the elements for the long-wave 
(0.29-60 }l) radiation was covered by a moulded polyetilene dome.The 
calibration of the solarimeters was made before and after the 
cruise ;the constants deduced from the two calibrations differed by 
only about 1% . The maximum mistake which may concern the short
wave fluxes,G,is smaller than 5% with low solar heights and only 
1. 5% during the central hours of the day while the mistake for the 
long-wave radiations ,L,can be 10% ; this high value is consistent 
with those generally attributed in literature to measurements of 
this type.The long-wave radiation in presence of global radiation 
was' determined as difference between the values obtained by 
thermopiles covered with lupolene and quartz respectively;therefore 
in the daytime the portion attributable to the long-wave radiation 
was obtained with these semidirect measurements.The amount of 
radiation penetrating the sea was obtained by subtracting the 
reflection loss from the global incoming radiation.All the fluxes 
are given in w;m2 and they were considered as positive if downward 
and negative in opposite way.At the beginning of every hour were 
measured also the meteorological parameters (atmospheric pressure , 
air and sea surface temperature, wet-bulb temperature, wind, overcast) 
in order to determine the surface heat budget. 
The surface radiative budget,~ ,can be expressed by the following 
relation : 

QR = G+ + Gf + L~ + d 

where :· G+ and Gt are the incident and reflected solar radiation 
respectively ,L+ is the long-wave atmospheric radiation and L tthe 
long-wave radiation of the sea plus the atmospheric radiation 
reflected by the sea itself. 
The hourl~ values of Govaried between 417.4 w;m2 (August 20th) and 
279.7 W/m (August 27th).The difference is mainly the result of a 
different amount of clouds;during the 20th August the sky was 
completely clear while on 27th day at morning the sky was almost 
completely covered by low and middle-level clouds . The G t mean 
hourly values varied between 28.7 w;m2 and 18.1 w;m2 .In average, 
the mean hourly values of G-lwere 383.1 w;m2 and those of Gt25.7 
w;m2 .The variations of the global incident mean hourly fluxes were 
more marked than those of the global reflected solar radiation as 
showed by the values of the standard dev. . Therefore a great amount 
(about 94 %) of the solar radiation penetrating the sea increases 
the water temperature and therefore the long-wave flux outgoing the 
sea surface. The atmospheric radiation was always smaller, expecially 

~~;~o~e~:rva~~~;t~~~w!~~ 31~;:8-w:;:2 ~~~i~g5/~0:;;~ewh~~~;~~: nr~~ 
lues were between 413.8 w;m2 and and 429.1 w;m2 ;on average during 
the whole period the values of the incident and outgoing long-wave 
fluxes were 351.3 w;m2 and 421.0 w;m2 respectively;the upward flux 
was more unchangeable.The measured values of the atmospheric 
radiation are in reasonable agreement with those estimated from the 
formula proposed by BRUTSAERT.Measurements of atmospheric radiation 
made to West of Sardinia by means of Meteosat at 12h GMT April 29th 
have given a value of 320 w;m2 . 
During the measurement period the average short-wave radiation 
balance,Qs,was 357 24 w;m2 while the long-wave balance,Q1 ,was 

~~~!ii~~ ~;;~7 7w7~lJ. )T~:~e ~~~u~~e~~~~a~fze v:~:eprwi'::ar~0~~~~:~a~~~ 
which the radiative components have in determining the heat balance 
of the sea surface in August in the central sardinian and 
Tyrrhenian seas.Moreover,their knowledge is useful in calibrating 
the satellite systems. 
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O-IX6 

Estimation of the vertical eddy diffusion coefficient of heat in the 
Gulf of Trieste (Northern Adriatic) 

Vlado MALACIC 

Marine Biological Station Piran, Institute of Biology, University of Ljubljana, JLA 65, 66330 Piran, Slovenia 
(Yugoslavia) 

Vertical eddy diffusion coefficient of heat (VEDCH) has been 

computed from a least squares trigonometric fit of temperatures at 

four levels of the water column from January 1986 to September 

1989. This coefficient is supposed to be in the form of a constant 

and a time and depth function. In climatological time scales, the 

constant coefficient is sufficient for the description of the 

annual temperature changes in the lower part of the water column. 

For the upper part of the column, the possible range of values of 

the coefficient for the shallow Gulf of Trieste were estimated. 

The solution of the diffusion equation of heat can be proposed, 

where the only source term of heat is due to irradiance absorption 

varying through the year, and where the VEDCH is supposed to be 

dependent on the vertical gradient of temperature, annual surface 

irradiance, and on the absorption coefficient estimated from the 

Secchl disc measurements. The temperature measurements done for 

several years at the fixed station, one mile from the coast at the 

entrance of the Gulf of Trieste were then fitted with the form of 

the solution of the diffusion equation, where the trigonometric 

time dependency was assumed (Fig. 1). Annual variation of VEIJCII 

was estimated from annual irradiance cycle, from measurements of 

Secchi disc depth and from phase shift changes with depth of 

trigonometric fits of temperature measurements. The method was in 

principle already discussed by Fjeldstad (1933). This can also be 

the base for other estimations of vertical turbulent diffusion 

parameters, like the coefficient of turbulent diffusion of 

nutrients. 

VEDCH at the entrance of the Gulf of Trieste has values from 

1.1 - 2. 5 • 10-4 m2js, the variations being naturally the greatest 

at the surface. VEDCH for the upper part of the water column 

reaches its minimum in the summer, when a strong temperature 

stratification is present. In the lower part of the water column, 

Figure 1 
<00 

t{days) 

Trigonometric fits of temperatures taken from four depths at the 
station F(45°32.33'N, l3°33.10'E) at the entrance of the gulf· of 

· Triestefrom January 1986 to September 1989 for: a) 0 m, b) 5 m, c) 
10 m, d) 21 m depths (bottom). 

the annual variations of VEDCH are almost negligible and VEDCH has 

bigger values from those at the surface, about 2. 5" 10-
4 

m2js. 

The above result was obtained from a simple one-dimensional 

diffusion model of heat, by using a hypothetical solution for 

temperature and a hypothetical form of VEDCH, which Yas depended 

only on the temperature stratification for simplicity. The 

solution has been adapted to the least squares fits trigonometric 

solutions of temperature at the four depths. The effect of 

salinity stratification at the surface (Stravisi, 1983), which 

reduces the VEDCH at the surface during the season, and the 

surface fluxes of heat and advection (Stravls1 and Crlsciani, 

1986) still remains to be considered and was discussed in Halacic 

(1990). 

References 

FJELSTAD J., 1933. Warmeleitung 1m Heere. Geophysiske 
Publ1kasjoner, v.lO, no. 7, 20pp. Oslo. 
STRAVISI F., 1983. The vertical structure annual cycle of the mass 
field parameters in the Gulf of Trieste, Boll. Ocean. Teor. e 
Appl., 1 (3), 239-250. 
STRAVISI F., Crlsclani F., 1986. Estimation of surface heat and 
buoyancy fluxes in the Gulf of Trieste by means of bulk formulas, 
Boll. di Oceano!. Teor. ed Appl., 4 (I), 55-61. 
HALACIC V., 1990. Estimation of the vertical eddy diffusion 
coefficient of heat in the Gulf of Trieste (Northern Adriatic), 
Oceano!. Acta (submitted). 

Rapp. Comm int. Mer Medit., 32, I ( I990). 

192 

O-IX7 
Resultats preliminaires sur !'utilisation des parametres 

meteorologiques standard au pronostic de Ia structure thermique de 
Ia couche superficielle de Ia mer 

Adriana POPA 

Laboratoire de Geologie Marine et Sedimentologie - Constanta (Romania) 

Le travail pr~sente les ~sultats obtenus par l•application d• un modMe unldimensi
onnel du type "plaq,ue" {1) .ll.a simulation de l.a structure tbermique de l.a couche superfici
elle de l.a mer• Dans ce modMe, l•~volution de l.a temp~rature de l.a couche m~l.ang~e- con
sld~~e comma une plaque avec l.a temp~rature et l.a .vltesse constantes, au-dessus d• une 
couche en repos- est l•etret de deux m~canlsmes antagonl9.ues: le premier- l.a formation 
d• une strailllcation stable comme denslt~ ii. l.a suite de 1' absorbtion de l.a radiation solaire 
en eau, et le second - le m~l.ange vertical d\1 au "s/'ear" gl!nl!r~ par l.a tension tangentielle 
du vent. Le crlt~re du m~l.ange est consld~rl! le numl!ro Froade de l.a plaque, c r est-ll.-dlre 
le rapport entre l•l!nergle cln~tique disponlble pour le ml!l.ange et l'l!nergle potentielle d~· 
l.a stratification de densitl!. Le modele nl!glige les processus de diffusion et d•advection,ena 
considllrant seulement 1• ~change local vertical d•l!nergie tbermique et clnl!tique. Grice aux 
conditions spl!cifiques du plateau continental roumaln, on a lnclus dans le calcul des varia
tions de denslt~ un terme propre aux variations de salinitl!, calci«l!es selon l.a tenclance et 
llosclll.ation annuelle de l.a salinitl! a chaque protondeur, alnsi qu•elles rl!sultant de !•ana
lyse statistiques des rangs de valeurs mesurl!es pendant les campagnes hydrologi'lues. Les 
donnl!es d•entr~e clans 1e modEile furent les profiles rl!els de templ!rature et de salinlt~, ml!
sur~s au point voulu, au moment temporal consid~rl! comme init.lal, alnsi que l.a vltesse et 
l.a direction du courant clans la couche superficielle. 

Pour le calcul des compoaantes du bil.an tbermlque (2) al'lnterface alr-eau, au lieu 
des valeurs 11in-sltu 11 des parametres m~t~orologl'lues on a utilis~ les valeurs mesurlles ii. 
la station Constanta cSte, pour l.a vltesse du vent et l.a templ!rature de l'eau appli'luant lea 
corrections ,rl!sul!lles de la corrl!l.ation statistique d,e certaines s~ries de mensurations si
multanl!es, a l.a cote et au large, de ces deux parametres. 

Les rl!sultats du roulement du modir.le {programml! en l.angage FORTRAN) pour une 
pl!riode de 12 ans, avec le pas du temps de 6 heures et le pas de profondeur de 1 m, dans 
un point sltul! a 30 Mm Est Constanta, ont l!tl! rapportlls aux protlls ~els de tem~rature et 
sallnltl! mesurl!s pendant les campagnes hydrologiques clans ce point-14. La concordance des 
proflls mesur~s et calcull!s est b~nne pour l.a couche .su~rieure avec une l!paisseur dtenvi
ron 10m {l!carts au-dessous de 2 C) et moins bonne aux profondeurs plus irandes. PourJ.es 
p~riodes de temps plus courtes (de quelques semalnes juscju•A un mois), l.a concordance est 
bonne sur tout le protll. • 

Afin d• utlliser le modele en rllglme de pronoslilc# il taut le coupler a unn JPOd~le slml
lalre de pronostic des param~tres m~tl!orologiques de dur~e moyenne ou longue~ 'Jl:n absence 
d' un tel modi!le, on ·a tente d' &luder l.a nkessitl! d' utilisation des valeurs mesurles "in si
tu" de ces parametres, en'optimallsant1es rangs longs des valeurs mesur~ea ala c8te, l 
11 alde du calcul.ateur. Dans ce but, on a analysl! s~parl!ment jlllnfluence de chaque p&riUII._ 
tre ml!t~orologique (vent, tem~rature de l'alr, humiditll, nllbuloslt~, radiation globale)sur 
chacune des composantes du bil.an tbermique prise l!. part (chaleur sensible, dl3.,.aporatlon 
ep effective), alnsi 'lue sur l.a 9-uantitl! totale de chaleur llchanglle entre l•ah' et l•eaupar la 
surface de sl!paration0 

Etant donnl!. q,u'en dehors de la radiation refll!tlle aucune autre composante du bllan 
thermiquc ne dllpend lin~airement des parami!tres ml!tl!orologlques, et que.les fonctions ded3-
pendance sont complexes et rendent ditticile ltoptimallsation analyti<tue des llquations de 
cha'lue composante, on a test~! diverses variantes d•entrl!e des parametres mltl!orolocl'\Pes1 

P(m) 

-- ]jes profils finals mesur~a "in situ" 
:Lea 11rofils finals calcul~s. avec les valeurs moyennes pour 
la telllJ?~.rature de l'ai.r,ll·llumidit~ et la .radiatiou globale, 
les valeura ll!i.nilllales de la vitesEe du vent et J:~~<q4aAles de 
la J&~bulosit~•l'endant une semaine (A) et un mois I.B). 

0 ~~~~~8~·~1o~-u~·~·~f~~~~~~~~~~~~~~~~----+T(~) 

Les profils .finals mesures "in situ" 

c 
2o Milt 

6.o8-2o.o8 1986 

Les J!ro.fils finals calcu:t~o avec les. valeurs moyennes pour 
la vitesse a~ ven·~,humidit~ et templlratur.e de l'air;mini.!. 
wales de la ntibulositti et maximales de la radiation globale, 
peudant oeux aemaines;',(G). 

calcul.ant les protlls de templ!rature pour chaq,ue varlante et les comparant ii. ceux mesur~s 
a divers intervalles de temps: une semalne, deux semalnes et un mols, en deux points situ
lis ~ une distance de 20 et ~respectivement,Jo Mm de 1a cate. Gn a ciressl! environ 10 vari
antes pour chacun des deux points, en combinab.t les valeurs minlmales, moyennes et· ma.xl.
males des parametres ml!tl!orologiques analysl!s par statistique· pour chaque jour et chaque 
heure de 1• intervalle du temps pronostiqutl, comparativement A la variante des valeurs me• 
surl!es de ces parsm~tres sur la c<lte. La comparaison des proflls de templ!rature lndique 
'lu'au printemps on peut utiliser, pour le pronostic d'une semalne, une variante 'lui sesert 
des valeurs moyennes des longs rangs de donnl!es mesurl!es sur l.a cSte pour Is tem~rature 
de l'ali'f l'humiditl! et l.a radiation globale, des valeurs minlmales de l.a vitesse du vent et 
des valeurs maxlmales de Ia n~bulosit~ (lttlcart maximal de l.a temp~rature calcul~e par rap
port a cella mesl~Ne sur tout le profil a 3~ de 0 1 !l5° C). En 3t3, une varlante torm3e des 
valeurs moyennes de l.a vitesse du ·vent, de l•humiditl! et de l.a tem~rature de l•alr, aux
'luelles s•ajoute les valeurs minlmales de la nl!bulosltl! et celles maxlmales de l.a radiation 
globale, conduit ll.J.a reproduction tidille du profile de tem~rature, qui, deux semalnes a
prlls, a un l!cart de moins de 0,3°C par rapport .l celul ,mesurl!. 
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O-IX8 
Computation of the Surface Heat Flux by means of bulk formulas in 

EJ-Max Bay, Alexandria (Egypt) 
M.-A. SAID 

National Institute of Oceanography & Fisheries, Kaye! Bey, Alexandria (Egypt) 

El-Mex Bay, west of Alexandria, extends for about 15 km and has a 

mean depth of 10m. It • s surface area is of about 19.4 km2 and its vol

ume 190.3 x 106 m3. It receives a heavy load of wastewater (2.4 x 109 

m3 I year) both directly from industrial outfalls or indirectly from 

Lake Maryut via El-Mex Pumping Station. 
Throughout the period from January to December 1988, 12 trips were 

carried out in ~:1-Mex Bay area using a motor boat. Temperature and sa

linity were measured at discrete depths from seven hydrographic stati

ons. In particular, monthly data were there given as function of depth 

describing the mass field chatacteristics of the water column through 

a year of 1988. The monthly mean climatological data from Ras El-Tin 

Meteorological Station at Alexandria for the 15 years (1970-1984) have 

been used for the computations of the heat flux. 

The total upward heat flux Q from the sea surface consists of the 

upward flux of long wave radiation Q1 , latent heat flux Qe and the se

nsible heat flux· Qc less the absorbed global irradiation Qs : 

Q=Ql+Qe+Qc-Qs (1) 
.Formulas for computation of Q1 , Qe and Qc are taken from Stravisi and 

Crisciani (1986) which are given according to Gill (1982). A detailed 

discussion of the formulas is presented in Stravisi and Crisciani 

(1986). Rate of absorption of global solar irradiation Qs is given by 

Qs = ( 1 - An ) Qn· 
where ~ is the sea surface albedo and can be calculated from tables 

(Kolesnikov, 1970). Qn is the global solar irradiance calculated at 
the sea level using Timofeev•s equations (1970). The heat flux (1) re

leased from the sea surface is the difference Q .. Qb - Q9 between an 

input flux Qb through the other boundaries, mainly due to advection, 

and 
-ce 

~ "'cw J'h 'dt 

representing the rate of heat storage in the sea, in a vertical water 

column of depth h and unit horizontal surface; e is the vertical mean 

$eawater temperature, Cw • 3.98 x 103 JKg-1 K-1 is the average sea

water specific heat at constant pressure. The boundary heat flux Qb in 

a basin can be computed once Q and ~ have been evaluated. 

The monthly mean values oi the computed heat flux are listed in 
table 1. 

.. , July Allcuu Septc11bar October 

66 • .24 

1411,fo7 

-7.28 

------------·-----··------------------------------------------------------------------------------ ... ---------------------·-----
Q 89,!3 44,17 •HI.l4 -e:1,JS2 •110,29 -1)4.15 •12\11.02 -89.U. •22.85 

~ •18,00 1lo,9! H.64 24,97 U.l;J6 ~6.10 21.20 -U.l6 -28,40 •11.40 -.H.ll •!9.la 

QIJ 1l~lB S9.l5 .. l • .SO -u.as -48~63 -ia.o.s -107.82 ·l04.S2 -51.25 

For a better comprehension of the "heat sink" character of El-Mex 

Bay, the flux ~ of heat stored in the Bay has been computed, using a 

mean depth h = 10m, together with the heat Qb advected from the Bay 

tFig.1). The heat storage values vary from -59.28 in December to 

61.66 W m-2 in May. The flux Qb is negative during the period from 

March to October with an average of -59.89 W m-2 • From November to 

February, it varies between 8.80 and 71.38 W m-2 • 

100 ~~~r-~Mr-~--M~-TJ--~J __ ,__,s __ ,or-,Nr--or-,100 
Q. 
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Fig.1. Annual cycle of the he<tt storage ~ and the advected he9.t 

flux Qb in El-Mex Bay. 
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O-IX9 
Seasonal Heat Budget of the Southeastern Mediterranean Waters off 

the Egyptian Coast during 1983-1986 

M.-A. SAID• and A.-R. ABDEL-MOATJ .. 

•National Institute of Oceanography & Fisheries, Kayet Bey, Alexandria (Egypt) 
.. Oceanography Department, Faculty of Science, Alexandria University (Egypt) 

Heat-budget components of the Mediterranean waters off the .r;gyptian 

coast were studied from August 1983 to July 1986. During this period, 
eight cruises were carried out to the southeastern Mediterranean betw

een longitudes 29° 45'E and 33° 45'E using RV Noor Ya Nabi. Two separ
ate data sets were used in this study : standard meteorological measu
rements and hydrographic data. These meteorological measurements were 

taken every 3h while the ship was on station and used to compute the 
suri"ace heat budget. During each cruise, temperature and salinity were 
measured at discrete depths from 24 stations located along eight sect
ions extending perpendicular to the coast. Temperature corrections 
were made using calibration curves. Salinity was measured on a Beckman 

induction salinometer (Model RS-7C). 
The components of the heat budget of the shelf waters of the Egypt

ian Mediterranean coast were computed using Timofeev' s equations (1970 

& 1983), for details refer to Said (1987). From the calculations, the 

amount of heat loss through the sea surface due to back radiation is 

not more t:han -68.11 to -83.73 W m-2 • The heat lo'3" due to conductive 
heat excb,.nge ranged between -0.47 and -50.85 W m-2 , and that due to 

evaporation varied between -91.17 and 205.57 W m - 2 • Hence, evaporation 

was the main component affecting the monthly and seasonal fluctuations 

in the heat budget. Table 1 indicated the quantity of heat loss throu

gh the sea surface due to evaporation at the offshore stations. 

Table 1 • Heat loss (W m·2 ) due to evaporation frOlll the sea surface at the stations off the Egyptun coast. 

198) 8 5 
August february July October April July february July 

El-Agami (AC) -98.69 -113.15 -152.62 -101o.46 

Rosetta (RS) -101.19 -147.15 -117.83 -159.80 -163.87 

Burullus (B>) -151.68 -102.53 -114.19 -126.87 -158.09 

Damietta (0'1 -112.47 -97.35 -114.66 -129.62 -134.97 

Port Said (PS) -121.22 -120.13 -114.19 -132.04 -104.'!31 

£1-Tina. (H) -154.80 -146.73 -173.86 -134.55 -163.87 

8ardawil (8)) -161.99 -150.44 -183.86 -154.49 

£1-Ari~k. (AS} -143.56 -156.37 

Computed values of heat content (expressed as Kg w m-2 ) i"rom surf

ace to 100m for the offshore stations using the formula described by 
Pattullo et al (1969) are listed in table 2. 

Table- 2. Heat content, surface to 100m depth, at sc.ations off the Egyptian coast. Values ln kg w 111-2 • 

8 5 

Aus;ust February July October April July february July 

El-AJiA!li (.\C) 82.95 104.95 83.87 100.77 86.20 104.93 

Roset;.a 0.5) 83.73 98.68 87.85 1(16.17 

Buru.ll:.:$ (3R) S3.39 100.l.2 86.34 98.85 

Daoie::a {~:i} 99.72 8::?..02 87.19 100.50 

Port-5uC (PS) 107.55 102.25 86.62 106.22 89.71 97.68 

£1-Ti.:ta. \H) 84.92 101.59 

Barda.,1l(BO) 118.71 104.95 

£1-Arisb(..\S) 

ln the present work, the most important results are contained in 

tables 1 & 2. In order to compare the time series of evaporation and 

heat content, a mean value was obtained for each parameter for each 

cruise (Fig.1); the heat loss from the sea surface due to evaporation 
increases with increasing heat content. 
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0-IXlO 
Satellite Observations of Upwelling in the Gulf of Salerno 

E. SALUSTI' and E. ZAMBIANCHI'' 

'INFN, Department of Physics, "La Sapienza• University, Rome (Italy) 
''Earth Observation Division, Telespazio, Rome (Italy) 

The northern Tyrrhenian Sea is characterized by rather strong dynamics: 
the steady presence of a large eddy in correspondence of the Strait of 
Bonifacio is at present under investigation (see Moen, 1984; Bohm et al., 
1990) . on the contrary, the dynamics of the southern Tyrrhenian Sea are 
rather weak, and only small scale phenomena are interesting from a physical 
oceanography viewpoint, such as the tidally generated internal waves in the 
Strait of Messina (Alpers and Salusti, 1983). 

Here we describe a study performed on an area of the Southern Tyrrhenian 
sea, the Gulf of Salerno. 

We analyzed the onset and the evolution of upwelling events by means of 
satellite-derived Sea Surface Temperatures of the Gulf. It appears as though 
the upwelling front observed in the SST fields present typical patterns of 
frontal instabilities, presumably due to the strong shear associated with 
the wind-induced flow. This hypothesis seems to be confirmed by the observed 
patterns generated by the intrusion of wind driven waters into a relatively 
calm hydrographic situation-- see for instance the mushroom-shaped features 
which can be frequently seen in this zone. 

Therefore, the time evolution of the upwelling is studied in 
relationship with the meteorological forcing: particular attention is 
devoted to the role of orography in determining the prevalent wind direction. 

We also show how bottom topography strongly affects the shape of the 
cold water patches. 
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0-IXll 
New observations on superficial waters circulation In the Western 

part of the Black Sea 

G. SERPOIANU , F. SMOCOV and V. MALCIU 

Romanian Marine Research Institute, Constantza (Romania) 

The paper presents the results of a drifting floats 
(bottles) experiment effectuated on August 2nd 1988 in the central 
area of the Romanian continental shalf of the Black Sea (fig.l). A 
nUilber of 8?0 drifting bottles have been launchsd and 225 of them 
were recovered, along the entire western part of the Black Sea from 
Odessa to Bosporus and in ths southern part from Bosporus to Sinop. 
This experiment follows a more ample one (5000 drifting bottles 
launched in 3 stages, June, July and August 19?6) - whose results 
were published by Serpoianu and Nae (1977). 

For the explanation of the drifting floats traces, daily 
.resultants of the wind direction and speed for the month of August at 
Constantza have been calculated, using hourly meteorological observa
tions (fig.l a). The obtained data reveal wind inconstancy, a cha -
.racteristic of summer season at Romanian coast. This explains the 
instability of sea currents, emphasized by the identification places 
of the drifting floats (see fig.l). 

+. 
Lownchmg zone 

!::.§j.end 

Zone Rea:Jve/"f!t/' Poflks Per/od 
4.6 18.08· OS.IZ 

Jl 1,8 /8.08-05.09 
Ill 9 09.08-07.09 
IV' 62 05.08 -J0.08 
I" 35 H.OIJ- 23.08 

Bvlgar/.9 2 29.09- O:J.I(J 

TvrKey 23 09.09- U.I(J 

2!1' .J(JD 

t=ij. I Results of' lhe tlrlf'fing /;ottels ex,oer!menf (August 1988}. 

We must notify tha1; 67 ~ of the total recove.red floats have 
been identified in .A.ugust, exclusively f.rom .Odessa to Jlangalia. At 
Bulgarian coasts 3 drifting bottles have been recovered and at the 
Turkey coasts 23. One should .remark that after the fi.rst 3 days f.rom 
the launching, the winds induced southwa-rd and northward currents. On 
5 August, after strong easterly winds, the first drifting bottles 
.reached the sho.re. Between 6 and 14 August ths wind blew st.rong from 
north in the first two days and f.rom south-east afte.r that but with 
.reduced intensity. Than, in 3 consecutive days (15, 16, 1? August) 
easte.rly winds determined the p-resence of the drifting bottles ·in the 
entire zone from Odessa to Mangalia (see fig.l and 1 a). We conside.r 
that all the .recove.red floats in this area .reached t.be shore untU 24 
August but· a part of them were identified after that. 

The constant westerly winds between 24 and 29 August deter
mined, a seaward drift of the bottles which had not reached the sho.re 
yet and than they were car.ried southward by the western cyclonic 
Black Sea current ,a fact p.roved by the identified floats at Bulgariall 
and Turkey coasts. 
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O-IX12 
The exchange of water between the Mediterranean and the Red Seas 

through the Suez Canal 

Girgis F. SOLIMAN" , Salim A. MORCOS** and Nabil HELALI*•• 

*National Institute of Oceanography & Fisheries, Anfoushi, Alexandria (Egypt) 
**Division of Marine Sciencas, UNESCO, 75700 Paris (Franca) 

•••suez Canal Authority, lsmailla (Egypt) 

Seasonal water exchange is exhibited .between the Mediterranean 
and the Red Seas which is highly controlled with the specific characte
ristics of the water body of the Suez Canal end the belonging lakes. 
Six hydrographic surveys - mostly in summer - have been conducted along 
the canal between Port-Said and Port-Tawtik during the period 1982-1986. 
Four cruises were involved in-depth surveys and have been undertaken to 
investigate the current regime particularly in ~er. Teaperature , 
salinity and currents have been observed. The me.n water level aloag 
the canal was taken into consideration. It should emphasize that the 
last two cruises of August and September 1986 gave an evidence of 
peculair patterns of the water movement in summer and winter. The 
southward current set on earlier than that previously experienced. 
Consequently, the northward current regains its original direction more 

earlier. 
Southward current regime along Suez Canal is highly affected 

by the significant amount of fresh waters discharged from Lake Timsah, 
Lake Menzelah and the entrainment of relatively low saline water from 
the Mediterranean which have been prevailing before the Construction of 
the Aswan High Dam. Presently, ite amount nuctuates from year to year 
and consequently intuences the water circulation in the canal. The 
prevailing north wind also plays an important role in driYillg the water 
into the northern and the southern parts of the canal. The water of the 
central part is affected by the high saline water from the Bitter Lakes 
and the low saline water discharging from the sweet canal at 'ISIIailia 
and driven by the tidal currents. A current of more than 30 em/sec is 
observed in the northern part of the canal which could be related to 
the high water level recorded at El-Kantara. 

The last deepening and widening of Suez Canal is assumed· to 
innuence the resident time of the water in the Bitter Lakes and its 

water salinity. The resident time of the water in the lakes is expected 
to be about three to tour months. The minimum salinity o·t 43.5 ~. is 
reached in the last few years and the salt barrier is disaPpearing,11b1ch 
is revealed by the free movements of the marine organisms between the 
Mediterranean and the Red Seas. 
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O-lXI3 
Chaoctic Behavior of Sea Level Oscillations In a Mediterranean 

semi-enclosed Basin 

G.·N. TRIANTAFYLLOU*, A.-A. TSONIS*, J . .-B. ELSNER*, A. LASCARATos•• and C. KOUTITAS ... 

*Department of Geosciences University of Wisconsin-Milwaukee, Milwaukee, WI 53211 (U.S.A.) 
••Department of Applied Physics University of Athens, 33 lppocratous st. 10880, Athens (Greece) 

.. ~Department of Civil Engineering, Aristotle University, Thessaloniki, 54008 (Greece) 

We investigate the properties of a marine dynamical system by 
means of time series of the sea level height at four locations 
(Souvala, Aq. Marina, Vouliaqmeni, Salamina) in the Saronikos Gulf .of 
the Aegean Sea. Measurments were carried out from 7/86 to 9/87 by the 
University of Athens. The temporal resolution ot the records is 10 
min. 

In order to characterize the dynamics, we estimate the dimension 
of the underlying system and we compute its Lyapunov exponents. Our 
analysis was carried out for each station individually and when 
feasible for the concatenated time series (all stations together). 

We adapted a decorrelation time equal to 600x10 min. From the 
data of every station the state vector was generated and the phase 
space was produced for embedding dimensions two to twelve. For every 
embedding dimension the scaling exponent (correlation dimension) was 
estimated. In every station the scaling exponent reaches a saturation 
value, which specifically is: 8.8 (Salamina), 8. 7 (Souvala), 8.6 (Ag. 
Marina) , and 9.1 (Vouliaqmeni) • The estimated correlation dimensions 
are not integers suggesting that the attractor is not topological but 
is a· fractal set (chaotic attractor) . The calculations were performed 
using the CRAY computer in the National Center for Supercomputing 
Applications in Urbana, Illinois. 

The Lyapunov exponents are related to the mean rate of divergence 
of nearby trajectories in phase space and measure therefore, how 
unpredictable is the evolution of the dynamical syste111. They were 
calculated for every station separately and tor the concatenated ti
series. In doing that, we assume that the concatenated series could 
have been just one observable from our dynamical system. This 
assumption is justified from the results reported above which indicate 
that the four stations behave more or less as being parts of a single 
dynamic system encompassing the whole gulf. 

Thus, for example, the calculated Lyapunov exponents for Salamina 
and for the concatenated time series are: (Salamina (N•62,184) 0.091, 
0.036, -0.006, -0.051, -0.106, -0.237), (All stations (H•233,213) 
0.095, 0.038, -0.008, -0.046, -0.105, -0.256). 

In all cases we obtain two positive Lyapunov exponents. This is 
an indication of chaotic attractor in higher than three dimensions. 

The fact that the magnitude of the two positive LyapUJ)OV 
exponents differs by a factor of three indicate that the chaotic 
dynamics arise from the interplay of two indepedent mechanisms of 
instability one of which is more important than the other. 

The sum of the two largest positive exponents is tound between 
0.090 and 0.133/10 min. This ·is an estimate of the lColmogorov entropy 
whose inverse (inverse of divergence rate) provides an estimate of the 
mean predictability time of the signal. Thus we obtain that the 
signals involved have an intrinsic predictability time of at least one 
hour but less than two hours. 

There are at least three negative exponents. since the largest 
positive exponent is about a factor of two greater than the absolute 
value of the largest negative exponent it may be that a time scale 
dominating the system exist. 

In almost all cases we observe a very close to zero negative 
value for the third Lyapunov exponent. This is ~n accordance with the 
fact that one of the exponents must always be zero expressing that 
there is no contraction along the direction of the orbit. 

From the estimation of the dimension of the attractor and the 
calculation of the Lyapunov exponents, of the underlying . dynamical 
system, we have provided strong evidence that the variability of ·sea 
level in a part of the Aegean Sea can be attributed to a single 
chaotic dynamical system of a few degrees of freedom with a low 
dimensional at tractor. 
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TEMPO experiment : Airborne . measurements 

V. WISMANN, S. RIEGER, A. VIOLA and W. ALPERS 

lnstitut fOr Meereskunde, UniversitAt Hamburg, Troplowltzstr. 7 2000 Hamburg 54 (Federal Republic of 
Germany) 

A cold patch north-east of the Bonifacio Strait has been observed during the 

TEMPO experiment (Santoleri and Guymer 1989, Viola 1989) from NOAA infra~d 

images, as well from aircraft and ship measurements. 

This patch indicate the presence of a cyclonic eddy corresponding to a region of 

cold water, which several authors attributed to forcing by the wind tunneled from 

the Bonifacio Strait, in particular during the Summer (Krivosheya and Ovchinnikov 

1973). 

The German Polar-4 aircraft of the Alfred Wegener Institute was equipped with the 

Rotating Antenna C-Band Scatterometer (RACS) and a KT-4 infrared radiometer, to 

evaluate the wind field (Wiemann 1989) and the - surface temperature over the 

experimental area. 

Simultaneous measurements of the normaliEed radar cross section and of the 

radiometric sea surface temperature were performed for nine flight miaaiona be

tween September 28 and October 10, 1989. 

The measurements of the thermal structure of the - surface obtmned by KT-4 

and NOAA satellite show a high correlation although the ab1101ute values meaaured 

show a difference of 2• C, between the two platforms. 

Fortunately due to the meteorological condition the formation and the evolution of 

the cold eddy could be observed by the NOAA images. Intact strong westarnlT wind 

were blowing before the campain started. The wind tunnelling and the divergence 

flux, responsible for the eddy cooling could only be observed two times during 

the campain. As an example in Fig. 1 is presented the flight performed on October· 

7 when the wind speed was up to 10 m/a from West. 
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0-IXIS 
Problems and Applications of Satellite Scatterometer Wind Data on 

the Mediterranean Sea 

Stefano ZECCHETTO 

CNR, lstituto per lo studio della Dlnamica delle Grandi Masse, San Polo 1364, 30125 Venezia (ltalia) 

The experience achieved in using the Seasat scatteraneter 
data in the Mediterranean Sea is presented focusing on both 
meteorological and oceanographic (storm surge) applications. 

The genera. problem of scatteraneter validation in small 
basin~ is also discussed in describing the methodology and 
giving examples applied to the Adriatic Sea. Implications for 
the ERS-1 mission are then considered. 

Finally, the problem of wind retrieval is outlined according 
to the results of the experimental ESA C-hand campaigns and of 
the more recent theoretical formulations of the equation linking 
the Normalized Radar Cross Section to the wind speed and 
direction. 
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Vertical distribution of Zooplankton and Micronekton in the deep 

Levantine Sea 

Horst WEIKERT 

ln'ltitut !Or Hydrobiologie und Fischereiwissenschalt, Universitlt Hamburg, D - 2000 Hamburg 50 (F.R.G.) 

In January 1987, oblique stratified tows from 4000 m to the surface were made in the 
Levan tine Sea southeast of Crete using a 1 m2 Mocness. The device was equipped with 
nine black 333 ~m nets. Zooplankton {..-: 0.5 em) and micronekton. ( ~o.s em) from two 
profiles were arbitrarily distinguished on the basis of their total lengths. In ad
dition, a larger, > 1~0 em group was established (Fig. 1). This is commonly defined 
as micronekton or macrozooplankton (BLACKBURN, 1977). 

Maximum concentrations of zooplankton (68,000 specimens/103m3) were found in the 
0-100 m surface layer. A secondary maximum (11,000 specimens/103m3) was found at 600 
to 750 m. Below this layer, the numbers decreased exponentially to 30 specimens/103m3 
or less at depths greater than 2750 m. Copepods were predominant, accounting for 56 
to 96 % of the animals. Ostracods were abundant (16 - 23 %) at 1450 to 3000 m, dis
placing the copepods that decreased to 75 % and less. In the deep-sea, the copepod 
plankton was largely monogeneric. The genus Haloptilus constituted 83 to 93 % of the 
calanoids at 100 to 300 m. Eucalanus (75 - 90 %) abounded at 450 to 1250 m, 'and 
Lucicutia was predominant (up to 94 %) below 1850 m (WEIKERT and TRINKAUS, in press). 

The profiles for the micronekton were similar to those for the zooplankton, but the 
numbers were 1.5 to 2 orders of magnitude lower than those of zooplankton. There was 
no secondary maximum in the >0.5 em group, which outnumbered the ,.1.0 em group in 
the upper 900 m and below 1650 m. Below 2250 m, no organisms > 1.0 em were caught, 
and the smaller micronekton· rapidly decreased from 10 to 1 animal/103m3 and less. The 
organisms found at these greatest depths are small chsetognat:hs, which may have been 
contaminants from the upper layers. In the top 600 m, chsetognat:hs were predominant:, 
accounting for 72 to 100 % of the individuals caught. In the >0.5 em group, which 
seems to reflect the abundance of carnivores in the net samples best (WEIKERT, in 
preparation), remarkable abundances of about 40 % of the total were also found down 
to 750 m. Between 450 and 1450 m, fishes numerically increased in importance to be
tween 35 •and 75 %, and at 1050 to 1650 m, decapods became·abundant (16- 36 %). Mysids 
were predominant below 1450 m, constituting 20 to 40 % of the total. 

In summary, among the mesopelagic and bathypelagic faunas, there was a clear depth 
distribution of taxa. In the micronekton, a spatial segregation pattern was indicated 
among the major groups, whereas in the zooplankton, this wss observed only at the 
genus level. Below about 2000 m, the numbers of zooplankton and micronekton specimens 
were strongly reduced in comparison with other seas. The overall bathymetric decrease 
in zooplankton is signifkantly stronger than in the great oceans (WEIKERT and TRINK
AUS, in press). Also, the vertical distribution of micronekt:on in the Levantine Sea 
differs from that: in the open ocean at similar latitudes. For example, ANGEL and 
BAKER (1982) collecting micronekton in a net: with a 4.5 mm mesh size reported groups 
at depths of at least 4500 m in the northeastern Atlantic Ocean. Obviously, the zoo
plankton and micronekton are poorly adapted to the ecological conditions in the 
Levantine Sea caused by the increased temperatures of its intermediate and deep water 
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Figure 1: Numerical zooplankton and micronekton profiles from 
southeast of Crete (day, log-linear scale). 
Siphonophores omitted. 
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On the vertical distribution and composition of deep-water Copepod 

populations in the Eastern Mediterranean Sea 

M.-A. PANCUCCI-PAPADOPOULOU, I. SIOKOU-FRANGOU and E. CHRISTOU 

National Center for Marina Research, 16604 Athens (Greece) 

As few studies have been carried out on the synthesis and vertical distribution of deep-water 

copepods in the Eastern Mediterranean Sea (Greze, 1963; Delalo, 1966; Vaissiere & Seguin, 1980; 

Scotto di Carlo & lanora, 1983), our knowledge on this subject is still far from being complete. Within 

the framework of the 'Open Sea Oceanography' project, during March 1986 and 1988. zooplankton 

samples were collected from different layers from the surface to the bottom with a WP-2 closing net 

at 12 stations situated in the Ionian and Levantine Seas (Fig.1 ). The results presented here come from 

the analysis of samples collected at depths greater than 500m up to 4800m (Vavilov deep). Only for 

two stations the first examined layer was 250-1000m and 300·1000m respectively. 

The density (individuals per cubic meter) revealed differences between layers as also between areas. 

In the Levantine Sea, it varied from 0.38 to 3.66 indjm3 and in the Ionian from 3.89 to 6.51 indjm3, 

for the 500-1000m layer. The latter values are in accordance with those recorded by Scotto di Carlo 

et al. ~1984) in the Tyrrhenian Sea. From 1000 to 2000m values ranged between 0.18 and 1.27 

ind/m , while below 2000m density did not exceed 0.1 indjm3. A total of 98 copepod species were 

id&ntified, their number decreasing with depth. Among those of the deeper layer, some Individuals 

of species usually inhabiting the upper layers were found and must be probably considered as 

contaminants (Qru:;aca rmdia, QilhQrul Qlurnimra, Q.. ~ ~ ~ ~ 
~~~and~~- However, we must point out that, in the 

Eastern Mediterranean, the water temperature below 500m is higher than that of the western 

Mediterranean (Miller et al., 1970) and this might explain the presence of surface species in deeper 

layers. Another point worth mentioning is the presence of many carcasses below 1000m, especially 

in the Levantine Sea, as well as some unidentified Calanoida (adults and copepodits). 

From our results, the prevailing species for the 500-1 OOOm layer were: Eucalaru.m. ~ (the most 

abundant in both seas), ~ medjterranea Spjnoca!anys spp Claysocalanys spp., l:ialQo1l!l& 
~ and Mmmlmllla mingr. It is notable that the latter was not found at 

stations 25, 26, 54, 56 and 58, while it was present at the neighbouring stations 18 and 28. The 

abundance of l::i. ~and E..~ in the Eastern Mediterranean in comparison with that 

. of the Western Mediterranean hes also been reported (Scotto di Carlo and lanora 1983). 

Below 1000m, relatively few species were found, the most common being E monaphys 

~- and Claysopalanus spp .. Two species, namely ~ ~ and ~ 

~were found only below 1000m. As for the deeper examined layer (3000-4800m), very few 

copepods were found, most of them surely contaminants from the above layers. At layers deeper than 

1000m we must also mention the presence of a discrete number of copepodits, mainly belonging to 

the genus Clausocatanus, Calanus, Lucicutia, Pleuromamma and some unidentified, as well as some 

copepod nauplii up to 4800m. 

For many of the recorded species our results showed a .quite similar vertical distribution with those 

of previous works in the same layers either in the Western or in the Eastern Mediterranean. However, 

some differences exist, related to several species. So, as for ~ ltYl1a, this species in our 

samples seems to have a very wide migration or wider distribution in relation with previous 

Informations. The species Mlm.acilla Mli.ca. and ~~were not found below 1 ooom, while 

they have been referred deeper at the same areas. This could be attribute to their low abundance in 

the Eastern Mediterranean, according also to Scotto di Carlo and lanora (1983). On the contrary, 

Mmmlmllla IIJing[ seems to have a wider distributional spectrum than previously referred, because we 

found It up to the greatest depth (4800m). As for QilhQrul ~ and QilhQrul Q1urnimra, their 

vertical distribution seems to be extended up to 1000m, while their presence in deeper water may be 

considered as contaminant. Eucalaru.m. ~ already referred up to 2000m for the Ionian Sea 

(Scotto di Carlo & lanora, 1983) and in the layer 100-500 for the Levantine Sea (Delalo, 1966), did not 

appear in our samples below 500m. 

Of the 98 identified species, we must point out that : 

- 14 (Giaysopalanys.iQtm C...~ C...mastjgophorus C...~ Iliai.l®_~ ~ 

~ ~lsnm.Pl.~~ l::i.~ ~l.ucida. Orl.cMa.~ 
~ Pleyromamma rQbu.ala and Sco!epithriceila ~ are recorded for the first time in 

the Levantine Sea. 

2 ~~and Qbiridius. armatus) consist first record for the Ionian Sea. 

2 (Giausoca!anys ~and Heterorabdys ~ are first records for both Seas. 

1 <.Eul<llimll.a ~ is first record for the Eastern Mediterranean Sea. 

1 (l..uck;uful. ~ is first record for the Mediterranean. 

These results must urge us to continue our Investigations on the deep water zooplankton, trying 

to give answers to the many problems concerned. 
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Appendiculaires mesopelagiques, indicateurs potentiels des couches 
riches en matiere organique 

Gabriel GORSKY', Philippe LAVAL', Marsh J. YOUNGBLUTH .. et Isabelle PALAZZOLI' 

'UA 716, Observatoire Oceanologique, 06230 Villefranche-sur-Mer (France) 
.. Harbor Branch Oceanographic Institution Inc., Ft Pierce, Fla. 33450 (U.S.A.) 

L'etude des couches profondes est techniquement complexe. L'utilisation des submersibles pour 
l'echantillonnage et !'observation devient une methode importante permettant de mieux comprendre le 
fonctionnement et Ia distribution des populations dans Ia colonne d'eau, et permet aussi !'estimation et le 
prelevement des particules organiques en suspension (Y oungbluth 1984 ). 

Malgre Ie petit nombre de campagnes oceanographiques consacrees a !'etude du milieu aphotique 
marin a I' aide de submersibles, il apparait que le macrozooplancton gelatineux joue un role plus important 
que prevu dans Ie flux de Ia matiere organique. De maniere generale, ces animaux delicats generalement 
detruits par les methodes classiques de capture appartiennent aux di!Terents groupes zoologiques: 
Ctenophora, Cnidaria, Siphonophora, Tunicata. Les filtreurs gelatineux, herbivores, exercent une pression 
trophique importante sur Ia production phytoplanctonique. La rapidite de leur developpement entraine des 
pullulations saisonnieres. D'autre part les predateurs gelatineux, semblent controler !'expansion des 
herbivores majeurs dans I' ocean (Andersen and Nival 1986). 

Un nombre de travaux croissant montre !'importance des appendiculaires dans le processus de 
production, d'agregation et de transport des particules organiques (Alldredge and Silver 1988). Selon 
Davoli et Youngbluth (1990), Ia presence de ces filtreurs a des profondeurs allant jusqu'a 1000 m est 
universelleetpeutcontribuersignificativement(5-IO%)au transfer! du carbone organique vers les couches 
plus profondes. 

Plusieurs campagnes oceanographiques utilisant le submersible CY ANA (IFREMER) et son navire 
porteur,le NOROIT (IFREMER), ont etc e!Tectuees dans Ia zone du front Liguro-Proven~, sur Ia radiale 
Nice-Calvi, entre les annees 1985 et 1989. La presence d'un appendiculaire mesopelagique du genre 
Oikop/cura (nov. sp.), en cours de description (R. Fenaux com. pers.), a ete mise en evidence. Les 
observations ont demontre sa presence independamment de l'annee ou de Ia saison (Laval et al. 1989 et 
observations non publiees). La profondeur de sa premiere apparition dans Ia colonne d'eau augmente avec 
Ia distance a Ia cote (voir Figure). 

La zone examinee est Ia zone d'un front permanent oil !a circulation .entraine Ia biomasse des couches 
superficielles vers les profondeurs (Boucher et al. 1987). Cette biomasse semble etre Ia soun:e nutritive de 
ces filtreurs. Selon les resultats obtenus durant di!Terentes campagnes,on observe une augmentation de Ia 
concentration de Ia matiere organique et les valeurs maximales se trouvent dans Ia couche des 
appendiculaires mesopelagiques (donnees non publiees). 

Lors des plongees e!Tectuees durant Ia campagne MIGRAGEL II ( observateur M. Y oungbluth), une 
autre espi:ce d'appendiculaires appartenant probablement au genre Pelagop/eura a ete observee a partir des 
profondeurs avoisinant 800 m. 

Les appendiculaires sont des filtreurs passifs ayant une courte duree de cycle vital et peu de reserves 
lipidiques. lis secretent des structures mucilagineuses a I' aide desquelles ils filtrent et ingerent des particules 
en suspension. lis abandonnent periodiquement ces structures pour en secreter des nouvelles (Fenaux 
1985). Ainsi ils modifient le spectre de taille des particules dans leur. environnement par l'agrcSgation des 
particulesde petite taille en grandes amas mucilagineux. Ces amas deviennent des microcosmes ayant une 
activite biologique(DavollandSilver 1987). Recemment il a ete demontre que les couches oil !'on trouve 
les populations d'appendiculaires mesopelagiques sont celles pour Iesquelles !'oxygene dissous a Ia valeur 
minimale et l'activite ETS (potentiel respiratoire, Savenko!T 1990) Ia valeurmaximale. 

II est done possible que des appendiculaires soient des indicateurs des couches riches en matiere 
organique. C'est uniquement en utilisant des methodes nouvelles (submersibles, cameras et pompes 
immergees etc.) que !'on pourra valider ou invalider cette hypothese. 
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Ci-dessus, Ies profondeurs de Ia premiere apparition de l'appendiculaire mesopelagique observe. durant 
Ia campagne MIGRAGEL II au printemps 1988. Les cercles noirs representent les plongees de nuit, le 
carre grise Ia plongee du matin, les cercles blancs Ies plongees du jour et Ie carre noir Ia profondeur de Ia 
premiere apparition du genre Pelagopleura. La droite correspond au debut de Ia couche des 
appendiculaires mesopelagiques. 
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P-Ill 
The Phytoplankton composition and population enrichment in 

gelatinous "macroaggregates" in the Northern Adriatic during the 
Summer of 1989 

Noelia REVELANTE and Malvern GILMARTIN 

Department of Zoology, University of Maine, Orono, Maine 04469 (U.S.A.) 

Summary 

Phytoplankton cell densities in the gelatinous "macroaggregates" were up to 4 
orders of magnitude higher than in surrounding water. Microplankton exhibited 
the highest enrichment factors relative to nano- and picoplankton (20X and 12X 
respectively). A high association of the diatoms Nitzschia longissima and Nitzschia 
closterium with the "macroaggregates" suggested aggregate formation at an earlier 
time or site. 

In the summer of 1988 and 1989 dense patches of large (up to 2m maximum 
dimension) gelatinous mucous "macroaggregates" were observed in the northern 
Adriatic Sea. The brownish-yellow masses were initially observed in the upper 
water column, or floating at the surface where they often coalesced into extensive 
"blankets". Subsequently, the gelatinous masses extended throughout the water 
column, and by early autumn had settled to the bottom. The "macroaggregates" 
were similar to but very much larger than "marine snow" aggregates reported from 
other regions. 

Samples were collected along an east-west trans-Adriatic trophic gradient 
between the Po delta, Italy and the Istrian peninsula, Yugoslavia. Eight to ten 
"macroaggregates" were collected in syringes by divers at 10 meters, together with 
samples of the "surrounding" water, fixed with formaldehyde, and stored at 2-3oC 
until enumeration. Collected "macroaggregates" (N=72) with volumes ranging from 
2.5 to 17 ml, were subsequently homogenized and pico- and nanoplankton counted 
by fluorescence microscopy. Microplankton samples were enumerated by the 
Utermohl method (Hasle, 1978). 

, The average population densities of all three size classes in the seawater 
increased from east to west toward the Po delta area. In contrast, the 
''macroaggregate" population densities, with the exception of the nanoplankton 
component, did not exhibit a significant east to west gradient. In fact, there was a 
tendency for the micro- and picoplankton densities to be higher in the 
"macroaggregates" at the eastern station. 

Densities of all phytoplankton size classes were enriched in 
"macroaggregates" relative to the surrounding seawater, although the degree 
varied among different fractions. The levels of enrichment ranged up to four 
orders of magnitude. The average enrichment factors for the picoplankton ranged 
from 38 to 668, with means ca. 5-fold higher at the eastern relative to the western 
side of the transect .. The average nanoplankton enrichment factors ranged from 46 
to 491, with similar means at the eastern and western sides. The average 
microplankton enrichment factors ranged from 227 to 13,009, with means 3 to 5-
fold higher at the eastern side. The microplankton enrichment was ca. 12-fold 
higher than the nanoplankton and ca. 20-fold higher than the picoplankton. 

The "macroaggregate" enrichment by some microplankton species exceeded 
4-5 orders of magnitude. The diatoms Nitzschia longissima/N. closterium showed 
the highest association with an average enrichment of 12,236X (c.v. 67; n = 64) 
relative to the surrounding water at 10 m. This strongly suggests that the 
"macroaggregates" may have accumulated this particular component earlier in time 
or at a different site. Nitzschia longissima/N. closterium both temporally and 
spatially, was the dominant microplankton component in the "macroaggregates", 
irrespective of changes in the species composition of the microplankton in the 
surrounding water. 

The microplankton population densities in the seawater at the 
"macroaggregate" collection depth (10 m), were very significantly correlate.d with 
the cell densities of "other" species, indicating that species other than Nitzschia 
longissima!N. closterium made up the bulk of the microplankton population at that 
depth. However, microplankton cell densities at the surface were strongly 
correlated with the Nitzschia longissima/R closterium cell densities, suggesting 
that this component contributed significantly to the microplankton population at 
the surface. These interrelationships imply a "macroagiregate" origin higher in 
the water column than the 10 m depth where they were collected. 

Conclusions 

The temporal variations of microplankton cell densities in 
"macroaggregates" did not reflect variations in cell densities in the 
surrounding water (c.v. 45 vs 140) indicating that contemporary 
processes in the "macroaggregates" were independent of those in the 
surrounding water. 

- Very significant correlations between enrichment factors and 
"macroaggregate" cell densities, combined with poor correlations with 
seawater cell densities, suggest that growth within the "macroaggregate" 
was more dependent on the enviroriment within the "macroaggregate" 
than on contemporary process in the surrounding seawater. 
A consistent dominance by Nitzschia longissima/R closterium of 
"macroaggregate" microplankton, in spite of changes in the dominance 
rank in the surrounding seawater community, further implies that 
Nitzschia became_ embedded in the gelatinous matrix at an early stage of 
"macroaggregate" formation. 
Collectively these tentative conclusions support the concept that the 
origin of the "marcoaggregates" occurred at an earlier time and/or 
different site than where they were collected. 
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Structure des populations phytoplanctoniques pres de Fano 

(Adriatique Septentrionale) 

R. LALAMI-TALEB* et Y. LALAMI** 

• Ecole normale superieure de Kouba 
•• INESSM, Universite d'Aiger (Algerie) 

L'evolution spatio-temporelle de Ia structure des peuplements phytoplanctoniques 
dans las eaux de Fano sera examinee comma pour las notes precedentes - Rapp. Comm. Int. Mer 
Ml§dit. 30.2 (1986) at 31.2 (1988) - globalement par Ia calcul de l'indice de diversite de 
SHANNON (Hs) at de l'equitabilite (E) at graphiquement en hierarchisant las distributions 
d'abondances et en les confrontant aux modeles mathematiques de MOTOMURA, PRESTON, Mac 
ARTHUR at MANDEL.BROT. 

L'ajustement de cas modilles aux donnees observees a pu Atre apprecie par Ia 
distance d'HELLINGER, dent Ia visualisation a ate realisee grace a Ia methode de !'Analyse en 
Composantes Principales (ACP). Cette demiere a l'avantage de donner una vue globale du modele 
Ia plus performant. 

Les echantillons necessaires a una telle etude ont ate preleves dans six (06) 
stations differentes (notees A, B, c. D. E, F) visitees Ia 6 Avril, Ia 7 AoOt at Ia 20 Octobre de 
l'annee 1976 (niveaux 4 at 6 metres) (Figure 1). 
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L'examen de cas echantillons nous amene aux conclusions suivantes (figure 2) : 
-Avril 1976 : Nous semmes en presence d'un stade 1 typique au niveau de Ia 

station B (pour 06 miltres : Hs - 0,54 at E - 0,13), slade bien illustre par un diagramme 
concave dO a Ia dominance de Skeletonema costatum. Dans las autres stations, !'allure plus 
rectiligne des diagrammes rangs-frequences provoquee par Ia developpement plus marque des 
espilces de rangs 2 at 3, ainsi que las valeurs appreciables des diversites at des equitabilites, 
mettent en evidence una etape intermediaire entre las stades 1 at 2. 

Des quatre modeles qui font l'objet de notre etude, saul celui de MANDELBROT 
semble plus performant. Sa Constanta Y neanmoins, indique un mauvais broutage de Ia 
microflore algale par Ia zooplancton herbivore. 
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- AoQt 1976 : La structure des peuplements montre que nous avons, au cours de 
cette periode, un slade 2 de Ia succession (E variant de 0,70 a 0,89). Las ajustements observes 
permettent de constater que ies modeles qui s'adaptent Ia mieux a cette structure sent ceux de 
MOTOMURA at de Mac ARTHUR. 

La modele de PRESTON s'ajuste lorsque l'espece de rang 1 manifeste une Iegere 
dominance par rapport aux autres especes equilibrees, ce qui se traduit graphiquement par un 
Ieger redressement de Ia branche superieure gauche. 

- Octobre 1976 : La communaute phytoplanctonique fanoise tend vers Ia slade 3 
ou fin de succession. Ceci est bien demontre par l'allure de plus en plus lineaire des diagrammes 
de FRONTIER at par un bon ajustement au modele de MANDELBROT at a un degre moindre a celui 
de PRESTON (plus proche du slade 2). 

En outre, Ia constante Y du modele de MANDELBROT est proche de sa valeur 
optimale 1 ce qui laisse supposer des interrelations satisfaisantes entre phytoplancton at 
zoopiancton herbivore. 

Entin, soulignons qu'un stade juvenile ne s'ajuste a aucun des quatre modeles. II en 
est de mAma lors d'une •succession secondaire• qui a pour origine Ia developpement anarchique 
d'une espece durant Ia periode de stabilite des eaux. 

REFERENCES BIBUOGRAPHIQUES 

FRONTIER (S.), (1976).- Utilisation des diagrammes rang/frequence dans !'analyse des 
ecosystemes. Bull. Rech. Ocean. 1 (3) : 35 - 48. 

FRONTIER (S.), (1977).- Reflexions pour una tMorie des ecosystemes. Bull. Ecol. 8 (4) 
445 - 464. 

GONZALEZ (P.-L.), (1979).- Contribution au choix des modeles de distribution 
d'abondances. Rapport de stage de D.E.A. de Mathematiques pures et appliquees, 
U.S.T.L. Montpeilier 

LALAMI-TALEB (R.), (1983).- Biologie et structure des populations phytoplanctoniques de 
I'Adriatique. Comparaisons avec d'autres zones de Ia Mediterranee et en particulier 
avec Ia Baie d'Aiger. These Doctoral d'Etat Es-Science, U.S.T.L. Montpellier. 512 p. 

LLOYD (M.) and GHELARDI (R.-J.), (1964).- A table for calculating the •equitability" 
component of species diversity. J. Animal Ecol. 33. 217- 255. 

MARGALEF (R.), (1967).- Ritmos, fluctuaciones y sucesion. In Castellvi J. et a/. Ecologia 
marina, Caracas, Fundacion Ia Salle : 454 - 492. 

Rapp. Comm int. Mer MMit., 32, 1 ( 1990). 

201 

P-113 
Stabilite interannuelle de Ia distribution de Ia production 

planctonique associee au Front Llguro-Proven~;al (Secteur Corse) 

A. GOFF ART et J.-H. HECQ• 

Unite d'Ecohydropynamique, lnstitut de Physique, 4000 Lillge, Sart-Tilman (Belgique) 

La stabllite interannuelle des caracteristiques printanieres du front Liguro-Proven<;:al 
(secteur Corse) et de Ia production planctonique associee a ete etablie a partir 
de campagnes oceanographiques menees depuis 1982 a bord du navire 
oceanographique "Recteur Dubuisson·. Les mesures ont ete realisees sur Ia 
radiale Nice- Calvi en mars et avrill983, 1984, 1985, 1986 et 1988. au depart de CaM, 
et jusqu'a 31 milles au large. 

Au printemps, un fort gradient de salinite separe les eaux c6tieres d'origlne 
atlantique (S 0 foo < 38.2) des eaux centrales du bassin ligure (S 0 loo > 38.4). Un front 
thermique est associe au front halin. 
Le front thermohalin separe Ia region du large, non stratiflee, de Ia zone c6tlere, 
stratifiee et plus stable. Au printemps. les lsopycnes s'inclinent avec une pente de 1.6 
% du front jusqu'a Ia c6te. 
La zone frontale, d'une largeur de 2 a 3 milles, est situee en surface entre 11 mllies 
(station 3) et 16 milles (station 5) de Ia c6te. Les variations hebdomadalres et 
interannuelles (de printemps a printemps) de Ia position moyenne du front et de sa 
largeur soot comparables. 

A cette periode. les maxima de biomasses phytoplanctoniques soot tou)ours sltues 
en surface. au nlveau de Ia zone frontale (figure 1). Les concentrations maximales 
ont ete observees en 1983 et en 1988 ( 3- 5 mg Chi.A 1m 3, determination 
spectrophotometrique de Ia chlorophylle). Au nlveau du gradient. du 
phytoplancton vivant est trouve en quantlte significative a une profondeur 
superieure a Ia couche euphotique (100- 200 metres). La distribution verticale de Ia 
chlorophylie A suggere un transport du phytoplancton le long des isopycnes dans 
Ia region du front. Les premieres analyses fines (HPLC) de Ia composition 
pigmentaire du phytoplancton realisees au niveau du gradient montrent que 
certains phytopigmehts pourraient etre utilises comme traceurs des mouvements 
verticaux des masses d'eau . 

Au printemps, les maxima de biomasses zooplanctoniques sont situes entre Ia c6te 
et le front (10- 40 mg Poids sec 1m3). Les Copepodes herbivores dominant les 
populations a 90 %. 

Figure 1: Distribution verticale de Ia chlorophylle A (mg Chi.A I m3). entre 0 et 200 
metres de profondeur. Les stationsl a 10 soot situees sur Ia radiale Calvi- Nice. La 
station 1 est a 1 mille de Ia c6te Corse, Ia station 10 a 31 milles: 
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A yearly study of 13C/12C isotopic ratio variations in the Calvi's 

Bay Plankton 

Patrick DAUBY , Florentina MOSORA and Martine VERTEZ 

Department of Oceanology, University of Lillge, Institute of Physics 85, B-4000 Sart Tilman (Belgium) 

As they allow the delineation of organic matter fluxes between and through the 

different compartments of terrestrial and marine ecosystems, the analysis of stable 
isotope ratios are now more and more turned to account in ecological sciences. 
Plankton, as a major source of organic matter in marine either food webs or sediments 
was already quite well isotopically studied: several researches were carried out on 
geographical variations or on the influence of physical/ chemical parameters on its 
isotopic content. 

The present research deals with an unapproached aspect of isotopic plankton 
ecology, i.e. measurements of 13C/12C ratio variations throughout a complete year 
cycle; moreover, it was done in Mediterranean, an area about which very few data are 
available (Descolas-Gros and Fontugne, 1988). 

Samples were conducted from March 1, 1983, to February 27, 1984, in the Bay of 
Calvi (Corsica) using a WP2 standard net (50 f.1ID mesh size) hauled from 120 m depth 

to surface. These samples, after acid treatement to remove carbonates, were 
transformed in C02 by combustion at 900°C under pure 02 atmosphere, and then 
analyzed mass spectrometrically (Varian MAT CHS). Results are expressed refered to 

PDB international standard in li notation. 
Stable carbon isotope ratio analyses in the plankton of Calvi show a sharp decrease 

(more than 4% ) from March to May, during algal bloom (see picture), and then a slow 
increase from the end of spring to the beginning of winter. These variations cannot be 
linked to any environmental parameter as temperature or salinity. However, they tally 
with changes in phytoplankton population structure: prevalence of Diatoms (mainly 
Chaetoceros ) during springtime bloom, and then founding of a mixed population 

wherein Dinoflageliates are dominating as water temperature increases. When 
considering a hinge temperature of 1~C between the two kinds of populations, w;e get 
the relationships li13C/T°C: 

li13C = -1.23 ro- 4.99 (r=0.91) beneath 17°C 
li13C = 0,14 ro- 24.45 (r=0.87) over 1~C 

These two relationships are quite well corresponding to changes observed in the 
floristical composition of the samples and should be confirmed by _stable isotope ratio 
measurements on cuitured phytoplankton populations. 

When considering the variations of the dissolved carbonate system throughout the 

year, it also appears that the fractionation .Mphytoplankton-:EC02) decreases as water 
temperature increases (from -19 to -24% ), for the first kind of 
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population (Diatoms), and that, at the opposite, it increases (from -24 to -20%o) 
with temperature for the second population (Dinoflagellates). So there is a smaller 
discrimination against C02 by these organisms at higher temperatures. 

Some samples were also collected at the vicinity of the liguro-proveno;al frontal 
zone, from Corsican coasts to about 30 miles to northwest. This front is characterized by 
a strong salinity gradient. 
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Stable isotope ratio measurements show that li13C increase with salinity (4%o for 
0.2o/,.,) and can be used to distinguish the Levantine waters from the Atlantic ones. 
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Phytoplankton of El Campello Coast (Aiicante, Spain) seasonal 

distribution 
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Departament de Biologia Vegetal, U.D. Botanica, Facultat Biologicas, Universitat de Valencia. C/Or Molinar 50, 
Burjassot, 46100 Valencia (Spain) 

There are few studies on Alicante coast phytoplankton distribution, so we achieved 
the seasonal phytoplankton study of El Campello coast where we sampled during one 
year (monthly) between April 1987 and March 1988 at 0, 5 and 15 m of depth. We also 
collected samples of El Campello sport harbour during the same period of time, but 
every 15 days (at only one depth). Sea water samples, collected with bottles, were 
analysed with counting method (SOURNIA, 1978). 

The diatoms were dominant all the year, their amount being always greater than 
50%, except in July (Figure 1), while they arose until 90% in winter months. Dinofla
gellates and Coccolitophorids were the next representative groups with maximum values 
during summer and autumn respectively. Rarely they arose the 15?; of the total amount. 
Furthermore there were a few groups less numerous i.e. : Silicoflagellates (Dictyocha, 
representative genus) especially in winter, a few Euglenidae species (mainly 
Eutreptiella sp.) and some Cyanophyceae species (with a higher biomass and diversity 
in harbour station). 
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With the data from counting samples we made a correlation matrix and UPGMA 
cllJsters (in SNEATH, 1973). This statistical analysis showed similar association 
groups for every point (both points) and every depth (Figure 2). So, we can see 4 
main groups that should be correlated with a seasonal factor, and 9 subgroups at 
0.4 association level. The A and B subgroups look as a spring community, with very 
characteristic species : Amphora coffaeiformis (B), A. augustata (6), A. laevis 
(11), Nitzschia longissima f. ge(uinJ and~ (167, 168), N. fraudulenta 
(162), Leptocylindricus danicus 101 and Rhizosolenia imbricate (203). The C, D and 
E subgroups look as a winter community with ·characteristic species of colonial 

c fig.Z 

0 

Diatoms of winter bloom, i.e. : Asterionella ·a onica (24), A. mediterranea (25), 
Chaetoceros brevis (37), Ch. curvisetum 40 , Bacter iastrum hyalinum ( 27), 
B. mediterraneum (28), Thalassionema nitzschioides (232), Ceratulina bergonii (35). 
The F group is composed of summer and autumn species, mainly Coccolitophorids 
(Syracosphaera pulchra and Rabdosphaera clavigera f. styli fer (336, 333), Dinoflagel
lates (i.e.: Oxitum varibile (285) and Euglenophyta Eu tre tiella marina 041). 
Finally, the groups G, H and I look as a summer cummunity with Diatoms i.e. : 
Hemialus hauckii (98) and Rhizosolenia alata (198), and small Dinoflagellates 
(i.e. : Oxz:toxum gladiolus (282), Prorocentrum lima (256), Gyrodinium Fusiformis 
(275) and Scrippsiella trochoidea 005). 

All these data show El Campello coast as a oligotrophic environment (cellular 
concentrations often up to 50 cells/ml) with characteristic seasonal communities and 
Shannon-Weaver diversity generally above 4 bits. 

Our results are very similar to Mediterranean sea sana l cycle proposed by 
different authors (ESTRADA, 1979, 1982; MARGALEFF, 1969, 1982; RODRIGUEZ, 1982). 
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Contribution to the Phytoplankton study in Ionian Sea (Zakynthos 

Island) 

0. CHRISTAKIS and 0. GOTSIS·SKRETAS 

National Center for Marine Research, 16604 Agios Kosmas (Greece) 

~. The present study represents an attempt to describe and 
evaluate qualitatively and quantitatively the phytoplankton 
population of Zakynthos strait. Sampling in the above mentioned area 
(Fig. 1) was performed during January and April 1988. Samples were 
counted in an inverted microscope. Low values of cell concentrations 
were usually recorded both in January and April. Data from tables 1 
and 2 show that the maximum values of phytoplankton concentration 
were usually recorded at the depth of 40-50m. Dinoflagellates 
dominated both January and April samples. In January this group was 
represented by 24 species, while in April 13 species of 
dinoflagellates were recorded; "naked dinoflagellates", mostly of the 
genera Gymnodjnjum, Ampbjdjnjum and Gyrodjnjum, Gymnodjnjnm sjmplex 1 

Gymnodinjum pygmaeum, and Amphidjnjnm sp, were the most abundant 

among them. In January diatoms were represented by 21 species, 13 
species belonged to the "pennatae" group, which are typical in 
neritic waters ( Kimor and Berdugo, 1966). In April, 21 diatom species 
were recorded, 14 species belonged to the "pennatae" group . .t!.i..t..ll=.h 
clgstgrjum, Nayjcula spp, Thalassjothrjx frauenfeldjj, Skeletopema 

~' Rhjzgsolenia stolterfgtbjj, Thalassiqsjra sp. were among 

the dominant diatom species. Coccolithophores, though always present 
were recorded in very low values; the most common species among them. 

Syra.cgspbaera pnlchra, Calyptrgspbaera, spbagroida, 

·ca.lyptrospbagra jnsjgnis, Galypttpsphaera ohlonga, Coccal jthus sp , 

Rabdospbaera tuhul osa and pontgspbagra huxl eyi. Silicoflagellates 
were rare and were represented mainly by one species, llict=ha. 
.f.ilw.l.A. Finally the group "Other groups" which consisted from two 
phytoflagellates Rbodomqnas sp and Cryptqmgnas sp. seemed to play an 
important role in two stations (St. 9 and St. 10). The ~J.-flagellates, 
though always present in relatively high values, were not included in 
the evaluation of . the total cell concentration, since their 
contribution to the primary production has not been estimated yet 
(Smayda 1980). 

The low cell concentration of phytoplankton, in combination with 
the relatively high number of species, confirmed the oligotrophic 
character of the examined· area. 

The relatively low values of phytoplankton concentration which 
were recorded during the April cruise, may reflect a decline of the 
phytoplankton population after the spring bloom and the beginning of 
the summer minimum (Rouhiainen &. Georgieva, 1982). 

The Ionian sea is generally characterized by oligotrophic 
conditions.· The maximum values of cell concentrations were usually 
recorded at the depth of 50m as well in Central and Southern Aegean 

(Souchenia, 1961; Rouhiainen &. Georgieva, 1982; Pagou and Gotsis-

Sit.retas11988). 

Fig.1 Sampling stations 
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P-II7 
Detection of Phytoplankton seasonality trends based on k-dominance 

curves 

Lydia IGNATIADES" and Michael KARYDIS"" 

"Nuclear Research Center •oemocritos•, Aghia Paraskevi, Attiki (Greece) 
""Department of Environmental Studies, University of the Aegean, 81100 Mytilini (Greece) 

Phytoplankton studies at community level have been widely used 
to deacribe temporal and spatial di:stributions. However, the analysis 
of data using estimators such as cell numbers, biomass or diversity 
indexea may not be' adequate to extract all information regarding the 
seasonal trend a. 

In the present investigation a graphical representation of the 
k-dominance curves b.ased on samples of ranked species abundance (in 
decreasing order) was examined as a possible procedure to describe 
temporal patterns of phytoplankton distribution. The advantage of 
distribution plots as k-dominance curves is that the detection of 
differences among assemblages is based on the distri.bution of species 
abundances among individuals. 

Data from five s·tations (1) of Saronicos Gulf collected at four 
seasons were- analysed by the univariate analysis including the esti
mation of the Shannon-Weaver diversity index and the plotting of the 
k-dominance curves (2). 

The results are shown in Figure 2. It is seen that the k-domin
ance curves detected high species richness in the January samples at 
all stations. In April all curves had similar horizontal pattern 
indicating species homogeneity in the area. Phytoplankton heteroge
neity was established again in July and continued in October showing 
also differences among the stations. The seasonal changes in species 
richness and heterogeneity among stations might be associated with 
the hydrography of the area and the eutrophication conditions prevai
ling at ce"tain stations (1) • 

The· results of species diversity (Table 1) approaching those of 
k-dominance curves can describe temporal changes in phytoplankton 
assemblages by presenting ·the relative importance of each species in 
a sample and without reducing a serie of data to a single number as 
a diversity index. Also, they can possibly characterise the eutrophi
cation status of an area. 

However, questions of statistical significance of the differen
ces between k-dominance curves inevitably arise and so, the applica
tion of univariate tests as well as the statistical evaluation of 
similarit:ies (.3) are under investigation. 
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Figure 2- Series of k-dominance curves of phytoplankton assemblages 
showing the seasonal trends. 
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P-II8 
Seasonal variability of some Phytoplankton community structure 

parameters 

K. PAGOU, U. CHRISTAKI and V. GIALAMAS 

National Centre lor Marine Research, Aghios Kosmas, 16604 (Greece) 

Seasonal variability of two important parameters of phytoplankton 
structure, species diversity H and the Diatom/Dinoflagellate ratio, 
were studied in a coastal station ·(12m depth) of Sar~mikos Gulf during 
the period from 11 November 1988 to 22 January 1990. 

Water samples were collected weekly from 1m depth by an Hydrobios 
sampler and analyzed for chlorophyll-a ( UNESCO/SCOR, 1966), while 
phytoplankton cells ·•ere counted in an inverted microscope. 

Phytoplankton diversity H was calculated from Margalef' s formula 
( 1958) and the relative contribution of Diatoms and Dinoflagellates to 
the total standing stock was estimated by the Diatom cell concentration 
/Dinoflagellate cell concentration. The seasonal variation of 
!o!argalef' s diversity index and the Diatom/Dinoflagellate ratio was 
analyzed by spectral and autocorrelation analyses (Legendre &. Legendre, 
1983). 

The ranges and mean values of some selected phytoplankton 
parameters are given in Table I. 

Range 
Mean 

TABLE I. Range and mean value of selected phytoplankton parameters 
in 1m depth, during the period 17/11/1988 - 22/01/1990. 

Chlorophyll-a Total Phytoplankton H Margalef ·Diatoms; 
J.Lg/1 Xl0 3 cells/1 bits/individual Dinoflagellates 

0. 20-6.95 
0.88 

0.56-447.95 
367.16 

0.14-4.51 
2. 66 

0.14-1915.00 
110.88 

The autocorrelogram (Fig .la) for Margalef' s diversity index 
indicated that this parameter has not a dominant and significant 
seasonal fluctuation. This result also confirmed by spectral 
analysis. The lack of a seasonal pattern for the diversity index 
(fig. 2a) could be attributed to the unstable coastAl environment. 
Species diversity is the modulation along a time axis of species 
evenness by species richness and any positive response of the two 
components of diversity to environmental "noise" is thus amplified at 
the diversity level (Legendre, 1973). 

On the other hand the .autocorrelogram (Fig .lb) for Diatom/ 
Dinoflagellate ratio indicated a significant oscillation of the order 
of about 20 weeks. Thi,;; indication was further examined by spectral 
analysis (fig. 2b), which confirmed that the dominant frequency at the 
variance spectrum was 0. 05 cycles/week ( 1 cycle/20 weeks), suggesting a 
seasonal pattern for the Diatom/Dinoflagellate ratio. 

time lag (weeks) 

FIG.l. Autocorellation for: a) llargalef's diversity index, b) Diatom/ 
Dinoflagellate ratio, during the period from 17-11-88 to 22-01-90. 
Dashed lines indicate confidence interval for a probability of 0.05. 

frequency qde:J.Neek) frec,.Jen::y k:ycles/week) 

FIG.2 Variance Spectrum for: a) llargalef's Diversity index, 
Dinoflagellate ratio during the period 17-11-88 to 22-01-90. 

b)Diatom/ 
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P-II9 
Variations quotidlennes des populations phytoplanctonlques durant 

une perlode automnale en un point fixe de Ia C6te Llbanaise 

Marie ABBOUD-ABI SAAB 

Centre de Recherches Marines, CNRS. B.P. 123, .Jounieh (liban) 

Les caracteristiques des populations phytop!anctoniques dans le milieu nature 
sent variables a diverses echelles du temps (HARRIS, 1980). Les etudes des 
variations a court terme, de 1 'ordre du jour, suscitent beaucoup d'attention 
(COTE and PLATT, 1983; SOURNIA et al., 1987). 

Les variations quotidiennes des populations phytoplanctoniques, liees aux 
changements des conditions meteorologiques et de celles du milieu, ont ete etudiees 
en surface durant 31 jours d'une periode automnale (6 oct. - 5 nov. 1981) en une 
station ctltH•re (Fig. 1). 

Durant cette l'eriode, la temperature de 1 'eau a diminue de 27,5 jusqu'a 
2415°C (/;:;. = 3°Cl; par centre la temperature. atmospherique a diminue de 27 a 19°C 
(D.= B°C). La salinite a ete relati vement stable (39 ,2 - 39, 3t). La mer eta it la 
plupart du temps calme a peu agitee et .agitee pendant· quelques jours, surtout a la 
fin de la peri ode d' etude (Fig. 2). 

. Les populations phytoplanctoniques sent dominees par les Diatomees (en 
moyenne 93%) et leurs effectifs varient entre 1000 et 111 300 cell./1 (moyenne = 
20 930; C. V. = 116%). Les densites des populations de Diatomees varient entre 850 
et 106 000 cell./1 (moyenne = 19 500; C. V. = 119%), alors que celles des Dino
flagelles varient entre 100 et 6 375 celL/1 (moyenne = 1 136; C. V. = 133%). 
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Fig. 2. Variations quotidiennes des 
densites des populations phytoplanc
toniques (cell./1) en un point 
fixe de la cote Libanaise ( 6 oct.-
5 nov. 1981) ( x indique une mer 
agitee). 

Les populations de Diatomees sent surtout composees des especes rencontrees 
'd'habitude lors de la poussee automnale, comme Rhizosolenia delicatula, 
!!..:_ fragilissima, Leptocylindricus danicus et Chaetoceros curvisetus. Le nombre 
de Diatomees d' origine benthique augmente dans 1 'eau apres une pen ode de mer 
agitee. Des especes reputees cotieres comme Lic·mophora ~. Nitzschia 
closterium et d'autres sent toujours presentes dans le milieu. 

Les Dinoflagelles ne sent pas abondants durant cette periode; on rencontre 
surtout des Dinoflagelles nus des genres Amphidinium, Gymnodinium et Gyrodinium 
ainsi que certaines especes reputees ctltieres comme Scrippsiella trochoidea et 
Coolia sp. 

La courbe des variations du phytoplancton total presente des pies d'augmen
tation sporadiques qui correspondent generalement a des jours ou la mer est 
agitee; ainsi ce total passe de 100 a 30 900 celL/1. du 5eme au 6eme jours et 
lea exemples sent nombreux (11-12; 16-17; 25-26; ... jours) (Fig. 2). Ceci peut 
~tre dO a des especes benthiques qui enrichissent le milieu pelagique, peut-Hre 
aussi a une advection d' especes du large; d' ailleurs la correlation est signi fi
cativement positive entre l 'etat de la mer et le phytoplancton total, ainsi qu'entre 
le premier et les Diatomees. 

Si on elimine les pies sporadiques, surtout ceux du debut de la peri ode, on 
remarque une augmentation progressive de l'effectif phytoplanctonique due a la 
poussee automnale observee sur la cOte Libanaise (A880UD-ABI SAA8, 1985). Cette 
poussee, analysee a 1 'echelle hebdomadaire et mensuelle, a montre, contrairement a la 
poussee printaniere, une augmentation regulH•re de 1 'effectif phytoplanctonique et 
1 'absence des pies sporadiques. 

L' effet des conditions climatiques et hydrologiques qui regnent durant cette 
ptfriode ne peut pas ~tre ecarte: en effet, une peri ode de calme, entre octobre et 
novembre, ·caracterise cette region, ainsi que la presence d'une stratification nette 
des··couches d' eau. Ces conditions ont pour consequence 1 'amortissement de 1' effet 
climatique et meteorologique sur les couches d'eau superficielles; cet effet est 
plus sensible et mieux decelable evidemment dans une station tres ciitiere et peu 
profonde (z = 2 m). m~me a courte echelle (ici quotidienne); mais une fois que 
1' effet de la perturbation disparait, la courbe generale reprend son evolution 
normale. 
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Effect of some nutrients and their combinations on the growth of 

Anklstrodesmus fslcstus 

INTRODUCTION. 

Ramses R. ABDALLA" , Esha EL-AUYTI"" and Zeinab M. EL-SHERIF" 

"National Institute of Oceanography and Fisharies, Alexandria (Egypt) 
""Botany Department, Faculty of Science, Cairo University (Egypt) 

The purpose of this work is to investigate some algal nutrient 
relationships. The regression coefficient was used as a measureof the 
relationship between two dependants or more excluding the influence of 
a certain number of other physical and chemical factors . which might 
simultaneously affect the.-variables considered. This paper is dealing 
with the effect of N, P, Fe and their intereffects on the growth of 
Ankistrodesmus fa"lcatus var. mirabile W.& G.S. West, 

MATERIAL AND METHODS. 
The alga was· cultured in modified .Chu 10 solution, by adding the 

cations as chloride salts and the anion·sas sodium salts (Chu,l942). 
The complementary effect of the three variables· was, evaluated by 
applying central-composite rotatable design (Cochran & Cox,1957 ) where 
each factor varied at 5 levels (-1.682, -1, 0, +1, +1.682 ) .·-The ·scale 
of neutral· variable change was chosen to be logarithmic, so .the real 
element concentration was as follows: N(0.5, 1, 3, 9, 19 mg/1), 
P(0.214, 0.4, 1, 2.5, 4.67 mg/1), Fe (0.053, 0.1, 0.253, 0.64, 1.2lmg/l) 
Experiments were performed in triplicates. Cultures were grown in 
incubator at light intensity 5 K lux and temperature of 25 ±1 °C. 

RESULTS AND DISCUSSION. 
Equations ( 1-4) represent the regression models describing the 

dependence of culture growth (Y) cell/ml on the different concentration 
levels of N, P, and Fe for the different days of experiment. 

8623 + 797 XN - 121 XF - 126 XPF - 1618 XN2 

- 643 Xp2 - 665 XF2 

14929 + 2485 XN - 403 XNF - 935 XNPF - 3067 XN2 

- 1483 ·xp2 - 867 XF2 

16811 + 6003 xN + 1642 xP + 818 xNP - 562 xPF 

- 926 XNPF - 1981 XN2 - 131 Xp2 - 667 XF2 

Y10 .10
6 

= 18133 + 7992 XN + 1386 Xp + 1097 XNP - 1168 XN2 

(1) 

(2) 

(3) 

- 1308 Xp2 - 693 XF2 ( 4) 

For the second day of growth ( Y 
2

), it was not possible to obtain 
adequate model. This ma,y be attributed to the lag phase of growth 
during that. time. The analysis of data showed that, allover the time of 
experiment;-. cultures .were ·l!lainly. affected by the simple linear regre
ssion effect of N. The effects of P and Fe were .missed during some days 
of growth. ·This does not mean that ·at that particular time, P br Fe has 
no effect on algal .growth,their effect can be easil·y .. detected through 
their intereffect for either one with the other or with N. Cultures 
were also affected by 2 unlike intereffects, the positive intereffect 
of N with P and the negative one of P with Fe. The synergistic effect 
of simultaneous N and P addition on culture growth has been discussed 
by several authors (Gatham & Rhee, 1981 a,b ;Abdalla, 1986), increasing 
nitrate concentration in culture media stimulates both N and P uptake 
by algal cells, establishing different amounts of cell N and P needed 
for cell division. The natural intereffect of P with Fe on algal growth 
is positive (Abdalla,l986_;Abdalla~ .!.!.·•1986).The unexpected negati':'e 
nature in our case can be attributed to the fact that the concentratJ.on 
level for P and Fe used in this experiments was too. high. compared. with 
the levels used in the previous mentioned papers. From the chemical 
point .of view, in alkaline medium, the unchelated ferric ion,when the 
phosphate at a high level,enhances the formation of unsoluble ferric 
phosphate, lowering iron concentration, which negatively affects cultu
re growth. The results of the ·present investigation show that the infl
uence of variables acting together (interaction effects) are more 
important in understanding the dependence of culture growth on the 
concentration levels of nitrogen, phosphorus and iron.The relationship 
between algal growth and the concentration of N and P at the S.!;h day of 
growth is illustrated in Fig.a, where iron is at a level of (-1)0.1mg/1 
while Fig.b represents the same relationship when iron at the higher 
level. (+1) 0.64 mg/1. 

, ... ,J, .. ,tN 
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P-Illl 
The winter Phytoplankton of the North Suez Canal, January 1990 

M.-M. DORGHAM 

Oceanography Department, Faculty of Science, Alexandria University (Egypt) 

Phytoplankton as well as other organisms of the Suez Canal in 

general and Port Said in particular, is attractive to the marine bio

logists. The importance of Port Said area comes from being the northern 

entrance of the Suez Canal, the biota of which is affected by the north

ward current passing the Canal from October to July and reaching its 

maximum in winter (MORCOS, 1967). Such current carries the plankton or

ganisms from the Indo-pacific Red Sea habitat to· the Atlanto-Mediterran

ean habitat, and though facilitates the immigration of species between 

the two habitats. 

During January 1990, samp·les were collected from 7 stations dis

tributed inside the Canal, in the Harbour and outside the Harbour. Qua

litative samples were collected by oblique hauling of a fine net with 

55 }lm mesh size, and the quantita.tive samples (one litre each) were col

lected from the surface water by Niskin bottl~. 

The winter (January) phytoplankton of Port Said was composed of 

73 taxa of diatoms and 64 taxa· of dinoflagellates. Remarkable number 

were neritic or littoral. The phytoplankton community was dominated by 

the diatoms: Nitzschia delicatissima, Lithodesmium undulatum, Chaetoce

~ curvisetum, _9:1_. decipiens, leptocylindrus danicus, Rhizosolenia 

stolterfothii, Thalassiothrix frauenfeldii, Coscinodiscus ~and~

lotella meneghiniana. Some of dinoflagellates were common such as Cerat

ium furca, .£· lineatum, .£· egyptiacum and Protoperidinium ~· Seve

ral brackish and fresh water forms were observed in the area possibly 

transferred from the adjacent Lake Manzalah. The distribution pattern of 

phytoplankton species in Port Said showed obvious homogeny among the 

stations, but with different abundances. Such homogeny is attributed to 

the current regime in the Canal during winter (DO\\'IDAR, 1976). 

In the water samples, the standing crop varied between 30636 

cells 1-l and 890000 cells 1-l with an average of 349275 cells 1- 1 • The 

lowest c·rop was observed at the proper Mediterranean stations, while the 

highest crop was found near the inlet of the brackish water to the Canal. 

The leading species of the standing crop were Nitzschia delicatissima 

forming 36-71% of the total crop, Skeletonema costa tum (5-25%), Cyclotel

.!! meneghiniana (18-19%) and Leptocylindrus danicus (5-7%}. 

The species composition and the standing crop of phytoplankton 

in Port Said varied significantly from those recorded by DORGHAM (1974) 

and DOWIDAR (1976). These variations are related to changes in factors 

acting in the Canal during the past two decades, such as increase of oil 

pollution and water disturbance due to the ship movements in the Canal 

and the widening processes of the Canal. 

The most characteristic feature of the winter phytoplankton was 

the existence of several species, which were recorded by HALIM (1970) 

and DOWIDAR (1976) as Red Sea immigrants, namely; Coscinodiscus ~. 

Biddulphia sinensis, Ceratium ~and .£• egyptiacum in addition to 

Rliizosolenia shrubsolei, B_. alata, B_. calcar-avis and Guinardia flaccida, 

w"hich might be also Red Sea immigrants, particularly in winter. Moreover, 

other Indo-pacific forms such as Hemidiscu_s hardllYanianus, Ceratium schmi

dtii, .£. lineatum, .£· recurvatum, Protoperidinium ~ and .!:· conicum 

v. assamushii were not recorded previously in the study area or in the 

eastern Mediterranean. Some of these species were found in significant 

density in the net samples. Therefore, they may be regarded as immi gran

ts from the Red Sea. STEINITZ (1968) stated that introduction of individ

uals of species already represented in the involved area is immigration 

at least from the numerical point of view. 
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Variations in the surface and volume of three Diatoms along the Suez 
Canal 

M.-M. DORGHAM, N.-M. DOWIDAR andY. HALIM 

Oceanography Department, Faculty of Science, Alexandria University (Egypt) 

The diatoms Rhizosolenia shrubsolei, B.- calcar-avis and ~

~ flaccida were chosen to assess the variations in their surface and 

volume in relation to variations in temperature, sal'inity ·and water den-

sity. The samples were collected from Suez Bay, Bitter Lake and Port 

Said in winter and summer 1970. Conceiving the cellas·aclosed cylinder, 

the surface-A and the volume-V. for.lOO cells of each species from the 3 

regions were calculated,based on the length and diameter of the cells. 

For B.· shrubsolei, the A as. well as A/V ratio were higher in 

summer than "in winter in Suez Bay and Bitter Lake. Suc·h condition may 

be related to the decrease of the water density in su·mmer in both reg

ions (Table 1). Otherwise, Port Said population showed small•er : A rn 

summer than in winter, but its A/V was higher in summer (Table 1). This 

may be related to the lower salinity of Port Said and accordingly the 

A/V must be increased to keep the cell float. 

For B.· calcar-avis, the summer population of Suez Bay was not 

treated due to its rarity. Population of this species showed more or 

less different pattern from that of B.· shrubsolei. In the Bitter Lake 

and Port Said, the summer A was lower than in winter (Table 1). Howe·ver, 

the A/V for the two populations were higher in summer. This behaviour 

is contrary to that of B.· shrubsolei and may indicate that the light re

quirement of ·B.· calcar-avis is relatively high and it may proliferate 

in water of high temperature and high salinity. This may also is in ag

reement with the ecological affinity of this species as it is a tropical 

and subtropical species. 

Region 

Suez 
Bay 

Bitter 
Lake 

Port 
Said 

Suez 
Bay 

Bitter 
Lake 

Port 
Said 

Sea son 

w 
s 

Season 

w 

Temp. 

15 

30 

14 

29 

15 

28.5 

800 

1192 

818 

1091 

512 

Salinity d't 

41.2 30.61 

41.7 27.01 

44.6 33.18 

45.8 30.39 

37 26.76 

38 24.51 

843 

1521 

735 

1409 

450 

94 

78 

111 

77 

114 

B.· calcar-avis 

313 

318 

339 

461 

350 

240 

137 

135 

148 

287 

177 

108 

.!!· shrubaolei 

215 

211 

291 

159 

248 

273 

193 

195 

308 

ll2 

261 

254 

Table 1- Temperature, salinity, water density and average 

surface and volume of the 3 diatom species in the 

3 regions in winter (W) and summer (S). 

A/V 

229 

236 

229 

161 

198 

222 

A/V 

111 
108 

94 

142 

95 

108 

For Guinardia flaccida, spatial variations of A were more pro

nounced than the seasonal variations. However, in the Bitter Lake, the 

A as well as A/V were remarkably higher in winter than in ·summer and in 

the mean time, the summer A was the lowest for the 3 regions in both 

seasons (Table 1). This may indicate that Guinardia flaccida, a south 

temperate species probably does not prefer the very surface water of 

the Bitter Lake with high temperature, salinity and illumination, par

ticularly in summer; it therefore may sink down. 

Thus the 3 diatom species showed more or less different pattern 

of seasoQal and spatial variations of the A and A/V. These variations 

may be related to the variations in temperature, salinity and water den

sity as well as specific gravity and ecological affinities of the diff

erent spec! es. The interaction between these factors 1 ea ds-to in crease 

or decrease in the surface and volume of the cells in order to.keep 

their floating level. 
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P-II13 
Size variations of Gulnardla flacclda (Castracane) Peragallo in 

different zones of the Suez Canal 

M.-M. DORGHAM, Y. HALIM and N.-M. DOWIDAR 

Oceanography Department, Faculty of Science, Alexandria University (Egypt) 

The variations in cell dimensions of the diatom Guinardia flac

.£!!!! in 3 separate zones of the Suez Canal were examined in winter and 

summer. The observed varia bill ty is ten ta ti vel y ascribed to the effect 

of temperature and salinity variations. 

The sampled zones were: Suez Bay-S (S%. :41.2-41.7%.), the Bitt

er Lake-B (S%.:44.6-45.8%,) and "Port Said-P (S%.:37.39%v). Samples were 

collected in February (temp. :14-15°C) and July (temp. :29-30°C). Length

L and diameter-D of 100 cells from each zone were measured in both win

ter and summer. The data were statistically treated according to SNEDE

COR (1956) and HAYSLETT (1970). 

The cell dimensions of Guinardia flaccida were subjected to re

markable variations in the 3 zones of the Canal. The summer population 

at S exhibited sign"ificant increase in cell diameter and insignificant 

decrease in length compared to winter (Table 1 and Figs. 1&2). In B, 

both cell dimensions decreased significantly in summer. The P individ

uals were subjected to remarkable increase in cell length and decrease 

in diameter during summer. Analysis of variance indicated highly signi

ficant (HS) seasonal variations in the cell dimensions (Table 1). 

Remarkable spatial variations in the 

length and diameter were also observed among 

the 3 populations in winter and summer. In 

winter, variations between the S and B popu

lations were highly significant (Table 2) , 

where B population tended towards the lon-

ger and wider individuals. The P population 

exhibited shorter lengths tl'lan those of both 

S and B, indicating a highly significant var

iation. (Table 2). Otherwise, the variations 

in the cell diameter between P arid B were not 

significant (NS). In general, regional varia-

tions in the cell dimensions among winter· pop-

Zone Para- F ratio 
meter 

s L 2. 87 NS 

D 7.02 HS 

B L 10.39 HS 

D 344. 63 HS 

p L 89.04 HS 

D 90.82 HS 

Table 1- Seasonal var
iations. Analysis of 
variance of length &: 
diameter in the 3 zones. 

ulations were significant. The summer populations of S&B showed signi

ficant regional variations (Table 2). The B individuals were mostly 

longer .and narrower. The P population exhibited highly significant 

variations in length 

compared to S&B(Table 

2). However, cell dia- 40 

meter of P varied re

markably 'from that of 

B, while it was compa

nble to that of s. 

~ 20 

The results 

indicate that varia

tions in cell dimen

sions may be related 

to -variations in. tem

perature and salinity. 

40 

20 

Para- S-B B-P I P-S S-B-P tneter 

Winter 

L HS 
HS I HS HS 

D HS NS HS HS 

Summer 

L HS HS l HS HS 

D NS HS NS HS 

Table 2- Spatial variations, 
analysis of variance of L&D 
in winter and summer. 
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Fig. 1- Different componen~s of cell 
length (% frequency-) 1n the stu
died zones in winter and summer. 

40 

20 

~ 60 
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:::> 

g' 

t: .60 

40 

20 
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Fig. 2- Different components of cell 
diameter (% frequency) in the 
studied zones in winter & summer. 
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P-II14 
Microplankton Assemblages in the Gulf of Aqaba, Red Sea, during the 

Destratification Period 

Amir NEORI" , Nurit GORDON" and Baruch KIMOR"" 

"Israel Oceanographic & Limnological Research, National Center for Mariculture, P.O. Box 1212, Eilat 88112 
(Israel) 

""Technion - Israel lnst!tute of Technology, Faculty of Agricultural Engineering, Haifa 32000 (Israel) 

The samples from two cruises, during October and December 1989, were analyzed for 
species composition and chlorophyll concentration at the surface layer, near 100m and just 
below the thermocline, at our Reference Station A at the northern end of the Gulf of Aqaba. 
The two cruises covered the end of the eight-month -stratification period and the incipient 
annual winter overturn, respectively. The taxonomic groups studied, collected by the FTF 
(Filter Transfer Freeze} technique [1) included the cyanobacteria, monads and 
silicoflagellates of the pico lll}d nanoplankton and the diatoms and dinoflagellates of the 
larger phytoplankton. (Tables 1-2). 

During the October cruise (Fig. 1), a pronounced chlorophyll maximum was observed 
at the surface. A second chlorophyll maximum was observed between 60-100 m, followed by 
a steep decline at greater depths. This state was typical of the whole stratification period. 
During the second cruise (Fig. 2}, the chlorophyll values remained similar down to 200 m, 
followed again by a steep decline. These differences between the two cruises correspond to 
the hydrographic data, which indicate a strong stratification in October and no stratification 
down to 200m in December (B. Lazar, pers. comm.}. 

The samples collected during the two cruises differed both in general taxonomic 
representation of the microplankton components and in the distribution of species 
composition assemblages with depth. Thus, for example, the dinoflagellates, tintinnids and 
acantharia were far better represented in October than in December. As to the depth 
distribution, in October different species assemblages were recorded at each depth, wh~le in 
December such a comparison showed a substantial overlap. As with chlorophyll 
concentration, these temporal and depth related differences in species assemblages can be 
correlated to the hydrographic conditions existing at the time. Qualitatively similar 

. relationships had been observed off the Mediterranean coast ofisrael [2]. 
The overall autotrophic biomass (data not shown) showed three maxima (0, 60 and 110 

m) in October, but was stable with depth down to 200 m in December. Cyanobacterial 
biomass was significant in all depths over the thermocline, averaging 20-30% of the total 
microplankton biomass. The heterotrophic biomass was significant and increased rather 
steadi1y with denth down to 100 m in October, while it was low and varied with depth in 
December. The (;:action of heterotrophs in the microplankton biomass was much higher in 
October (25%} than in December (12%}. This feature can be related to the level of nutrient 
~~cJ~i~~~~fl:~i~a~~[;{~ered to be more important in the photic zone of highly oligotrophic 

1. 

2. 

3. 

~ 

~~~ ~ s !j 

~;J f u II ! 

f ! :, ±S is il 
~ ~ g 

a ~~~~ I~ 
e un u ~~ j 

~~i~ !il{:; 
u 

~~n~~g 

unn1 ~ 
l ,!l~~~~~ I 

~ ~ 

h II ~~ a< 

References 

Hewes, C.D. and Holm-Hansen, 0. 1983. A method for recovering nanoplankton _from 
filters for identification with the microscope: the filter-transfer-freeze (F'TF) techmque. 
Limnol. Oceanogr. 28:389-394. 
Kimor, B., Berman, T. and Schneller, A.1987. Phytoplankton assemblages in the deep 
chlorophyll maximum layers off the Mediterranean coast of Israel. J. Plankton Res. 
9(3): 433-443. . 
Eppley, R.W. and Peterson, B.J. 1979. Particulate organic matter flux and planktomc 
new productiop in the deep ocean. Nature 282:677-680. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 

207 

P-Illl 
Sur le Plancton epibenthique 

F. VIVES" , E. ARIAS"" et M. DELGADO"" 

•Institute de Estudios Avanzados de las Islas Baleares (Espana) 
••1nstituto de Ciencias del Mar (Espana) 

Dans cette communication, .nous etudions le comportement du plancton du premier 

metre d'eau au-dessus du fond marin (plancton de l'epibenthos), en rapport avec les 

parametres physiques des eaux . 

L' etude des variations de la temperature nous montre des changements dans ces 

eaux profondes le long de 1' annee, di fferents salon qu 'il s • agit de fonds si tues 

au-dessous ou au-dessus de la thermocline estivale; 

Les sels nutritifs mont rent aussi des fluctuations le long de 1' annee mais, dans 

des aires peu profondes, s 'observent des valeurs notablement •Heveeis qui permetteint 

le de.veloppement de populations vegetales import antes, a la difference de ce qui se 

passe dans las zones plus profondes (superieures aux 50 m} pour lesquelles la lumiere 

est un facteur limitant, donnant lieu a des productions primaires particulierement 

basses. 

En ce qui concerne le sediment, on observe una relation directe entre la 

quantite de chlorophylle-a du plancton et cella du sediment, quoique ce parallelisme 

n'existe pas toujours; c'est pour eels qu'a partir des donnees obtenues, nous pouvons 

eF>Visager 1' influence de la sedimentation du phytoplancton present danS la colonne 

d 'eau sur 1' a bon dance de la chlorophy lle-a du sediment. 

Malgre eels, nous devons considerer !'existence de chlorophylle-a autochtone 

due au benthos; toutefois a partir de 50 m. de profondeur, la lumiere qui atteint 

le fond est trop faible pour maintenir cette population phytobenthonique. 

0' autre part, les c_oefficients pigment aires 0 430;o 
664 

des echantillons du 

sediment des fonds superieurs aux 50 m.' sont beaucoup plus eleves que ceux du 

plancton neritique. 

L' etude sequentielle des populations naturelles, du zooplancton de la zone 

epibenthique a montre, d' une fac;on tres nette, que les groupes zoologiques etaient 

representes par un petit nombre d'especes tres abondantes en individus et par un 

grand nombre d'especes accompagnatrices a. faibles densites en individus. 

Les groupes les mieux representes sont les Protozoaires, les Siphonophores, 

les Chaetognathes, les Copepodes, les Euphausiaces et les Thaliaces, aux especes 

nombreuses. En tenant compte des aspects ecologiques respectifs, il est fait 

reference aux concentrations presque monospeci fiques qui parfois tapissent le 

fond marin: nous pouvons citer comme especes : 

Orbulina ~ et Au:acantha scolimantha (Protozoaires) qui ferment de 

.juin a novembre, une proportion tres importante de la biomasse planctonique et qui 

dans certains prelevements, sont presque monospeci fiques. 

Parmi les Siphonophores, Chelophyes appendiculata et Muggiaea atlantica 

qui montrent leurs plus grandes concentrations de l'annee respectivement d'avril 

II mai et de mars a septembre. 

Les Chaetognathes Sagitta setosa et ~ enflata, tres abondants en automne, qui 

_ sont d'une richesse extraordinaire, specialement la premiere. 

Quatre especes de Copepodes (parmi les 70 trouvees dans le premier metre) qui sont 

specialement abondantes : Calanus helgo1andicus, Acartia clausi, Pleuromamma gracilis 

et Temora stylifera avec des· localisations differentes : les deux premieres sont 

. phytophages par. excellence et les deux dernieres, carnivores-omnivores. 

Parmi les Euphausiaces, on a note la presence d' importantes populations 

d'Euphausia krohni ~ partir de septembre, sur les fonds superieurs aux 50 m, ainsi 

que en avril de grands essaims de~ Fusiformis (disparaissant en mai). Cette 

dernH•re espece, sur le plateau, se trouve dans toute la colonne d' eau, mais no us 

devons tenir compte de la migration verticale qu' effectuent les salpes pendant le 

jour. Ainsi, les individus de cette espece, a midi, se trouvent concentres sur le 

fond jusqu' a 150 m de profondeur. 

Pour terminer, on developpe quelques considerations sur 1 'alx>ndance plus ou 

mains grande de ce plancton epibenthique en rapport avec la migration verticals du 

zooplancton, et sur .une migration possible dans le sens horizontal et dans le temps 

(vers le large et vice-versa}, pour finir en discutant si cette migration est en 

"rapport ·direct ou non avec la temperature : la thermocline, en s'enfonc;ant a mesure 

que 1' ete passe, constituerait une frontiere nature lle thermique pour un certain 

nombre d' especes tandis que pour d' aut res, elle resterait totalement indi fferente. 
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Les Chaetognathes bentho-planctoniques en Mediterranee 

Jean-Paul CASANOVA 

Laboratoire de Biologie animale (Piancton}, Universite de Provence, 3, Place Victor Hugo, 13331 Marseille 
C8dex 3 (France) 

C'est a Doncaster QUe !'on doit Ia premiere mention de Chaetognathes 
bentho-planctoniques profonds,lorsqu'il decrivit (in lo Bianco, 1903) deux nouvelles especes de 
Spadelles recoltees dans des dragage8 en face de Naples : Spadella muscu/osa, entre l 00 et I 000 m, et 
S. profimda, ill 000 et II 00 m. Mais cette decouverte fut rapidement oubliee; en cffet, Ritter-Zahony 
(1913), !'eminent specialiste de l'epoque, mit Ia premiere en synonymic avec S. cephaloptera et 
considera Ia seconde comme une Sagitta recoltee lors de Ia remontee de Ia drague. L'improbabilite de 
son interpretation est pourtant evidente : d'une part, S. muscu/osa ne pcut avoir ete confondue avec S. 
cephaloptera, nettement plus petite (5,5 mm au maximum en Mediterranee, contrc 1 mm), et vivant a 
moins de 50 metres de profondeur; d'autre part, ainsi que le notait dcjil Ghirardelli (1952), Ia longueur 
du segment caudal de S. profunda (50% de LT) ferait davantage pcnser a Pterosagitta draco qu'il une 
Sagitta, evcntualite que Doncaster lui-meme avait rcpoussee. Tokioka (1939; 1965) est le seul auteur a 
ne pas avoir ecarte a priori Ia validite de ces deux especes, opinion que je partage puisque, a partir de 
l986,j'ai decouvert une dizaine d'especes bentho-planctoniques profondes nouvelles, parmi lesquelles 
deux en Mediterranee occidentale, appartenant aux genres Spadella et Archeterokrohnia. 

Spadella birostrata 
En 1987,j'ai decrit cette espece des parages de Gibraltar et de Ia mer d'Alboran, sur des 

fonds compris entre !50 et 555 m, et l'ai retrouvee en 1988 vers 300 m de profondeur sur le haut du 
talus continental en face d'Arcachon, dans des prclevements cpibenthiques effectues ill'aidc d'un 
traineau (Sorbe; 1983), cet engin s'avcrant mieux adapte que les dragues ala recolte de ces organismes 
vivant poses sur le fond. J'avais denombrc un millie~ de specimens dans les 6 prelevcments dont je 
disposais aloes, soit en moyenne 4,8 specimenslm d'eau filtree ~ Ia couche echantillonnee, 
comprise entre 0 et 50 em du fond, avec un maximum de 7 specimenslm . Et lorsqu'on sait qu'en mer 
d' Alboran le niveau prefercntiel de cette espi;ce se situerait vers 500 m, il est a prevoir que s'il en est de 
meme dans le golfe de Gascogne, elle a un role Ires important dans l'ecosysteme bentho-planctonique a 
ceniveau. 

Une comparaison avec Ia Mediterranee me paraissait interessante. Pai done demande a 
examiner une vingtaine de recoltes i:ffectuees ill' aide d'un autre type de traineau (Ledoyer,l983), sur 
le bane des Blauquieres, au Sud-Ouest de~ iles d'Hyeres et au Nord de Ia Corse (fig. I), a des 
profondeurs comprises entre 146 et 463 mlJ. Les engins de recolte etant differcnts et les volumes 
d'cau filtree n'ayant pas ete mesures, it est difficile de fairc des comparaisons quantitatives. On peut 
dire cepcndant que Ies Chaetognathes y sont moins frequents que dans Ie golfe de Gascogne puisque 
seulement prCsents dans 7 des 21 traits realises a des profondeurs du meme ordrc, c'est-il-dire au-delil 
de 200 m. II s'agit Ia aussi de Spade/Ja birostrata, qui atteint ici des tailles superieures a celles des 
specimens atlantiques, puisque le plus grand mesure 11,5 mm (l 0 mm dans le golfe de Gascognc). Un 
exam en attentif de ces specimens montrc qu'il ne peut s'agir de l'une des deux especes de Doncaster. 
En effet, Ies crochets sont lisses, ce qui exclut S. musculosa aux crochets legercment serrules, ct les 
dents postericures sont moins nombrcuses que les dents anterieures (3 i14 contre 7 aS), ce qui cxclut 
S. prolimda qui a Ie meme nombre de dents anterieures et posterieures (7 il8 contre 8). 

Archeterokrohnia palpifera 
c 'est a partir de deux specimens, preleves dans un dragage il2000 m de profondeur en 

face des ootes sud-occidentales de Ia Corse, que Jai decrit cette espece, en 1986. Ellc appartlent a Ia 
famille des Heterokrohnides, generalement de grande taille, bien representee dans l'Atlantique a 
proximite du fond, a partir de 1300 m de profondeur. II ne serait done pas etonnant que d'autres 
especes de ce genre ou du genre voisin Heterokrohnia soient presentes en MCditcrranee. 

60 

Fig. I.- Carte des chalutages ayant foumi des exemplaires de SpadeDa birostraiJL. 

Ainsi il existe des Chaetognathes bentho-planctoniques en MCditerranee, dcpuis Ia cOte 
jusqu'a Ia plaine abYssate : Spadel/a cephaloptera , commune dans Ia zone neritique, notamment dans 
Ies herbiers de Posidonies, S.birostrata, jusqu'il present connuc entre 146 et 555 m ;. vers 1000 m, 
scion Doncaster, existeraient deux autres espi;ces de Spade/la ; enfm, plus profondement, Ia place 
serait occupee par Ia famille des Heterokronides. 

Ce schema rappclle celui observe dans I' Atlantique, ala difference p~ qu'il n'y ~pas~ 
discontinuite dans ce peuplement : en effet, j'ai pu observer des ~padelles (S. Cfll!!dentata) JUS.CJU a 
1500 m de profondeur dans des recoltes du N.O. "Discovery" (resultats non pubhes),1es ~cnueres 
especes d' Heterokrohnia apparaissant vers 1300 m. II se pourrait done que des _prospections p~us 
nornbrcuses revelent aussi en Mediterranee une succession ininterrompue de ces especes plus ou moms 
liees avec Ie fond. 

1) Je n:mereie le Dr. P.M. Arnaud (Station Marine d'Endoume) de m'avoir confie ee materiel. 
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Les peuplements d'Euphausiaces de Ia zone epibenthique de Ia 
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Cedex 3 (France) 

La prospection en Mediterranee des Euphausiaces dans Ia zone epibenthique profonde (par 
2400 a 2700 m de fond) n'avaitjamais etc faite, aloes qu'on les y avail observes grace au bathyscaphe 
(Peres etal, 1957; Peres, 1958, 1960; Bernard, 1958). Or, comparerles captures faites au voisinage 
du fond avec celles que nous connaissions dans Ie domaine pelagique sur le meme secteur, etait 
particulierement interessant , d'autant plus que nous avions constate que, pour certaines especes au 
moins, Ia filtration des boues sCdimentaires pouvait constituer un apport alimentairc (Casanova,! 974). 

Les recoltes proviennent de Ia campagne Biomede I (aoO.t 1976 ) entre les cotes de Ia 
Provence et de Ia Corse occidentale, soit entre 41 et 42" Net entre 15 et 9" E. Les 15 prelevements 
effectues avec Ia drague Cpibenthique (Hessler et Sanders, 1967) a plus de 2000 m ont etc positifs, aloes 
que Ie rendement de Ia drague Charcot n'etait que de 20% et celui de Ia drague spatangue de 5%. Bien que 
l'ouverturc de l'engin soit rclativement faible·(0,80 x 0,25 m), comparee a celle d'un filet a plancton de 
type classiquc, il faut reconnaitre que Ia capture en un seul dragage de 5 a 6 especes sur les 13 connues en 
MCditerranee est interessante ; i1 est vrai que Ia duree du trait (plus de 4 heures) n'y est sans doute pas 
etrangi;rc. 

Neuf especes ont etc recoltees, a savoir : Nematoscelis megalops , Meganyctiphanes 
norvegica, Euphausia krohni, Stylocbeiron Jongicome (forme longue), Euphausia hemigibba, 
Tbysanopoda aequa/is, Stylocbeiron abbreviatum, Stylocbeiron maximum et Nematoscelis atlantica. Si 
l'nn se refere aux inventaircs anterieurs rclatifs aux peches planctoniques (Bacescu et Mayer, 1961 ; 
Macquart-Moulin et Lcveau 1968; Casanova, 1968 et 1974; Wiebe et d'Abramo, 1972) on rctrouve Ia 
meme especc dorninante, N~atosce/is megalops, accompagnant les autres formes "temperees" que sont 
EupbaJJsia krobni ct Stylocbeiron Jongicome. Meganyctipbanes norvegica, forme "borCale", est assez 
bien representee en cette periode estivale sur les stations Ies plus proches du chenal ligurien oil elle abonde 
(Boucher et Thiriot, 1972) ; c'est d'ailleurs Ia forme majoritairc du macroplancton observee en soucoupc 
ou pecheeauchalutpe1agique dans ce sectcur(Franqueville, 1970, 1971). Onaurait pu s'attendrc, vu Ia 
grande profondeur des prospections a trouver l'espece temperee Stylocbeiron maximum en plus grand 
nombre, en raison de son alimentation zoophage et de son niveau trophique profond; il faut croirc qu'elle 
reste relativement rare en MCditerranee. Malgre leur presence discrete, il existe quatre formes 
"subtroplcales", Euphausia bemigibba, Tbysanopoda aequa/is, Stylocheiron abbreviatum et Nematosce/is 
atlantica qui deviennent plus abondantes dans les secteurs meridionaux des deux bassins mCditerraneens 
(sud du secteur central, mer TyrrhCnienne, secteur siculo-libyen et sud du bassin oriental). Les deux 
autres especes de cette categoric vivant en MCditerranee: Euphausia brevis(Ruud, 1936; B. Casanova, 
1974) et Stylocbeiron suhmi, n'ont pas etc trouvees dans ces recoltes. II est vrai que Ia demier~ 
ccpendant, est plus abonclante en MCditerranee orientale. En rcvanche,l'absence de Tbysanoessa gregana 
et de Nyctipbanes coucbi n'est nullement surprcnante puisque Ia premiere se maintient .dans Ia couche 
d'eau superficielle "d'lnfluence atlantique", dans le sud et le centre du bassin occidental, et Ia seconde 
affectionne les aectcurs neritiques plus septentrionaux, comme le golfe du Lion. 

Quels enseignements peut-on tircr de !'etude de ce materiel ? Tout d'abord, pour toutes Ies 
espi:ces, lea tailles, mesurees de Ia pointe du rostre a celle du telson, presentent surtout des valeurs 
maximales indiquant peut-etrc que Ies grands specimens se tiennent prefercntiellement au voisinage du 
fond. On notera que Ia sex-ratio est nettement en faveur des femelles chez Meganyctipbanes norvegica 
Nematoscc/Js megalopsct Euphausia krobni, et qu 'en revanche les deux sexes sont plus equilibres chez 
Stylocbeirm /ongicome, S. abbreviatum et Euphausia bt:migibba.. En ce qui conceme Ia reproduction, Ia 
presence de quelques poSt-larves chez Euphausia krobni et Stylocheiron longicome, de quelques jeunes 
furcilla chez Nematoscc/is megalops ainsi que d'une femelle ovigerc chez celle-ci et chez Stylocheiron 
maximum, indique, pour cctte periode estivale, une activite reproductrice chez ces especes . En revanche, 
!'absence de spermatophore chez Meganyctipbanes norvegica mantee que cette espi;ce n'est pas en phase 
de reproduction. Ces dlfferentes rcmarques sont Ia confirmation de ce que nous avions deja observe 
antCtieuremenL ll est interessant de mentionncr que 8% de Ia population epibenthique de M.norvegica est 
pamsltec par un Ellloblopsidae ( Tbalassomyces fagei Boschma ?) contre 2% seulement pour celle recoltee 
dana le plancton, dana cette meme region. L'implantation du parasite se fait, le plus souvent, entre le 
c(\phalothorax et !'abdomen : de longs filaments trophomeres, formant par endroits des masses 
noduleuses (gonomeres? ), s'insinuent sous Ia carapace et en bordure de celle-ci, atteignant vers !'avant le 
premier thoracopode ct vers l'arrierc Ie deuxieme pleopode. Cette extension laterale d'un seul cote du 
parasite, sur pres de Ia moitie de Ia longueur du Crustace, doit plus alourdir et entraver sa nage qu'influer 
sur sa reproduction (Einarsson, 1945) puisque le petasma des m8les est intact. 

Quoiqu'il en soit, Ie pcuplement 6pibenthique de ce secteur nord de Ia Mediterranee 
occidentale est constitue par un fonds d'especes temperees dominantes, avec une espi;ce boreale 
abondante et, en petit nombrc, quatrc formes subtropicales. La presence de ces Eup~usiaces dans Ia 
couche d'eau prCc:Cdant Ie fond, aussi bien de jour que de nuit, montrc que meme les especes migratrices 
comme Eupbausia krobni, E. bemigibba et Meganyctipbanes norvegica ne desertent pas totalement Ies 
grandes profondcurs. Cette zone epibenthique constitue done en MCditerranee une region frequentee par 
cca Crustaces, comme nous l'avions dejil constate dans Ie golfe de Gascogne (Casanova, 1985 ). Ces 
deux etudes montrent !'interet qu'il y aurait a etudier Ia faune peuplant les quelques metres au-dessus du 
fond en amC!iorant Ies engins de recoltc car, ainsi que nous l'avons souvent constate, les specimens sont 
assez ahimes. 
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P-IVI 
Study of water turbidity in the Port of Pollenc;a (Balearic Islands) 

B. CABRER', J.-L. FERRA", V. FORTEZA", G. MOYA", M.-R. PICORNELL", M.-M. RAMIS" and G. 
RAMON" 

'Conselleria de Sanitat i Seguretat Social, Govern Balear (Espana) 
"Departament de Biologia, Universitat de les Illes Balears, Palma de Mallorca (Espana) 

The Bay of Pollenc;a is in the north of Majorca, between the capes of Formentor 
and Pinar. The Port of PollenQa is located to the north-west of the bay. It is 610 m long 
and 2700 m wide, with a maximundepth of 7 m. 

The Port has in the fast years suffered a problem of turbidity during the summer 
months. This was particularly serious and longlasting in 1987, and prompted an 
investigation into its causes which was initiated at the end of that year. 

The present contribution shows tl}e results from one year's (1988) monitoring of 
the following parameters: temperature_, total suspended matter, dissolved oxygen, 
nitrates, nitrites, phosphates, silicates, pigments and phytoplankton according the most 
common methods (APHA, 1981; Strickland & Parsons, 1972). Water was sampled monthly, 
and weekly in the summer, at surface from six stations: five near the shore and one in 
the centre of the Port. 

Minimum (Min.), maximum (Max.) and average (Med.) values for the three stations 
along the shore, with a maximum depth of 2 m (A), and for the other three stations, with 
a maximum depth between 2 and 7 m (B) are presented in table 1. 

TABLE l. Results of water analysis 

A B 
Min. Max. Med. Min. Max. Med. 

Susp. Matter (mg/1) 5.20 29.70 12.60 5.20 31.51 9.80 
Temperature (°C) 12.50 28.30 21.80 12.30 27.30 21.25 
Oxygen (mg/1) 3.86 8.85 5.96 3.75 8.72 5.81 
Phosphates (11g at P/1) 0.10 3.04 0.45 0.14 2.91 0.43 
Nitrates (11g at N/1) 0.09 8.36 1.86 0.06 4.85 1.59 
Nitrites (11g at N/1) 0.03 1.74 0.29 0.03 0.60 0.22 
Silicates (11g at Si/1) 0.80 14.70 2.56 0.70 5.00 1.59 
Chlo. a (mgtm3) 0.03 3.81 0.79 0.00 1.54 0.28 

On one occasion, at the end of summer, sediments were sampled with a dredge 
sampler from 13 stations and analyzed for: Loss-on-ignition (LI), organic carbon (OC), 
total nitrogen (TN) and particle size: percentage of sand (Sa), silt (Si) and clay (CI), 
according to the standarized methods (M.A.P.A., 1986). 

Throughout the year, low dissolved oxygen content and very substancial nutrient 
and total suspended matter contents were the most significant features of the study 
area, and not very different from other western mediterranean areas (Rodriguez & Vives, 
1984; Establier et.al., 1987). 

Nutrient release into the water column from sediments is probably very 
important. Fine sediments with high organic matter levels are accumulated in the centre 
of the Port (Table 2: St. 1, 2, 3, 10, 11 ). Organic matter can have a autochthon origin or it 
may be allochthonous near the mouth of seasonal streams Table 2: St. 6, 13). 

TABLE 2. Results of sediment analysis 

%LI %OC %TN %CI %51 %Sa 
Station 1 15.8 6.0 0.2 18.0 21.0 50.2 

2 16.4 6.5 0.3 17.5 21.0 52.2 
3 16.6 4.9 0.3 15.0 22.0 57.0 
4 7.6 2.0 0.1 8.0 5.5 79.0 
5 5.4 1.7 0.1 5.0 2.0 91.2 
6 11.0 3.3 0.1 7.5 10.0 76.2 
7 5.6 1.4 0.2 2.7 5.3 86.2 
8 4.2 1.3 0.1 4.1 5.5 80.5 
9 6.8 2.0 0.1 4.5 6.5 70.2 

10 20.1 5.8 0.4 27.5 24.5 38.7 
12 7.5 2.0 0.2 6.5 9.5 74.0 
13 15.6 4.5 0.3 14.0 4.0 69.7 

The nutrient content in the water column together with high summer 
temperatures and a low level of marine dynamics creates ideal conditions for a 
phytoplankton bloom. In August the most confined area of the Port (Table 1: A) showed 
maximum chlorophyll a values. Thus the phytoplankton density, normally between 2 and 6. 
103 cells /ml, reached values between 43 and 47.103 cells/ml as a result of a massive 
development of nanoplankton and small dinoflagellates and diatoms. 

The phytoplankton bloom is an important component of the total suspended 
matter and also of water turbidity in the summer. There is also an inorganic compoment, 
source of which is the sand derived from an artificial beach in the bay. The continuous 
input of allogenous matter prevents a correct sedimentation and turbulence favours a 
resuspension of sediments which contribute to the turbidity of water. 

In the Port of PollenQa, an enclosed coastal area exploited for various touristic 
uses (artificial beach, leisure harbour, ... ), seawater undergoes an increasing process of 
eutrophication, which prevails in the summer months, and is reflected by a high level of 
turbidity. 

- ESTABLIER, R; J. BLASCO & L.M. LUBIAN. 1987.- Fitoplancton e hidrografla de Ia Bahia de 
Cadiz. Enero de 1984 a Diciembre de 1985. lnv. Pesq., 51: 501-515. 
- M.A.P.A. 1986.- Metodos oticiales de ana/isis .. Direcci6n General de Politica Alimentaria. 
Madrid. 530pp. 
- RODRIGUEZ, V & F. VIVES. 1984.- Variables hidrograficas y biol6gicas de un sistema 
pelagico portuario. lnv. Pesq.,48: 207-222. 
- STRICKLAND, J.D. & T.R. PARSONS. 1972.- A Practical Handbook of Seawater Analysis. 
Bull. Fish. Res Board Can. 167: 1-310 
- APHA-AWWA-WPCF.1981. Standard methods for the examination of water and 
wastewater. American Public Health Association Washington. 1134pp. 
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P-IV2 
Monitoring of the Blooms along the Bulgarian Black Sea Coast 

V.-J. PETROVA-KARADJOVA 

Institute of Fisheries, 9000 Varna (Bulgaria) 

Abstract : Blooms are seasonal phenomena . They are coastal( local and offshore 
(regional) in the western part of the Black Sea. They reflect adequately the eutro
phication and show cycling controlled by solar ·activity - a basis for bioprognosis. 

209 

Introduction. With progressive eutrophication and increasing sea pollution the blooms 
become very actual. The aim of the moni taring was to make ecological evaluations and 
prognosticate a protection of the sea from pollution by means of controlling the blooms. 
Material and methods. The blooms in the Black Sea were studied annually (1954-1990) 
according to a standard expedition scheme of profiles and stations up to 55-90 km off 
the coastal line. Every. season the monitoring included an area from 9-15 thousand 
square kilometers down to the sulphydric hydrogen layer. The volume of investigation 
amounted to more than 10 ODD half a litre quantitative samples; the Utermol method 
was used for cells counting (1D6/m3) by species level. 
Results and discussion. _The spatial structure of the phytoplankton along the Bulgarian 
coast has a seasonal nature. Several zones became prominent towards the shore : 
3 miles-broad coastal zone under intensive anthropogenic and recreative influence 
with chronic blooms; a 10 to 20 miles-broad one under the influence of the Danube and 
the cyclonic sea currents directed southwards, with regional blooms; a 30 to 40 miles
broad open sea one, with 1-2 degrees lesser in quality and with,.., uniform content. 
The vertical structure has seasonal nature as well : at spring and summer temperature 
stratification, the blooms are at the surface, (above the 25 m) and during winter 
homothermy, they are distributed to the bottom. The combined influences of factors 
such as temperature, salinity and content of nutriments on the spring blooms are 
strongly showed (R= D. 9); simple correlative function between salinity and spring 
blooms is negative (r= -76)as they begin at low salinity and rapid increasing of 
water temperature. 

By means of statistical and spectral analysis, the influence of the solar activity 
was proved upon the dynamics (1954-1987) of Black Sea plankton diatoms in Bulgarian 
open sea (PETRDVA-KARAOJOVA, APOSTOLOV, 1988). Dual maximum development in the three 
11-year cycles of sun-spots (19-21 cycle by the Zurich numeration) was found out : the 
first ITBXimJn occurs 1 or 2 ye<;~rs after the maximum of the sun-spots cycle and the 
second one coincides with its minimum. Diatom cycles showed a period of approximately 
5.5 years, which proved valid for other plankton species as well. The maxima and 
minima of the solar cycles were followed by or coincided with mass blooms of species 
belonging to different taxa, as follows : 

Nitzschia seriate Cl. The bloom was discovered in February-March 1959 (on an 
average of 2367 x 106; m3) from the Danube's mouth to the Bosphorus (PETROVA, SKOLKA, 
1964) two years after the maximum of the 19th sun cycle ( 1957). 

Cerataulina Bergonii Perag. A dominant diatom species in the 1964 spring bloom 
(on an average of 48 x 106/m3) which coincides with the minimum of the sun cycle 
(1964). 

Prymnesium parvum Carter. The blooms of this toxical species of Chrysophyta 
appeared in coincidence with those of the diatoms : in September 1959 (maximum 
150 x 109/ m3) with mass m?rtality for the fauna (PETRDVA, 1962)and in March 1964 
(on an average of 520 x 10 :m 3) in the Bourgas Lake, but as water temperature reached 
10.4°C, no fish mortality occured (PE.TRDVA, 1966; KDLARDV, 1965). 

Detonula confervacea (Cl.) Gran. In 1969 the winter bloom of this diatom species 
at 20 miles off Varna (on an average of 2973 x 106/m3) was registered a year after the 
maximum of the 20th sun cycle (1968). 

Sceletonema costatum (Grev.) Cl. the spring bloom at 30 miles off Varna (on an 
average of 6183 x 106/m3) perfectly coincided with the minimum of the 20th sun,,cycle 
in 1976. It was constant throughout the winter-spring months with very frequent local 
blooms in relation to human pollution along the shore. 
Until 1970 the Diatoms predominated in the Black Sea. The progressive organic 
pollution and the increase of seasonal water temperatures during the period 1971-
1980 changed the flora with a predominance of Dinoflagellates in the western half 
of the sea. The maximum of the 21st sun cycle was registered in 1979 and its minimum 
in 1986 and in the spring of these two years appeared regional; about one month long, 
blooms of the dinoflagellate Exuviaella cordata Ost. (PETRDVA-KARADJDVA, 1979; 
SUKHANDVA et al., 1988), lately identified as Prprocentrum minimum (Pav. )Schil. 
(MARASOVICH, 1986). The concentrations of this species varied, but we~e the highest 
in bays (e.g. in the Var'na Bay maximum 280 x 109 in 1979 and 220 x 10 /m3 in 1986). 

Phaeocystis pouchetii (Hariot) Lagerheim is ~ Haptophyceae we discovered for t~e 
first time along the Bulgarian Black Sea coast 1n August-September 1989 (only 1n the 
form of disintegrated jelly-like colonies) above the 25 m layer and up to 30 miles 
in the open sea between the Cape of Caliacra and the Cape of Emine at water temperature 
of 2D-24°C. The species is known to be present in the North Sea (ZENKEVICH, 1956). 
Now it has appeared in front of Denmark and Ireland with unpleasant smell and foam 
on the beaches; fish migrate from blooms areas. The small colonies of Phaeocystis 
get swallowed by Noctiluca, which follows its blooms (KAT, 1982; REPORT ICES, 
1989/:18). In the-Bulgarian areas the species appears as whitish stripes and spots 
on the surface of the sea. The observations are continuing. 

The monitoring proved the cycling of the regional blooms and the possibility for 
their prognosticati approximately every 5.5 years in dependence on the prognoses of 
the sun cycles with the annual, continual and gradual seasonal local blooms as a 
back ground. 
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P-IV3 
L'eutrophisation et Ia production phytoplanctonique des eaux de Ia 

Mer Noire devant Ia C6te Roumaine 

V.-H. SKOLKA at A.-S. BOLOGA 

lnstitut Roumain de Recherches marines, Constantza (Roumanie) 

Abstract : The consequences of the Black Sea waters eutrophisation on phytoplanktonic 
production in the Romanian waters are presented. 

Les campagnes effectuees sur toute la surface de la mer Noire ( SAMYCHEV, 1987), 
ainsi que les observations pluriannuelles devant la cote Roumaine (DOROGAN et al., 
1985; PECHEANU et al., 1977) · relevent le fait que pendant les deux dernieres decennies 
la biomasse du phytoplancton a ete multipliee par trois fois grace a l'eutrophisa
tion. La cause prin::ipale du ph9nomene est 1 'augmentation incessante des apports de 
nutriments transportes par les fleuves. La position geographique de ceux-ci explique 
les· differences regionales co--.cernant le degre d 'eutrophisation et la biomasse phyto
plancto"lique des parties Est et Nord-Ouest de la mer, jusqu 'au ni veau des embouchures 
du Danube. 

Le Danube, principal tributaire de la mer Noire, apporte environ 77% du volume 
total d'eaux douces, c'est-a-dire quelque 200 km3/an. Le littoral Roumain situe au 
sud de ses embouchures subi t la plus forte influence du processus d 'eutrophisation. 
Dans cette zone, pendant la periode 1960-1989, la concentration en nitrates a augmente 
de 13 fois et celle des phosphates de 10 fois. Les silicates ant diminue en revanche 
de 3 fois. 

La biomasse du phytoplancton a augmente en meme temps de 11 fois (BODEANU, 1984). 
La structure qualitative du phytoplancton s'est modifiee en faveur du developpement des 
Dinoflagelles et des Coccolithophorides au detriment des Diatomees, consequence de la 
diminution des quantites de silicates. Le taux des Dinoflagelles a augmente de 14~~ 
en 1979. a 36~~ en 19BO et a diminue a 12~~ en 19B9. Les Diatomees representaient B6~~ 

en 1979, 26% en 19BO et 12% en 19B9, et les Coccolithophorides sont passes de 0.4~~ 
en 1979 a 37~o en 19BO et a 76~6 en 19B9; les floraisons de l 'espece "Coccolithus 
_!!uxleyi" ant affecte les eaux de la haute mer tant en 19BO qu'en 1989.---.-

Si jusqu'en 1970 le developpement plus abondant du phytoplancton a affecte seule
ment les eaux cotieres peu profondes, il a gagne ensuite les eaux de la haute mer; 
la biomasse moyenne du ph}'toplancton de cette derniere zone, de 495 mg/m3 ( 1960-1966) 
(SKOLKA, 1967, 1969) jusqu'a 90 Km de distance du littoral, y a augmente jusqu'a 
1.065 mg en 1979, a 2.770 mg en 1980 eta 1.065 mg en 19B9. 

L 'augmentation de la production phytoplanctonique est illustree aussi par la con
centration en chlorophylle ~' comprise entre 0.15 - 5.6 mg/m3 jusqu'a 40 Km

1
entre 

0.06- 0.15 mg jusqu'a 90 Km (1963), entre 0.2 et 4.4 mgr dans les eaux peu profondes 
(1976-1977), entre 3 et 35 mg devant les embouchures du Danube, a 12 Km pendant une 
intense floraison de Skeletonema· costatum (19B2) et entre 0.04 et 4.2 mg/m3 aussi 
jusqu'a 90 Km (BOLDGA ~~' 19B1, 19B5). . 

Pendant les trois expeditions effectuees au-dessus de la plate-forme contlnentale 
Roumaine en 19B9, nous avmis observe, en fonction des particularit<ls physico-chimiques, 
des associations successi ves, caractBristiques de chaque masse d 'eau. 

En fevrier, dans les eaux cotieres dominaient Gymnodinium splendens, Gyrodinium 
fusiforme, G. lachryma; G. nasutum, Thalassiosira parva et Th. subsalina, dont les 
deux dernieres furent autrefois caracteristiques de la saison fro1de. Plus au large, 
on a observe un melange de Skeletonema costatum, Prorocentrum cordatum et 
Gymnodinium splendens, melange jamais releve en mer Noire depuis 1959, car P.:.cordatum 
produit de fortes floraisons pendant les mois les plus chauds. 

· En mai, dans les eaux mains salees dominerent Thalassiosira parva, §_ymnodinium 
~; G. sphaericum, Protoperidinium globulu,.,Glenodinium paululum, etc. La zone de 
la haute mer etait envahie par "Coccolithus huxleyi" et le melange cite plus haut de 
Dinoflagelles. 

En aoOt, on a trouve pres de la cote l 'association Goniaulax cochlea,Prorocen
~ cordatum, Cerataulina pelagica et Rhizosolenia calcar-avis et en haute mer la 
floraison de "Coccolithus huxleyi" en melange avec de rares Dwoflagelles. . 

Chaque mois,,,_dans les differentes masses d'eaux se developperent d'une sa1son a 
1' autre, des quantites phytoplanctoniques croissantes. Pour la couche de photosyn
these de 0-20 m, les moyennes generales de biomasse phytoplanctonique furent 559 mg/m3 
en fevrier, 4501 mg en mai et 8.049 en aoOt. 

Les resultats concernant la chlorophylle a dans la couche superficielle (0 m) 
furent de 0.2 a 2.16 mg/m3 et dans la couche de 5-50 m entre 0.04 et 4.15 mg/m3 
en mai, et entre 0.07 et 3.30 mg/m3 dans la couche de 0-50 m en aoOt. Les valeurs de 
la production primaire furent de 5.B a 73.4 mg C/m3 (0 m), entre 1.2 et 124.6 mg C/m3 
(5-50 m), soit entre 3.4 et 4B.4 mg C/m2 (0-50 m) en mai. En aoOt, ces valeurs furent 
de 3.2 a 99.1 mg/C/m3 (0 m), 1.3 a 82.0 mg C/m3 (5-50 m), soit 6.6 a 19.7 mg C/m2 
(0-50 m). 
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P-IV4 
L'effet de Ia pollution du Golfe d'lzmir sur certains Dinoflagelles 

N. OKTEM at D. ENGIN 

Departemenl de Biologie, Faculttl des Sciences, Universile d'Egee, Bornova·lzmir (Turquie) 

Cette recherche constitue la suite de, deux autres travaux realises en 19B5 par 
DKTEM et SESEN et en 19B7 par 0KTEM et ENGIN. 

Le genre Ceratium ,Schrank, avec son apparence caracteristique qui a toujours 
attire l 'attention 'des chercheurs, a ete reetudie par SOURNIA (19B4) du point de 
vue classification et nomenclature. Le travail de HALIM (1963) est important par les 
informations qu' il rassemble sur les Ceratiums de la Mediterranee orientale. 

L 'etude et les donn~es sur les planctontes du golfe d' Izmir (ERGEN, 1967) et sur 
les Ceratiums (tlber, 1972) sont limitees a la partie interne du golfe. Les especes 
du genre Ceratium ant ete etudiees qualitativement et quantitativement par KORAY 
et GOKPINAR (1983). Le golfe d'Izmir est soumis a des observations periodiques 
jusqu'au delta du Gediz .. 

Selon les chercheurs s' occupant de pollution, les dechets domestiques et indus
triels responsables de la pollution du golfe, influent considerablement sur 
l 'acti vite biologique de ses eaux. 

Les echantillons ant ete recoltes pres d'Urla et dans la partie interne du golfe 
au filet a plancton de 55 )-im de vide de maille; ils ant ete fixes par une solution de 
formal a 4~o. Les prelevements ant ete effectues entre les mois d'Avril et d'Octobre 
19B9, une fois par mois. On a ainsi effectue 1 'etude de 50 echantillons par mois 
recoltes en milieux pollue et non pollue. 

Le pH , la salinite, 1' oxygene dissous, les nitrates et les phosphates ant ete 
mesures par les methodes classiques (STRICKLAND et PARSONS, 1972). 

Les resultats fournis par les mesures d' exemplaires de Ceratium fusus et de 
Ceratium macroceros montrent que la longueur et la largeur des protistes provenant 
des zones polluees sont plus petites que celles des individus des zones non polluees. 

Les valeurs obtenues chez Ceratium fusus et Ceratium macroceros sont les suivantes : 

Ceratium fusus : Ceratium macroceros : 

Lonqueu~ totale Largeur )Jm Longueur totale Largeur pm 

Zone polluee 
Zone non polluee 

204 - 372 (289) 12- 37 (16) 186- 372 (279) 31 - 62 (46) 
254 -1426 (475) 12 - 37 (19) 248 - 651 (349) 37 - 99 (57) 

Les valeurs ainsi obtenues, projetees sur des histogrammes, montrent que les 
individus de la zone polluee n'atteignent pas les tailles limites de 378 et 1426 }Jm 
observees sur les Ceratium fusus provenant de la zone non polluee (Fig. 1). 

II., tltlllll~~~~ ~~~~~~ 0 J 1w . :: ;~ 0 • 0 ~ ••• o o 0 ••• 
~E~~ ~~~ i:;£~ ~;~ ~~E~~~:::::;;E ~ ~~ ;~ !;~~ ~!;!; !:;:~ §~ !; ~!;AI 

MESUJtE (,Pm) 

Figure 1 : La longueur cellulaire de Ceratium fusus en zone polluee et non polluee 
(en abscisses : nombre d' individus 0-28). 

Autrement dit la grande taille est dominante en zone propre. Cette observation est 
valable egalement pour Ceratium macroceros. Les valeurs de 3B4 et 561 )-im n'ont ete 
re~ 2vees que sur des individus des zones non polluees (Figure 2). 

MESURE (I'm) 

LONGUEUR TOTALE 
• Zon• PolluH 
a Zon" non Pollute 

F i,qure 2 : La longueur cellulaire de Ceratium macroceros en zone polluee et non 
polluee (en abscisses, nombre d' individus 0-2B). 

Par 1 'analyse de variance a un facteur, nous avons compare les longueurs et les 
largeurs des specimens provenant des deux regions. Avec une probabilite de 0.05, la. 
valeur critique de F est F 0.05 (n-2)= 4.04. Si F est inferieur a 4.04, cela s1gmfle 
qu' il n'y a pas de difference importante entre les variantes et inversement on remarque, 
dans les tableaux suivants qu' il existe une difference entre les longueurs et les 
largeurs des protistes. 

Analyse de variance a un facteur chez 
Ceratium fusus 

Analyse de variance a un facteur chez 
Ceratium macroceros 

"-Parametres 
~ Longueur Largeur Decision ~ Longueur Largeur Decision 

''... totale 
mois "-.,_ 

Mai 
Juin 
Septembre 
Dctobre 

3B.45 
19.99 
14.00 
75.55 

34.36 
17 .1B 
26.99 
4.98 

totale 
s 

Avril 143.72 4. 79 + 
Juin 155.5B 436.31 + 

ll en resulte qu'une diminution de la taille de Ceratium fusus et de ~eratium 
;macroceros se manifeste bien sous l' influence de la pollution. 
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P-IVs 
Consumption of nutrients from sewage effluents by the Green Alga 

Enteromorphs prolifers (Mull.) J. AG. 

A.-A. SAMAAN , E.-A. IBRAHIM and M.-G. GHOBRIAL 

National Institute of Oceanography & Fisheries, Alexandria (Egypt) 

Introduction : Enteromorpha prolifera was selected in the present 
investigation for its ability to withstand wide salinity variations. 
Exper~ments were cono.ucted to evaluate its quantitative role in the 
r<;>moval of inorganic nutrient salts (nitrogen and phosphorus) from 
~t~~~:~. sewage effluents and production of protein rich algal 

Materi"'-ls and Method:;; : The alga was cultured outdoors in glass jars. 
A ser~es of 15 l~ters culture media were prepared by mixing clear 
sewage effluents and seawater to obtain dilutions of 20,40 & 60% 
;:espect~vely: About 15 . gm of fresh fronds of Enteromorpha were 
~noculated ~n each med~um. The culture media with 20 & 40% sewage 
effluent were changed twice during three successive incubation 
periods of 13,12 & 7 days (in October-November, 1989), but with the 
same "'-l?al fro~ds. The 60% culture medium extended for 21 days with 
the or:;.g~nal med~um. ~on~a. nitrate, nitrite and phosphorus were 
determ~ne<;~ at the beg~nn~ng and by the end of the 3 periods. The 
~ncrease ~n fresh and dry weights and protein content of the seaweeds 
were measured. by the end of the each period as indices of growth. 
Results and D~scussion : The average water temperature of the culture 
med~a_ ':'as 26. 8°C and. the day length was 11. 5 hours. The water 
s':ll~n~t~es were respect~vely 30.2% .. , 23.4%o, and 16.6%.in cultures 
w~th 20,~0 and 60% sewage effluents. The initial and final 
c'?ncentrat~ons of tJ:e total inorganic nitrogen and phosphorus in the 
<;l~fferent cul~ure med~a dur~ng the successive incubation periods are 
~llustrated ~n table ( 1). . o~ a~l culture experiments performed, 
Enteromorpha showed better ut~l~zat~on of inorganic nutri-ents at 20% 
concentrat~on. The rate of algal growth in 20% culture medium reached 
1. 85 gm f;:eshwe~ght/day and that of 40% sustained growth rate of 
"'-bout 1:2 t~me:;; h~gher than that recorded for 20% during the first 
~ncubat~on. per~'?d, but decreased again to lower values comparable to 
that obta~ned :;.n the former dilution in the other 2 periods (table 2 ). 
The total n~trogen, built up through protein synthesis in 
Ent7romorpha 7xceed7d. the. total inorganic N present in the original 
m7d~a. Such h~gh ut~l~zat~on rate can be sufficed by excess inorganic 
n~trogen~ produced through bacterial breakdown of organic materials 
present ~n ~h7 ef~luents. Waite and Mitchell (1972a), found that the 
carbon as:;;~m~la:.~on by Ulva lactuca was inhibited by ammonia at 
concentrat~ons h~gh7r tJ:an 60 uM. In the current study, t-he growth of 
;~~=~~~~~e~~ was munta~ned well with ammonia as high as 6. 9 mg 

The ~r'?~ 'in content in algal fonds increased by about 82% and 66% 
o~ the or~g~nal values by the end of the 32 days in culture media 
w~th 20 and 40% sewage effluent respectively. 

Results indicate that tertiary treatment of domestic wastes by 
photo:;;ynthetic algal growth appears to be successfully <;chieved at 
dilut~ons of about 20% sewage effluent. Concentrations higher ·than 4 !J% 
appear to reduce algal growth as well as protein synthesis. 

·r11p.le ( 1) : Initi<~l & fina.l concentrations of inorganic nitrogen 
& phosphorus in different culture media of 15 liters 
exposed in situ with 15 gn fresh wt. algal fronds•. 

mg/15 liters 
%Sewage Duration Cone. 
effluent <davsl NH4-N N02-N N03-N Total Total 

inorg.N' inorg. f 

lnibal 40.50 0.24 5.10 45.84 31.40 
13 Final 0.01 0.00 0.00 0.01 3.60 

Initial 69.00 2.04 2.80 73.84 39.60 
20% 12 Final 1.65 0.00 o.oo 1.65 6.60 

Initial 61.95 0.17 l. 70 63.82 30.10 
Final 12.30 0 .oo 0. 00 12.30 11.30 

Initial 93.00 0.18 0.80 93.98 60.20 
13 Final 2.40 0. 00 0.00 2.40 5.90 

Ini"tial 108.00 1.53 2.10 111.63 60.90 
40~ 12 Final 43.50 0 .oo 0. 00 43.50 11.10 

Initial 123.80 0.13 1.20 125.13 58.10 
Final 41.55 0.00 0.00 41.55 24.90 

Initial 117.20 0.12 1.40 118.72 91.10 
60% 21 Final 39.90 o,uo o.oo 39.90 23.70 

Table ( 2) Daily yield of 15 gn fresh algae (fresh and dry 
weights} growr. ir. 15 liters cultu.re media with 
20,40 & 60% sewage effluents. ·rhe percentage of 
protein cor.ter.t in algal dry weights with ir.itia1 
cor.centratior. of 22.6% after the differer.t 
exposure periods is a.Lso illustrated. 

% Sewage 1 Dura t ior. Fresh Wt Dry Wt % Proteir. 
~r. aays mg mg 

20% l3 1850 140 28.0 
12 580 30 33.8 

7 1430 !30 41.3 

13 2310 160 28.0 
40% 12 580 30 35.6 

7 1140 50 37.6 

60% 21 860 50 24.4 
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P-IV6 
Temperature - Initiation factor of Red Tide Bloom in the Kastela Bay 

(Adriatic Sea, Yugoslavia) 

Ivana MARASOVIC 

Institute of Oceanography and Fisheries, 58000 Split, P.O. Box 114 (Yugoslavia) 

Year-to-year recurrence of red tides by the Gonyaulax polyedra in the same 

(eastern part of the Kastela Bay) led us to suspect that cysts or "seed popu

lation" were involved. The fact that sea water samples from this area very often 

contain resting cysts of G. polyedra supports this hypothesis to a certain extent, 

Vegetative cells are typically present from April to November but not observed during 

the winter season when a massive diatom bloom often occurs. During April, and 

thereafter, dinoflagellates become more and more important within the phytoplankton 

community. During July, a mono specific bloom of G. polyedra extending through August 

and September vary in intensity over short time scales. In order to study mechanism 

initiating and supporting red tide occurrences in the Kastela Bay a monitoring was 

undertaken during the summer 1988 and 1989. All standard oceanogrphic parameters 

(T, Sxl0-3 , o
2

, pH, transparency, nutrients, density of phytoplankton cells) were 

sampled on a weekly basis. 

The analysis of temperature data pointed to the fact that red tide bloom in 

the KaStela Bay is always associated with the increased sea water temperature exce

ed-ing 20°C. When surface temperature attains 20°C the bloom begins to develop 

reaching its peak intensity not earlier than when bottom layers attain the same 

temperature. The bloom persists until the surface temperature drops below 20°C 

(Table 1). 

Table 1. Sea water temperature, existence of G.polyedra red tide and number of 
G. polyedra cells in the eastern part of the Kastela Bay 

Period T(°C) Existences of R. T. N
0 

of G. polzedra 
+or - cells 

July, 1983. 23,3 + 1,0 X 10 
June, 1984. 21,2 + 1,2 X 106 
July, 1984. 23,2 + 1,0 X 107 
August, 1984. 22,1 + 1,1 X 107 
Mey, 1985. 19,2 9,2 X 104 

June, 19S"6. 20,7 + 1,3 X 106 
April, 1988. 15,9 0 
June, 1988. 24,1 + 3,5 X 106 
July, 19S:8. 26,0 + 3,8 X 106 
August, 1988. 26,9 + 4,0 X 106 
September, 1988. 23,7 + 3,2 X 107 
June, 1989. 19,7 6,0 X 104 
July, 1989. 23.9 4,3 X 107 

Even though the bloom of G.polzedra takes place in the surface layer, tempe

rature of the bottom layer is also of importance for its development, that is the 

temperature which makes possible the excystment ofG.polyedra. As sho: by our results, 

temperature at which the excystment of G.polzedra starts at about 20 C. Upon 

excystment, vegetative cells of G. polyedra swim actively to the sea surface concen

trating in large quantities. Red tide bloom terminates with the cooling of surface 

layer (temperature drops below 20°C). This is due to the feet that the bloom is 

limited to the surface layer since G.polzedra is markedly photophylous requiring high 

light intensity (ANDERSON ,!;.E !!·, 1987). 

Red tide spreading all over the bay (during September, 1988 and July, 1989) 

lllB.Y also be related to the heating of deeper layers. Data on temperatures in summer 

1988 and 1989 point to the fact that spreading of red tide all over the bay came as 

a consequence of thermocline descending between 10 and 20 m depth (Table 2). At that 

time the bottom layer of a large part of the bay attained 20°C temperature causing 

thus the excystment of a large number of G.polzedra cells. 

Table 2. Sea w~ter temperature (°C) in the deepest part of the Kastela Bay during 
the period of investigation (1988 and 1989) 

Depth(m) VI VII VIII IX 

0 20,00 22,68 24,20 26,20 23,21 
5 18,02 19,02 24,20 21,38 22,98 

10 1988 15,32 18,40 17,32 19,04 22,00 
20 14,70 17,12 15,30 15,54 16,49 

--~~-------------:~:.~~------:~.:~~------:~.::~-------:~.:~~-------:~.:~~----------------
0 14,69 19,60 24,64 22,23 16,80 

5 14,70 18,80 24,56 22,18 19,85 16,80 

10 1989 14,65 18,24 21,10 21,87 19,60 16,83 

20 14,50 16,60 17,38 18,66 18,90 17,41 

35 14,28 15,62 14,94 14,60 17,19 16,60 

Our analyses indicate that the temperature determines initiation and 

termination of G. polyedra blooms in the Kastela Bay. The limiting temperature is 

found to be around 20°C. 
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P-IV7 
Waste influence on Zooplankton Distribution in Valencia 

Coastal Waters (Spain) 
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-z 

The .study zone corresponds to the mouth 
of a waste disposal channel f'rom urban origin, 
mainly from the city of' Valencia (Fig. 1). 
Twelve sets of samples were collected between 
May 1989 and January 1990 at six stations 
of dif'ferent deep: 9(5m), 5(10m), 6 and 11(20m) 
and 8(40mL Salinity, dissolved inorganic 
nitrogen (nitrite, nitrate plus ammonium), 
dissolved phosphorous, total phosphorous , 
dissolved silica and chlorophyll a have been 
analized in each sample. The zooplankton 
studied, corresponds to vertical samples 
of water column, taken with a net lm long 
and 53pm mesh. 

H.I.D. (2} Si 0
4 

(2) 

i 
Cla (3) 

In table 1 the physicochemical data appear 
in the form of mean values and standard deviation 
in each one of the stations considered. St. 
5 is the one showing the highest influence 
of waste disposal as it presents a lesser 
degree of salinity and a greater standard 
deviation. The contents of nutrients an sil:ica 
are in general greater I showing a higher produc
tivity in terms or chlorophyll a. We must 
underscore the increase in phosphorous due 
to the influence of continental waters used 
for agriculture purposes. Seasonal variability 
of these parameters as well as those referring 
to zooplankton composition differs according 
to the zones due to continental outflow i rregula
ri ties and littoral dynamic factors. 

Fig.2 -{)istribution of' mor.e a
bundant taxa in samples. 
T-Tintinnids, R-Rotifers, 
PQ-Polychaetes, C-Copepods ._ 

::lLl ~ttl 
C>Br.,.'----------------. 

u g e a a 
""'"ona •a •A CJFM -PT IIIDH •o liD~ CJo. •• •o 

Fig. 3.- Percent abundance of different taxa. Positive gradient in open waters. 3A.
Cl-Cladocerans, R-Radiolar:fans,FM-Foraminipherans, PT-Pteropods, ~med.lsae. 
3B.- H-Heliozoans, Q-Chaetognaths, N-Nemerteans, 0-0phiuroids, SHiiphcn~ 
G-Gasteropods, SP-Salps, D-Doliolids. 

.,.,.;:.~'--~------------, 

. 
Stations 

The zooplankton community 
is described by porcentual values 
or the commonest taxa. The most 
abundant taxa were copepods and 
tintinnids. The distribution of' 
the zooplankton groupings presents 
a gradient that goes f'rom 5 and 
9 in the most eutrophic areas 
to 8 and 11 in the those of a 
lesser continental influence. 
Fourteen among the 24 taxa that 
were found reached their maximum 
values in· these areas of less 
eutrophy (Fig. 2 and 3) • 

Fig.4.~- Percent abundance of different taxa. On the contrary 7 taxa pre 
Negative gradient in open waters. sent an opposite gradient showing mini 
Fn-Phoronids, N-Nematods 1 Cp-Cirriped mum values and even disappearance ill 
larvae, A-Ascidian larvae. these areas (Fig. 2 and 4). Only 

in the case of the Appendicularians 
and bivalve and holoturian larval 
forms are particuiar preferences 

not found. The taxa belonging to more open w3ters correspond to heliozoans, siphono
phors 1 salps, dol iol ids and chaetognaths. Nematods, phoronid and asci dian larvae 
might mean that their specific composition is better sui ted to the eutrophic 
conditions of the zone. 
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P-IVs 
Planktonic Protista associated with "color-tides" in lzmir Bay 

(Aegean Sea) 

Tufan KORAY 

Ege Universitesi, Biyoloji BolumO, Hidrobiyoloji Ana Bilim Dali, Bornova, lzmir (Turkey) 

One of the most important factors affecting the seawater color 
is the quantity of organisms living·within the body. Generally, during 
red tides 106 - 10 8 cells /1· densities of protists give their 
pigment c~lors to the seawater. However, this range may decrease to 
10·5 - 105 cells /1 when the cell sizes increase (JACQUES and SOURNIA, 
1979; STEIDINGER and HADDAD, 1981; STEIDINGER, 1983). 

In coastal seas and in the bays, the red-tides have been known 
as most important events changing the· seawater color and sometim7s 
causing PSP (paralytic shellfish poisoning) and NSP (neuro-tox~c 
shellfish poisoning). Yet, though some species of diatoms, 
dinoflagellates and ciliates are not poisonous, they may excessively 
grow in convenient circumstances and may create green-, yellow-, etc. 
tides. This event may cause biological pollution especially in the 
bays where the nutrient budgets have been supported continuously . 
with agricultural and domestic inputs. Furthermore, these prot~sts 
whose high cell densities cause decrease of the depth of euphotic zone 
have negative effect·s on the biota indirectly by stimulating toxic 
extracellular nitrite production by phytoplankton living under low 
light intensities in the presence of adequate nitrate. 

· In the present study, the planktonic protists caused different 
type color-tides (toxic and non-toxic) of Izmir Bay were determined 
and their effects on the biota were summarized. The material has been 
collected with the project support of FAO-MAP (MED POL) TUR/24-H. 

As could be seen from Table I, 4 species of diatoms ( 2 centric, 
2 pennate), 11 species of dinoflagellates, 1 species of euglenoid 
flagellate and 1 species of photosynthetic symbiotic ciliate are 
responsible for color-tides and their excessive growth in the 
eutrophicated waters of Izmir Bay cause changes of seawater color. 

Undoubtedly, A. minitum, G. polyedra and G. spinifera are the 
most important species among others because they have caused PSP 
sometimes. Although there exist some reports about the toxicity of 
P. micans and P. triestinum blooms; there are not clear evidences 
on the subject from Izmir Bay. 

During the blooms of non-toxic color-tides the super increases of 
dissolved 0 2 and C02 in seawater (produced by phytoplankton as a 
result of photosynthesis during the day and night) may cause gas 
bubbles and hypoxia illnesses respectively in many crustaceans and 
fishes. Especially hypoxia is the main reason of the mass emergences 
of the crab Carcinus mediterraneus Gerniausky, 1884 onto land on the 
nights during the blooms. 

Table I:The planktonic protists responsible for color-tides in Izmir 
Bay. 

1::::~::~~~~~~~~~~~~~~~~~~~~~~~~]:~~~~~::~~n~~:~~;~~J~:~~~~~~:[:::] 
~~=~~~nii Gough 1, 2, 6, 7,10 Greenish 2 ·103 

-orange 
105 Nitzschia closterium (Ehrenberg) 1,2. 3 Pale oliv 

w.smith -green 
107 Phaeodactylum tricornutum Bohlin 6, 7 Pale brow 

Thalassiosira rotula Meunier 10,11,12 Greenish 2·104 
-brown 

PYRROPBYCEAE 
107 Alexandrium minitum Halim 3. 4. 5,6 Reddish PSP 

-brown 
4 •104 Ceratium furca(Ehrenberg)Clapa- 3,4 Brownish 

rllde et Lachmann -orange 
5 ·104 Gonyaulax polyedra Stein 5,6 Reddish PSP 

-brown 
2·104 Gonyaulax spinifera ( Claparede 5,6 Reddish PSP 

et Lachmann)Diesing -brown 
2·104 Noctiluca scintillans (Macartney) 1,2, 3 Pink NH3 

Ehrenberg -patches 
2·104 O~toxum scolopax Stein 5,6, 7 Pale 

-orange 
9·107 Prorocentrum micans Ehrenberg 1, 2, 5,6 Yellowish 

-orange 
6 ·104 Prorocentrum triestinum Schiller 6, 7,8 Pale 

-orange 
2·104 Protoperidinium long:ipes Balech 4. 5. 8. 9 Pale 

-orange 
7•104 Proto~ridinium steini (Jorgensen 5,6, 7,8 Pale 

Balech -brown 
6·106 Protoperidinium trochoideum 5,6 Brownish 

(Stein) Balech -orange 
EUGLENOPBYCEAE 

7·105 Eutreptia sp. 7 ,8,9 Light 
-green 

CILIATA 
9·10 4 Mesodinium rubrum(Lohmann) l, 2,3 ,9 Reddish 

Hamburger and Buddenbrock -orange 
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P-IV9 
Dynamique saisonnh!re pluriannuelle (1986-1989) du Zooplancton 

dans une aire fortement eutrophisee - les eaux coth~res de 
Constantza (Mer Noire) 

Adriana PETRAN et Maria RUSU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

La zone peu profonde proche de Constantza est soumise a une intense 1nfluence 
anthropique liee au voisinage urbain, portuaire et industriel et represente maintenant 
une aire fortement eutrophisee. Cette zone a· fait l 'objet de nos observations men
suelles pendant la periode 1975-1979, des le debut des phenomenes d'eutrophisation des 
eaux du littoral Roumain•de lamer Noire (1,2). En 1986, nous avons repris ces recher
ches sur la meme radiale, avec six stations r8parties sur une distance de 1 a 30 
miles de la c6te, analysant plus de 600 prelevements zooplanctoniques jusqu' a la 
fin de 1' annee 1989. 

La per iode etudiee ( 1986-1989) est caracterisee par un renforcement de 1' eutro
phisation, avec de grandes quantites de nutriments dans la zone (les quantites de 
nitrates ont ete 5 fois et celles des phosphates 25 fois plus grandes que celles de 
la periode 1960-1970), et une croissance continue des quantites de phytoplancton 
(en 1986, les biomasses phytoplanctoniques ant ete cinq fois plus grandes que celles 
observees entre 1960-1970), consequence d' amples et frequents phenomenes de 
floraisons de plus en plus intenses. 

Le zooplancton des eaux c6tieres de Constantza a revele pendant ces quatre annees 
une forte tendance a l 'accroissement des quantites globales, les valeurs moyennes 
de la densite et de la biomasse augmentant de 1986 jusqu'a 1989, a cause du develop
pement exceptionnellement grand de 1 'espece Noctiluca scintillans, qui s'est produit 
chaque annee apres les periodes de "floraison". Le declenchement de ces poussees 
(meme au printemps, quoique mains spectaculaires qu'en ete) a determine pendant 
toutes ces annees les abondances saisonnieres du zooplancton total (Fig. 1). Les 
populations les plus nombreuses de cette espece particulierement detritiphage, ant 
ete trouvees dans les couches de surface, jusqu'a environ 15 miles de la cote, aux 
mois de juillet-aoOt, coincidant avec les pies de la biomasse du zooplancton total 
(en 1987, au mois d'aoQt, le stock de Noctiluca atteignait les valeurs les plus 
elevees observees jusqu'a present de 2048.103 ind./m3 et 163.8 g/m3). 

Pendant la periode 1987-1989, en relation avec de grandes poussees phytoplancto
niques, on a enregistr8 des biom~sses generales zooplanctoniques accrues : ainsi-
la valeur moyenne pour 1989 fut quatre fois plus grande que celle de 1986 (Fig.1 ). 

L' analyse de 1' evolution des principaux groupes du zooplancton consommes par les 
poissons (plancton trophique) a mis en evidence une tendance differente, c'est-a
dire une diminution importante de leurs quantites qui se traduisit en 1988 et 1989 
par la situation precaire des communautes zooplanctoniques clltiE•res avec de petites 
valeurs de biomasse (la moyenne annuelle de 1988, -10.14 mg/m3, a ete plus de quatre 
fois inferieure a celle de 1986). 

Le petit nombre de copepodes, de cladoceres (en 1979 les cladoceres representent 
22~; de la biomasse generale et en 1989, seulement 1 ,8%) et de meroplanctontes 
a· conduit' surtout pendant 1' ete, a des valeurs moyennes de densite et biomasse 
trophique inferieures a celles enregistrees dans cette zone pendant la periode ante
rieure (2). 

Parmi les especes qui ant vu se reduire considerablement leurs populations par 
rapport a la decennie anterieure se trouvent le copepode Centropages ponticus, les 
cladoceres Evadne terqestina, E. spini fer a et Penilia avirostr is, cette derniere 
ayant connu jusqu' aux annees 1975-1976 uh developpement exceptionnel dans les eaux 
du littoral Roumain (1). 

La dynamique des organismes meroplanctoniques a montre pendant ces memes annees 
une diminution importante de leur apport ponderal a la biomasse trophique (entre 
0.2 et 18/7~;), a la ·suite de la mortalite affect ant une grande partie des populations 
benthiques, consequence des "floraisons". 
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Figure 1 - Variations saisonnieres et annuelles des biomasses zooplanctoniques en 
mg/m3 ( valeurs moyennes pour la couche de 0 a 50 m)dans le secteur de Constantza. 

Pendant la peri ode consideree ,nous a vans observe des densites plus· elevees par 
rapport aux annees anterieures, des groupes microzooplanctoniques - tintinnides et 
roti feres - organismes nanophages qui pullulent au printemps et en ete dans les 
eaux c6tieres ( aux deux stations au voisinage de la cote, ils ant represente jusqu' 
a 65~; de la densite, mais seulement 16~; de la biomasse zooplanctonique). 

En ce qui concerne les copepodes, ils sont restes, surtout penda.nt l' ete, le 
groupe dominant dans la biomasse trophique, avec Acartia clausi (3) l 'espece la plus 
caracteristique des milieux eutrophises. Precisons cependant que les b1omasses cons
tituees par Jes copepodes ant diminue ces dernieres annees ainsi que pendant l 'ete 
1989 au les moyennes des biomasses furent six fois plcs basses que pendant l' ete 
1986 (Fig. 1). 

En resume, nos recherches ant mis en evidence 1' influence saisonni8re sur la 
structure des populations, avec en ete une periode de dominance d'une au deux especes 
caracteristiques des milieux fortement eutrophises (~octiluca, Ploopis polyphaemoides, 
Acartia clausi) qui ant determine, pour cette saison, les pies des biomasses (Fig.1). 

La forte eutrophisation de la zone etudiee s' est tradui te par un appauvrissement 
qualitatif et quantitatif des communautes zooplanctoniques, les annees 1988 et 1989 
se signalant par les valeurs les plus basses de biomasse et aussi par les captures 
mains abondantes de poissons planctonophages sur le littoral Roumain de la mer None. 
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P-IVIO 
Discrimination du Plancton influence par Ia pollution au moyen des 

analyses multivariees 

I. SIOKOU·FRANGOU, K. PAGOU et V. GIALAMAS 

Centre National des Recherches Marines, 16604 AthGnes (Grace) 

. Dans le cadre pro9ramme MEDPOL, des echantillons de plancton ont ete 
prele:res a fin de surveiller 1 'impapt de la pollution sur 1 • ecosysteme 
pelagl.que du golfe Saron1kos. L' echantillonnage a ete effectue en 11 
s~ations dl.spersees dans ~e golfe Saronikos et la baie d • Elefsis en 
fevr1er et mai 1987. Les echantillons de phytoplancton ont ete pris en 
surface et ceux. du zooplancton du fond de la mer <l la surface (filet WP-2). 
La. cla~sificat~on hl.erarchl.que et le quadrage mul tidimensionnel ont ete 
utl.ll.ses (Clarke & Green, 1988). 

La densi te. du phytoplancton a varie fortement en fevrier, presentant 
des valeurs tres hautes dans la baie d' Elefsis ( 14 77123 c; 1) et des 
yaleurs plus basses aux autres stations (min"' 3300 cjl). ce fait est lie 
~ 1' eutrophisation de la ~aie, d17e aux _charges .o;olluantes domestiques et 
~ndustr1elles. et au caracter,e sem~-ferme de la region. En mai, la densite 
phytoplancton~que a augmente en general, variant entre 15300 c/1 (st. 5) 
et 820000 cjl (st. 1). Au contraire le zooplancton n• a pas presente de 
!luctuations import.antes d ·~ne station a 1' autre (600 a 2100indjm1). Les 
valeur~ basses de densit; dans la baie d'Elefsis, semblent 3tre 
ex;eptionn!'lles ;;o17r l' annee 1987, puisque de tres hautes valeurs y ont 
ete observees anter1eurement (Morai tou-Apostolopoulou et Ignatiades 1980). 
Cette diminution peut ~tre liee A la presence precoce des meduses ·~ 
.aJ.U:i..t,a, predateurs du plancton. 

En ce qui concerne la 
composition specifique, les 
figures obtenues de la 
classification hierarchique 
et du quadrage 
mul tidimensionnel (fig. 2 et 
3) rev~lent une distinction 
tant d 'apr~s la saison que 
selon la pollution: le 
quadrage positionne la 
station 1 en mai et en 
fevrier d 'un cote et les 

Fig.l. ~f~~;~n5en °!!~~;~~ph~is,F:~ 
F3) de l'autre. Au niveau 
50\ de similari te, trois 
groupes sent a 

distinguer: a) le groupe g1 des echantillons pris en fevrier aux stations 
1, 2, 8, 9 et caractE!risefs par les es~ces Gyrpdj nium glancum, Cryptomonas 
.all·, Chaetoqeros affine, Thalassiosira rotula et Gymnodinium breye. b) Le 
groupe g, des echantillons pris en fevrier aux stations 3 et 6, 
caracterises par les especes Rhizosol enia stol terfothi i, Gyrodinium 

~~n ~i}i~~~1 ;r~;r;~t~~i T~at~~~~~o1:~a s~~\}~';}~1 ~~~15 ~e~)le1~irlo:p:a£J 
d'Elefsis. Les stations du golfe sent caracterisees par une composition 
9quilibr9e des especes Exuyiaella baltica, Pgridinium trochqideum, 
Cryptomonas sp , Nitzschia cl osterinm. Au contraire, la station de la baie 
se dis_tingue par la forte dominance de Peridlnjum trochoideum (75.9\) et 
la. presence de Ochromona.s sp , Eutreptia sp , Exuyiaella marina .. Ces 
resul tats suggerent une influence de la pollution plus sur la densi te que 
sur la composition specifique du phytoplancton. Toutefois, dans la baie 
d 'Elefsis, des blooms phytoplanctoniques ont ete observes, rnais en periodes 
de calme les communautes presentent une diversite assez haute. Ce fait 
avai t ete dejA remarque dans la region par Morai tou-Apostolopoulou & 
Ignatiades (1980). 
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Fig.3. 

Les groupements sont differents pour le zooplancton (fig. 4). Les 
echantillons provenant de la baie d' Elefsis se distinguent de taus les 
autres au niveau 47% de similarite, tant en fevrier qu'en mai. La 
distinction est tres nette par le quadrage (fig. 5), comme les echantillons 
de la baie sent eloignes des autres, d'ailleurs superposes a cause d'une 
forte similarite. Les stations de la baie, sent caracterise'es par 
l'abondance d' Acartia clausi, Podon polyphemoidgs, Oithona nana, tandis 
que d' autres esp<ke·s y sent rares. Des situations semblables ont ete 
observees dans le golfe de Fos (Benon et al.l978) et dans la baie de 
Kastela (Regner, 1987). Au contraire, les autres stations sent 
caracterise'es par 1 'abondance en fevrier de Ctenocalanus yanus, Qi..tb..Q.n.a. 
helgolandica, Fritillaria sp., Paracalanus paryus et en rnai par Centropages 
~~ ~~ Oi thona plumifera, Eyadne nordmanni. Il faut signaler 
que ces cornmunautes ont ete trouvees meme a la station 2 qui se trouve pres 
de 1 'egout central, mais il semble que la circulation des eaux dans le 
golfe dilue les effluents et diminue 1 'effet de la pollution sur le 
plancton. 
BENON, P., B. BOURGADE, R.KANTIN( 1977) These Doct. 3• cycle, Aix-Marseille. 
CLARKE,K.R.& R.H.GREEN (1988) Mar Ecol Progr Ser .i£:213-226. 
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P-IVII 

The recent study of the Copepod community from the Eastern Adriatic 
Coast caused by eutrophication 

Dubravka REGNER 

Institute of Oceanography and Fisheries P.O. Box 114, 58000 Split (Yugoslavia) 

This paper presents some recent results about progressive changes of the copepod 

community from the eastern Adriatic coast caused by eutrophication. Previous long-term 

results in front of the most important harbours of the eastern Adriatic, showed some 

changes of cope pod composition and biomass (REGNER,D., 1987). As summer was found the 

most threatened season throughout the year, investigations were continued with the 

special attention to this season. 

The material for this study was taken by vertical hauls of the Hensen plankton net 

(73/100, silk N°3), from bottom to surface at the permanent stations in front of Zadar, 

Sibenik, Split, Kardeljevo and Dubrovnik (Gruz), and from two stations in the Bay of 

Kastela, situated in the middle part of the bay, and at the eastern - the most thre

atened area under the influence of the industrial wastes (Fig. 1). 

Fig. l. The study area 

In 1985-1988 period, about 40 species of copepods including two genera were found 

at the investigated stations in summer season. Neritic species that usually occur in 

higher density, dominated again at whole investigated area. Between all of them, 

~~was markedly dominant, even with higher percentage than in the previ

ous results (Fig. 2). 

Furthermore, the long-term data on copepod biomass (expressed with number of 

copepods per m
3
), showed the trend of the increasing, too. This phenomenon we can con

nect with the permanent increasing of phytoplankton density in the eastern Adriatic 

coast (PUCHER-PETKOVIC, 1989) in the same period. 

Studies on some hydrographic and chemical parameters in 1984-1988 period have 

shown some oscillations, too. According Morovic (in DUJMOV ~ !!.!:· ,1988)sea-water 

~Willml :l ''"' 
1910 IS YEAII 10~ 

~ii~ibenik ,10 IS YEAR 

_ Fig. 2. The llllltiaal 
percentage of 
A.clauai July, 

10 · 1977 - July, 1988 

1tl0 IS YEAR 

v. 

:~·~ 
10 

1t1D IS YEAR 

v. 

':~ 
10 

1'10 IS YEAR 
transparency decreases, with some exception at the ·station Zadar. The salinity slightly 

increases in front of Zadar and l!ibenik, while nitrate and phosphate levels slightly 

increase at all investigated stations (Stojanoski, Vultsdin and Zvonaric in DUJMOV 

!.£ ~ 1988). 

Besides, more interesting results were found at the Kastela Bay during Red tj.de 

event. The percentage of ~ ~ increased in summer from ten percents in the 

eastern part of the bay, to almost twice in the middle of the bay in three - years 

period (Tab. 1). 

Tab. l. The percentage of ~ clausi at the Kaiitela Bay 

Station 3 

July 1982-1985 

July 1988 

60 % 

70 % 

Station 5 

35 % 

65 % 

The biomass expressed by density showed the trend of the increasing from 1970. to 

1988, too (Tab. 2), even in the middle part of the bay, where the influence of the coast 

was not so strong as in the coastal part (before Red tide phenomena became rather 

frequent). 

Tab. 2. The biomass of copepods (number/m3 ) at the station 5 
July 1970-74 188 

July 1982-83 

July 1988 
350 

484 

So, the markedly increased percentage of Acartia clausi,as the increasing of cope

pod density, we can clearly connect with the progressive eutrophication of the eastern 

Adriatic coastal waters, and the increasing phytoplankton density especially in summer. 
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P-IV12 
Accumulation of Mercury in a marine food web of the Mediterranean 

V. MINGANTI , R. CAPELLI and R. DE PELLEGRINI 

lstituto di Analisi e Tecnologie Farmaceutiche ed Alimentari, Universita di Genova, Via Brigata Salerqo, 16147 
Genova (ltalia) 

High levels. of mercury in some marine organisms from the 
Mediterranean ha.ve been explained by accumulation processes in the 
food chain (Buffoni at al., 1982). 

Aim of this research is to investigate the mechanism of 
bioamplification of mercury in a marine food chain. This is a crucial 
step towards understanding the biogeochemical cycle of mercury in the 
marine ecosystem. 

The characterization of a food chain in the Mediterranean is a 
difficult task due to the great number of species and to the lack of 
specialization in predation. The food web of the Red Shrimp has been 
studied in detail (Relini Orsi and Wurtz, 1977) and several species 
of this food chain (Meganyctbipbanes norvegica, Gennadas elegans, 
Pasipbaea sivado, Pasipbaea multidentata, Aristeus antennatus) have 
been chosen as representing increasing trophic levels even if a 
strict distinction is not possible. 

The presence in the environment of different chemical forms of 
mercury with different chemical behavior makes necessary to examine 
the distribution of the different chemical species separately. All 
samples have been thus analyzed for the total mercury content and for 
organic mercury content. Inorganic mercury is obtained as difference 
between total mercury and organic mercury. 

Sampling and classification of specimens have been realized with 
the help of Prof. L. Relini Orsi and Prof. G. Relini of the 
Department of Zoology (university of Genova). All samples have been 
stored deep-frozen until the analysis was performed. 

Samples have been freeze-dried before analysis to calculate the 
fresh weight/dry weight ratio without any loss of sample and to help 
its homogeneisation. 

Organic mercury determination was carried out on an aliquot of 
the dried samples by graphite furnace atomic absorption spectrometry 
(GFAAS) after extraction in toluene and back-extraction in 0. OlM 
sodium thiosulfate solution. The sensitivity of the method was 0.007 
pgfg dry weight. 

Total mercury was determined on the residual sample, after 
mineralization by nitric acid, by cold vapor atomic absorption 
spectrometry with gold amalgamation preconcentration (Au-CVAAS). The 
sensitivity of the method was 0.003 pgfg dry weight. 

Accuracy of the whole procedure was tested as follows: (a) no 
loss of mercury occurs during freeze-drying process (personal 
communication), (b) organic mercury determination has been compared 
to other laboratories, and (c) total mercury determination has been 
checked with standard reference materials. 

Results obtained are summarized in Figure 1, where the 
distributions of the logarithms of the concentrations found for 
inorganic and organic mercury are compared. Even if the distributions 
in the various species are overlapping, a noticeable increase in 
mercury (both inorganic and organic) can be detected. Along the 
trophic chain the accumulation of organic mercury is more marked than 
those of inorganic mercury. 

The trophic chain proposed is a rough simplification of the 
natural processes, however the accumulation of mercury can be clearly 
seen. 
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Figure 1. Box and whiskers plots of the concentrations of inorganic 
and organic mercury (as p.g/g dry weight) of the selected species. On 
the vertical axis is reported the common logarithm of the 
concentrations. [A] Meganyctbipbanes norvegica, [B] Gennadas elegans, 
[C] Pasipbaea sivado, [D] Pasipbaea multidentata, [E] Aristeus 
antennatus. 
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P-Vl P-V2 
Phytoplankton and Zooplankton relationships in several coastal areas 

of Palma Bay (Baleares Islands) 1988-1989 

M.-L FERNANDEZ DE PUELLES and J. JANSA 

Centro Costero de Baleares. Apdo. 291. Palma de Mallorca (Spain) 

In order to define the temporal coastal variations of the planktonic communi ties 
in relation to the pelagic environments, physical, chemical and biological(phyto
plankton and zooplankton) marine samples were collected from May 1988 to September 
1989. Three different areas of Palma Bay (Mallorca Island) were samplEd, at least 
monthly : Station 1 : Port area, 20 m depth. Station 2 : nearby a sewage effluent, 
30 m depth and Station 3 : a cleaner area in the middle of the bay, 30 m depth. 

Zooplankton samples were taken with a 20 0 em Bongo plankton net 250 }'m mesh, 
equipped with an oceanic 2030 flowmeter, to know the volume of the water filtered 
in each tow (Steedman, 1974). 

Data were analyzed and compared. Annual temperatures varied from 27.7° C in 
July to 14.4°C in January. The lowest value observed during the studied year was 
1°C hi~her than in previous years (Navarro, 1931; 1932; Lopez-Jurado; 1989). In 
all areas, a cold homothermy ·developed in winter, but in summer, a hot homothermy 
was only ?oserved inshore and a clear thermocline was found offshore. 
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The et.photic layer, estimated 3U m deep, was close to the bottom at stations 2 
and 3, while at station 1, it was only 10 m deep in an average: . 

All the nutrients values obtained are not considered limiting factors especially 
inshore, where from July to· next February an increase of nitrate and phosphate 
could be observed (2.5 pg at N/1 and 0.5 pg at P/1 in .September), with mean values 
of 0. 70 pg at N/1 and 0.26 pg at P/I, and offshore values 0.20 J'g at N/1 and 
0.18pg at P/1. . 

Chlorophyll "a", as an index of phytoplankton biomass, p_resented a elsa: gradient 
between the three areas : in port area, the mean value ( 2. 7 mg/m3) was 10 tlmes 
higher than at station 3 (0.29 mg/m3), and at station 2 (0.5 mg/m3) twice higher than 
at the latter. At the same time the zooolankton biomasses obtained were 4.3, 4:9 
and 3.7 mg of dry weight/m3 and 2.9, 3.6 and 2.8 mg organic matter/m3, at stations 

1
' 

2 T~:d sim~~:~~ni~~l~~ganic matter values at stations 1 and 3 can indicate that the 
inshore phytoplankton is not utilized by the zooplankton grazers (> 250 )Jml, espee1ally 
in spring, although at offshore stations, that can. be finished. 

In the middle of the bay (station 3), the nutnents and the chlorophyll were 
poorly represented, but several zooplankton ma~ima . values were observed, In spnng, 
early summer and autumn, higher than expected In this oligotrophiC area (Margalef, 
1989). At station 2, similar variation as in the former area was seen, but particular
ly in summer, greater values of biomass were appreciated. 
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Brachiomonas sp. and Eunotia sp. two new Microalgae favourable for 
mariculture cultivation 

B. SKARAMUCA , J. SANKO-NJIRE • M. CARIC and D. VILICIC 

Biological Institute, P.O. 80l( 39, Dubrovnik (Yugoslavia) 

The unicellular algae have been used in aquaculture as food for zooplankton 
and some other herbivorous organisms, e. g. larval bivalv.es . One of the main 
conditions has been the fastest possible growth of populations and adequateness of 
the species's size and quality as food for the organisms tliey have been grown for. 
Although the concentrated algae (either frozen or dessicated in capsulae) have been 
used lately as a food f'or ~zooplankton, live unicellular algae have remained a basic 
food in mariculture. Consequently, new phytoplankton species are still being isolated 
and the investigations on their ecology and nutritional quality carried on. 

This paper presents the results .of the research work on two microalgae 
(Brachiamonas sp. and Eunotia sp.} isolated at the Biological Institute, Dubrovnik, 
where they were used for the first time as food for rotifers. This work is a part of 
a larger programme "Influence of the different algae on the growth and nutrient 
quality of the rotifer Brachionus plicatilis for better survival and growth 
conditions of the rotifer-fed sea bass larvae and the post-larvae". 

The two algae were isolated in supralittoral rock pools in Dubrovnik, by 
the standard method of dilution and micropippeting (Knight-Jones, 1951). The algae 
were cultured in pasteurized nutrients enriched sea water (Guillard and Ryther 1962) 
in aerated 50 1 plastic bags, at 22°C and 12 hL: 12 hD cycle and the light l;vel of 
480 lux. The culture density was determined daily by microscopic counts in 
Burker-Turk chamber. The rotifer Brachionus plicatilis was inoculated (ca 10 ind/ml) 
when the algae population density reached over · .3 x lOS cells/ml). The growth of 
rotifer population was observed daily, until the density was sufficient for larvae's 
food. Rotifer's chemical composition was also analysed (Carie et al, 1989). 

Both phy~oplankton species achieved high population densities on the fifth 
day of the trial (Fig 1). The green algae Brachiamonas sp. was observed to retain 
the highest density somewhat longer than the other species. Moreover, rotifer 
Brachionus plicatilis fed on Brachiamonas sp. reached higher density values than when 
fed on the diatom Eunotia sp .. (Fig 2). 

Water, ash, lipids and proteins contents of the rotifer fed on these two 
mi~roalgae diffe:ed from those of the rotifer ·fed on Chlorella sp. and Phaeodactylum 
tr1cornutum (Car1c et al, 1989). Highest protein levels were found in Eunotia sp. -
fed rotifer, whereas lipids were observed to achieve .the highest values in rotifer 
fed on Chlorella sp. Because of a relatively fast population growth which saves both 
time and energy and thus reduces .production costs, optimaL cell aiz.e. (15 -'.90 j.lll} and· 
high protein levels, we recommend the use of both microalgae for rotifers rearing. 
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Figure 1. Population growth of microalgae Eunotia sp. (--'-- -) and 
Brachiomonas sp. (--) 

Figure 2. Population growth of the rotifer Brachionus plicatilis 
fed on Bracbiomonas sp. (--· ) and Eunotia sp. (---) 
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P-V3 
Chemical composition of the Rotifer (Brachionus plicatilis, Muller) 

fed on Brachiomonas sp. and Eunotia sp. 

M. CARIC , B. SKARAMUCA and J. SANKO-NIJRE 

Biological Institute, P.O. Box 39, Dubrovnik (Yugoslavia) 

AB a live fo<Jd, rotifer (Brachionus plicatilis Muller) is well-suited to 
the purpose of rearin!! the larvae of most marine fish, due to its appropriate size, 
rapid production rate and capability to be fed on a variety of live unicellular algae 
or baker's yeast. Nutritional quality of the rotifer is very important in the 
survival of fish larvae (Howell, 1977). This study aims at investigating the 
nutritional effects of phytoplankton monocultures Brachiomonas sp. and Eunotia sp., 
which were isolated in Biological Institute in Dubrovnik, on the chemical composition 
of the rotifer. The rotifer's samples were taken at exponential, stationary and death 
phases in order to determine water, ash, total lipids, proteins and carbohydrates 
contents. 

Algae were cultured in the pasteurized natural sea-water enriched with 
nutrient and in their late exponential phase of growth, the rotifer was added. The 
rotifers were separated on 53 pm aperture naylon mesh. In the samples the moisture 
were determined by drying at 600 C and ash content by ashing at 800° C 
{Lovergrove,l966). Lipids were extracted with a chlorofonJt-methanol mixture and 
"-'iitimated by the sulphophospho-vanillin method {Barnes and Blackstock,l973). To the 
lipid free pellets TCA was added. In supernatant total carbohydrates determinations 
were done using a phenol sulfuric acid method reported by Kochert (1978). In 
precipitate protein was assayed as described by Bradford (1976). Three experimental 
series were performed. 

Table I shows the values of water, ash, lipids, carbohydrates and proteins 
content in rotifers fed on the green algae Brachiomonas sp. and the diatoms Eunotia 
.!!.P..!. at exponential, stationary and death phases. In the both samples water content 
reached ita lowest· value at the stational-y phase of growth. ABh levels were highest 
at the death phase, probably due to a decline in organic matter. Its highest value 
"""' found in Eunotia sp.-fed rotifer and probably was consistent with siliceous 
nature of cell walls of diatoms. Lipids and carbohydrates were observed to decline 
from the exponential ·to the death phases.· Protein levels. increased . at the stationary 
phase and reached the ·highest··value in Eunotia sp:-fed ·rotifers. ·At the last growth 
phaae a JDarked and fast decline in lipids, carbohydrates and proteins was . observed 
along with an increase in ash and water contents. The above results indicate that the 
rotifer should be :maintained at the late """onential phase when it was observed to be 
most suitable to the feeding purposes. 

In our further research ·rotifers at the late eXponential phase of growth 
fed on Brachiomonas ·Sp. and Eunotia sp. should be used as ·a diet for fish laniae. The 
chemical composition imd ·the survival rate of ·fish larvae would be observed. 

TABLE I: Moisture (Xwet weight), ash, lipid, carbohydrat, protein (Xdry weight). 
Growthcycle: !-exponential, II-stationary and III-death phases. 
Means at the same phase of growth ·followed by different superscripts are 
significantly different (P(0,05, Student's t-test) 
Inoculum on Day 0 contained 89,7% moisture, 6,9:'> ash, 12,4% lipid, 2,1% 
carbohydrat and 38, 4% protein. 

I<OTI FEI<S FED ON 
~H(J fflAC~~ E~ tflACHsnCHJ.JAS EU~ ~CF 

I 13.9° 14.SU 87.5° 89.1 l 
LIPID II 11 5° 13Jl 86~ 88Jl II MJISTUI<E 

ill n,~ 12 za <XJOO 91,'? 1II 

CAr<BG I 35° 41° 61° TI2b I 

H'rTJr<AT 1I 2.9Q 38° 79° 127b II ASH 
m u_a 2SO 13 za rzob m 
I 287° 423b 

Pr<OTEIN ll 451° 546° 
m 342° 385b 
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P-V4 
Heterotrophic Plankton dynamics in the stratified water column in 

the Gulf of Trieste (Northern Adriatic) 

Valentina TURK , Lovrenc. UPEJ and Alenka MALEJ 

Marine Biological Station, Institute of Biology, JLA 65, 66330 Piran (Yugoslavia) 

The classical view of planktonic food chain changed with the realization that becterioplankton is a major pathway 

in the flux of organic material and energy in pelagic marine ecosystems. Nanoflagellates are important bacterivores, 

and appear to be regulated through predation by larger protozoa ( Wikner & Hagstrom, 1988). Rapid 

remmeralization of organic matte.r channeled through bacterioplankton and the prozoan predator-prey chain can ~use 

the release of nutrients. 
The field population dynamics based on abundances of becterioplankton and those organisms presumed to be their 

predators was followed in the coastal waters of the Gulf of Trieste during summer in 1988 and 1989. Standard methOOs 

were used ior collection of the samples. Epifluorescence microscopy was used to count bacteria and nanofl(9!11ates in 

formalin preserved and stained samples, and live cyanobacteria in green excitation light. Becterial production was 
measured by the incorporation of 3H-thymidine ( Fuhrman & Azam ,1982). Microzooplankton ( < 200 11ml was 

enumerated in formalin preserved semples, using a Wild Inverted microscope. The quantitative counts of net 

zooplankton ( 10 Standard net, 200 11m mesh size) were maill on aliquots of the formalin sample. 

A seasonal study showed the dominance of autotrophic cyanobacteria. and an increase of heterotrophic bacterial 
biomass and production during the period of stratification (Fig.1-A,B). The biomasses of heterotrophic becteria and 

cyanobacteria were high in July and August, with abundances of 9. 1-14.0* 1 Q8 cells ]-land 2.6-5.6* 1 o7 cells 1-1, 
respectively. A peak. of bacterial producti~n up to 5.4* 1 Q4 calls J-1 h-1 was observed in August. 

A bloom of nanoplankton and picoplankton developed in late July-August presumably due to low abundance of 

main predators, and direct microbial utilization of the frection ungrazed by higher levels. The seasonal dynamics of 
protozoa and metazoa (Fig.l-C,D) support this presumption. After a peak of 1.4 *106 cells J-1, flagellate number 

decreased through the summer, while abundance of ciliates increased at the end of August, which coincided with 
bacterioplankton sharp decrease. Total microzooplankton abundance varied from 56 to 669 ind./1, with the oomlnance 

of oligotrichous ciliates such as Aloricates ( Strom!Jidium and TMfO!lio) and the tintinnid Helicostomelt! subu/818. 

Other tintinnids ( Eutintinnusspp., Tintinnopsisspp., Oicfylxystesp., Fevello ellren!Jergi, Stet10S8171elltl spp., and 

.5teenstrupiel!a) were encountered rarely with low abundanca. 
Copepods with dominant neritic species (Acortio clousi, Clousa:elenusspp., ctetlf»J!onus ,.,.,.,us; Porta/41111$ 

sp. Temorolongirornis, Centropogestypicvs; Olti/O!l8spp., ~ spp.) were not Important in the stratified peleglc 

system and showed clear peaks of abundance in May and October. On the contrary, claoocsrens ( oomlnant species 

Pe.l/!l!iJov!rostrfs) showed a large pulse of abundanca in August, and similar seasonal pattern hcs been observed also 

ior Appendicularia (dominant species Oikop/ourodtoictJ and a /ongfc8tK»). 

Bacteria and cyanobacteria are actively consumed and metabolized by a variety of mlcrograzers depending on 

individual feeding capability and efficiency. Similar trophic interaction and the role of predators in rageneretion of 

nutrients in the pelagic food web heve bean observed also In other environments (Ressoulzacklgan & Sheloon, 1986; 

W1kner &Hagstrom. 1988). 
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Fig. 1. Seasonal dynamics of bacterioplankton (A,B). microzooplankton and net zooplankton (C,D)in 

the Gulf of Trieste In the stratified water column during summer 1989. 
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P-Vs 

Etude de Ia communaute zooplanctonique dans un environnement 
portuaire (Port de Valence, Espagne, Mediterranee Occidentale) 1. 

Holoplancton non Arthropoda 

David GRAS et Celso RODRIGUEZ BABIO 

Departamento de Biologia Animal, Universitat de Valencia, C/ Dr Molinar, 50. 46100 Burjassot (Espana) 

_ Les ports, etarit donne les condit~ons hydrographiques qu·' ils 
reunissent et leur facilite d'acces, constituent des endroits 
1deaux. pour essayer d' evaluer l' effet du confinement et de la 
contam~nation sur le zooplancton. Les travaux les plus remarqua
bles qu~ ont ete effectues sur le zooplancton des ports de la 
Med1terranee espagnole se limitent a quelques localites: Mahon 
(MASSUT:, 1948; JANSA, 1985), Malaga (RODRIGUEZ et VIVES, 1984), 
Castellon (S~N FELIU et MUI!QZ, 1962) et Valencia (RADUAN, 1987). 
Comme su1te a ces travaux, la presente etude pretend contribuer a 
une meilleure connaissance de la communaute zooplanctonique en 
m1lieu portuaire. 

Les echant1ll ons ont ete obtenus par peche horizontale et 
superficielle (- 3 m) grace a un filet Juday-Bogorov dent 1' ou
verture de maille est de 125 "m. Dans chacun des trois bassins du 
port ainsi que dans une station-temoin extra-portuaire des 
preu;vements d'une duree de dix minutes ont ete realise~, au 
cours desquels 65 m3 d'eau furent filtres. Ces prelevements ont 
ete effectues chaque mois pendant un cycle annuel {de mars 1987 
a fevrier 1988). 

Le tableau suivant presente les resultats: 

TAXONS 

P'ORAHIHIFERES 
Globlcerlna spp. 
TIKTIKHIDES 
Fave 11 a spp. 
Codonellopsts spp. 
Hetlcostomella subuiat.a (MOBIUS, 1833} 
ACAJIT!IAIRES 
RADIOLAIRES 
SIPHONOPHORES 
I!UU1aea koch! (WILL, 1844) 
Mu1a1aea atlantica CURHIHGHAM, 1892 
CTENOPHORES 
Pleurol>rach!a rhod.opts CHUH, 1880 
I!OLLUSQUES 
Crese1s ac1c.ula 'f. v1r1u1a (RANG, 1828 
C!IETOOHATHES 
sac1tt.a setosa QUOY et. GAIRARD, 182.7 
TURICIERS 
01Kopleura d1o1ca FOL, l&T2 
Fr1tlllar1a pelluclda (BUSCH, 18~1) 

Dol!olum natlonalis (BORGERT, 1894) 

DISTRIBUTION DISTRIBUTION 
SPATIALE SAISOKNIERE 

E 

ABOHDAHCE• 

• Classes d.'abond.ance: 1, <1e 1 • 10 1nd.1V1dus/&chant.1llon; 2, d.e 10 ~ 100 1nd../Echant.; 3, 
d.e 100 ~ 1. 000 ind. /6chant..; 4, plus de t. 000 1nd.. /!chant.. 

A part1r de ces resultats, on peut tirer les conclusions 
suivantes sur la composition de la communaute portuaire holo-
plancton1que non arthropode et distinguer: 

- un holoplancton autochtone (Protozoaires sauf les Acantha
ires, Muggiaea l<ochi et Oi!<opleura dioica), permanent et bien 
represente quanti tati vement dans tous l.es echantill ons qui pro
viennent aussi bien de 1' interieur que de 1 'exterieur du port, 
etant donne l e caract ere neri tique de ses composants. 

- un holoplancton saisonnier dent la distribution est reglee 
par les di fferentes conditions hyctrographiques: temperatures 
moderees {Muggiaea atlantica), temperatures elevees (Creseis 
acicula, ~national is). ou salinites basses {Sagitta seto
_g). 

- enfin. un holoplancton allochtone (Acanthaires, Pleurobra
~ rhodopis et Fritillaria pellucida), occasionnel, generale
ment peu abondant, caracteristique de la mer ouverte et entraine 
vers les cotes lors des tempetes, si frequentes en hiver. 
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Etude de Ia communaute zooplanctonique dans un environnement 
portuaire (Port de Valence, Espagne, Me'diterranee Occidentale) 11. 

Holoplancton Arthropoda 

David GRAS 

Departamento de Biologia Jl,nimal, Universitat de Valencia, C/ Dr Molinar. 50. 46100 Burjassot (Espana) 

La representation des crustaces holoplanctoniques, conside
rable tant aux~points de vue qualitatif que quantitatif ainsi que 
le _role eco1os1que :api tal qu' ils jouent dans 1' ocean -particu
lierement les Copepodes, consideres comme les metazoaires les 
plus abond~nts en haute mer (EHRHARDT et SEGUIN, 1978) -, justi
fient une etude monographique. 

Dans le present trava11, qui a ete realise en milieu por
tuaire, ont ete inventoriees et denombrees les differentes espe
ces de crustaces holoplanctoniques qui ont ete observees et qui 
se limitent en fa·it a 3 groupes (Copepodes, Cladoceres et MYsida
ces l. L' effet des conditions hydrographiques particulieres reg
nant dans ce genre de milieu sur la distribution de la faune et 
de la flore permettra de reconnaitre les indicateurs bioloeiques 
d: ces conditions et, par suite, de relier 1' etat de la communau
te zooplanctonique avec les caracteristiques de 1 • environnement. 

Pour ce qui concerne la methode d'echantillonnage et la 
de~c:iPtion de la zone d' investigation, on se reportera a la note 
precedente (Voir GRAS et RODRIGUEZ BABIO, 1990). 

Sur base des resul tats obtenus, on peut cons tater 1 • apport 
considerable, y compris dans ces zones confinees, que constituent 
les Copepodes et les Cladoceres represe.ntant ensemble 52. 3Y. du 
total du zooplancton (fig. 1). Quant aux Mysidaces, i 1 s n' offrent 
qu'un simple interet ecologique vu leur participation reduite 
dans les echantillons. 

TUNICIERS {17. 

CHETOGHATHES ( O. 

MEROPLANCTON { 27. 

(2.4) 

(16.6%) 

{35.7%) 

Le tableau suivant resume les distributions spatio-temporel
les et I es abondances des di verses esp!ces inventoriees, ll. la 
suite de quoi nous ferons un bref commentaire sur 1es esp!ces 
caracterisant les milieux portuaires et pouvant par la etre con
siderees comme indicatrices. 

~;~~~~!1rost.r1s DAKA, 1849 
Podon polypn~moldes {t.EUCURT, 1&'59) 
Podon tnterrnedlU:S LILLJEBORO, 1901 
Evadne SPlOlf~ra MtJLL&R. 1&«!;8 

~:::: ~~~~!~~~a L~Z~~siai!621 
COPEPODES 
Calanus helrotandlcus (CLAUS, 1803) 
Paracalanus parvus (CLAUS, 1803) 
Calocalanus pavo DAHA, 1&49 
Clau:socalanus spp. · 
Temora styUfera [DAKA, 1&48} 
Cl!ntropaees typtcus rROYER, 1&49 
Islas c1av1pes BOECt:, 1&154 
AnomalOCI!ra paterson! TEHPLETOH, 1&37 
Labldocera wollaston! (LtrBBOCJ:, 1&~1} 
Acartla ctaus1 GIESBRECHT, 1809 
Acartla <11scaud.at.a STEUER. 1929 
Acartla latlset.osa J:RICZAGUIH, U73 
Acartla 1ran1 SARS, 1904 
01thona helrolandlca (CLAUS, 1&03) 
Olthona Plumlfera BAIRD, 1&43 
Olt.hona nana GIESBRECHT, 1&92 
Euterplna acutlfron:s (DARA, 1&'52} 
Clytemnestra rostrata !BRADT, 1_,&3) 
Sapphirlna nleromacutata CLAUS, 1&03 
Corycaeus spp. 
oncaea spp. 
HYSIDACES 
Hesopodopsu Slabber! (BEHEDEH, 

DISTR18UTIOR 
SAISOHHif:RE 

X X X 
X X 

~ X X : X 

X X X 
X X X 

X 
X X 

X X 
X X 

X X 
X 
X 

X X 
X 

X X 
X 
X 
X 
X 
X 
X X 
X X X 

X X I I 

D' apr!s ces resultats, les differentes esp!ces de crustaces 
holoplanctoniques observees peuvent se repartir en 3 groupes: 

- especes exclustvement portuaires, indicatrices hydrogra
Phiques de confinement: ~ polrphemoides (estival), et Podon 
intermedius, Acartia latisetosa et ~ grani (hivernales-).--

- especes exclusivement extra-portuaires, lndicatrices 
hydrographiques de mer ouverte. Elles · peuvent etre d' origine 
neritique {especes du genre Evadne, Temora StYlifera, Centropases 
trpicus et Corycaeus spp.) ou etre d' origine oceanique, et dans 
ce cas, entrainees vers la cote lors des tempetes d' automne et 
d'hiver (~ helgolandicus et ~ pluniifera). 

- especes a localisation indistictement portuaire et extra
portuaire, permanentes (Paracalanus parvus, Clausocalanus spp. , 
~ clavipes, ~ ~. ~ discaudata, Oithona ruu..: 
goland1ca, Oithona ~. Euterptna acutifrons et Oncaea spp. J ou 
temporaires, la distribution de ces dernieres et:ailt'determinee 
par les temperatures elevees et les salinites basses. bien plus 
que par le confinement des eaux (Penilia avirostris et Mesopodop
~ ~), comme quoi e lles ne peuvent pas toutes etre con
Siderees comme lndicatrices du confinement. on inclut egalement 
dans cette section des especes que l' on ne peut at tribuer a aucun 
rang spatlo-temporel vu leur faible nombre (Calocalanus EAY_Q, 
Anomalocera patersoni, Labidocera wollastoni, Clytemnestra ros
trata et Sapphirina n!gromaculata). --
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Etude de Ia communaute zooplanctonique dans un environnement 
portuaire (Port de Valence, Espagne, Mediterranee Occidentale) 111. 

Meroplancton 

Celso RODRIGUEZ BABIO et David GRAS 

Departamento de Biologia Animal, Universitat de Valencia, C/ Dr Molinar, 50. 46100 Burjassot (Espana) 

Les donnees sur la composition spec1f1que du meroplancton 
sont beaucoup moins precises que celles concernant 1 'holo
pl ancton. Toutefois, on ne peut neg liger son etude mal gre sa 
difficul te parce que 1' importance de ce contingent est considera
ble. Parmi les travaux 1es plus notables consacres au zooplancton 
portuaire de la Hediterranee, avec des determinations a diffe
rents niveaux taxonomiques d'organismes meroplanctoniques, ci
tons: celui de PATRITI ~ .!!]. (1979) sur le port de Marseille, 
celui de DELLA CROCE~.!!]. (1973) sur le port de Genes et celui 
de VIVES~ .!!]. (1985) sur le port de Castellon. 

La recente PUblication de monographies concernant les Phoro
nidiens (EHIG, 1982) et les larves de Polychetes (BHAUD et CA
ZAUX, 1987) nous a permis de caracteriser taxonomiquement une 
partie des ind1Vidus larvaires appartenant a ces groupes. 

En ce qui concerne. 1' echantillonnage voir la note de GRAS 
et RODRIGUEZ BABIO (1~0). 

Les organlsmes meroplanctoniques observes dans les echan
tlllons ont ete identifies a differents niveaux taxonomiques et 
l'etablissement de la liste des especes se poursuit: 
- Hydromeduses 
- Larves de Turbellaries Polyclades Leptoplanldae (fig. 2, A) 
- Larves nectochetes de Polychetes 

Glycera tridactyla SCHHARDA, 18151 (fig. 2, B) 
Nephtys sp. (fig. 2, C) 
Sigalionldae (fig. 2, D) 
Sabellaria ~ LINNAEUS, 17157 (fig. 2, E) 

- Larves nauplius, metanauplius et cyprls de Clrrhipedes 
~ amphitrite DARWIN, 1851! 
Lepas spp. 

- Larves zoes et megalopes de Decapodes 
- Larves veligeres .de Gasteropodes et Bivalves 
- Larves actinotroques de Phoronis psammophil a CORI, 1889 (Acti-
~ ~~ (fig. 2, F) 
- Larves ophiopluteus d'Ophiurides 
- Larves d'Ascidies 

Le meroplancton represente une fraction lmportante du zoo
plancton portuaire, avec 27. 72/. de 1 'ensemble zooplanctonique 
(fig. 1, A). Son a:bondance dans les echantillons s'explique par 
le caractere eminemment neritique que possede et le grand contin
gent des larves d' organismes incrustants presents dans les aires 
portuaires. 

Lemeroplancton (fig. 1, Bl. est remarqua:t>Iepar l'enorme 
proportion des larves de Cirrhipedes (82. 81!/.), appartenant pres
que exclusivement a l'espece ~ amphitrite, sauf quelques 
nauplius de Lepas spp. En seconde position se situent les larves 
de Mollusques (8. 531.), celles des Polychetes (4. 901.) et celles 
des Decapodes ( 1. 021.). Les 2. 7'/. restants se composent d'hydrome
duses, d.e certains stad.es larvalres d.e Turbellaries Polyclades 
Leptoplanidae, d.e larves ophlopluteus, d.e larves actinotroques de 
Phoronls psammophlla alnsi que d.e larves d'Ascidies. 

' . 
A 

' 
. 

!i·} 
FIG.2 
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Evolution mensuelle des Tintinnides (Tintinnina) de 1986 a 1988 en 
deux stations de Ia Baie de Jounieh (Liban) 

Marie ABBOUD-ABI SAAB at Marie-TMrese KASSAB 

Centre de Recherches Marines, CNRSL-UL, B.P. 123, Jounieh (Liban) 

Les Cilies loriques (Tintinnina), collectes par un filet fin (52 pm), ant falt 
1 'objet d' une etude detaillee (ABBOUD-ABI SAAB, 1989). Ils sont presents toute 
l'annee dans le milieu avec un maximum printanier en surface, consequence d'une impor
tante poussee de phytoplancton, leur principale source de nourriture (ABBOUD-ABI SAAB, 
1986). 

L 'analyse des echantillons collectes par differentes methodes, a permis de constater 
que les techniques d' echantillonnage influent beaucoup sur 1 'effecti f des T intinnides, 
surestimant au sousestimant certaines especes. Le filet fin laisse passer certaines 
formes infthieures au vide de maille utilise; quant au petit volume d' eau destine a 
l'etude du phytoplancton, il n'est pas suffisant pour fournir un effectif utilisable 
statistiquement, surtout durant la peri ode de pauvrete. 

Pour pallier ces lacunes, les Cilies loriques ant ete denombres mensuellement, en 
surface, durant deux annees (nov. 1986 a oct. 1988) dans des echantillons d'eau d'un 
litre, en deux stations situees dans la baie de Jounieh :JO (a environ 40 m du rivage 
par 5 m de fond) et J1 au centre de la baie (a 2 km du rivage par 150 m du fond). Les 
echantillons d'eau destines a cette etude ont ete fixes au Lugol d8 s leur recolte et 
le denombrement des cellules effectue suivant la methode d'Utermohl (1958) apres sedi
mentation de plusieurs jours. 

Durant cette peri ode, la temperature de 1 'eau suit le cycle normal connu dans la 
region et les salinites varient entre 35,6 (mars-avril) et 39.25% (octobre-novembre). 

les effectifs des Tintinnides varient entre 2 et 1388 ind./1 (moyenne = 215) 
a JO et entre 8 et 960 ind./1 (moyenne = 145) a J1. les maxima sont atteints suivant 
les annees, en juin et en avril a JO et en juin a J1. les minima sont atteints en 
octobre et en mars a JO et en avril, octobre et mars a J1 (Fig. 1). 

les especes dominantes sont de petite taille et appartiennent au genre 
Tintinnopsis : T. beroidea, T. compressa, T. campanula. Notons egalement la presence 
de Metacy lis jorgensenii, Stenoseme lla ventr icosa, Daday ie lla ganymedes, Helicostome lla 
sp., Favella ehrenbergi, Eutintinnus lusus, ... qui dom1nent aussi durant les dlffe
rents mois de l 'an nee. 

La comparaison des resyltats obtenus a partir de ces echantillons d' eau et d 'e~han
tillons collectes au filet aux memes stations et denombres par la methode d' Utermohl, 
montre certaines differences : 

- Le nombre d'especes recoltees par le filet est plus eleve et atteint parfois 
le double. 

- Les especes dominantes,lors d'une sortie, ne sont pas toujours les memes et si 
elles sont pareilles, leur pourcentage par rapport au total des effecti fs varie. 

- les dates des maxima et des minima different entre les deux types d' echan
tillons; par exemple, en 1987, fr maximum "au filet" se situa en mai au lieu de juin 
et etait du a Favella ehrenbergi au lieu de T. beroidea. De tels exemples sont nombreux 

- les resultats publies anterieurement (ABBOUD-ABI SAAB, 1989) et fondes sur des 
echantillons "au filet" m·antrent que le. maximum principal se situe en juin ou en mai 
suivant les annees, dorc en bonne concordance avec les resultats actuels; par contre, 
le maximum secondaire·en decembre et janvier , n'est pas evident ici. 

On deduit de ces resultats et d'autres non encore publies, qu' il est primordial de 
fixer au prealable la methode d' echanti l.lonnage qui parait la plus satisfaisante. De 
plus, les Tintinnides, se nourrissant de microzooplancton et surtout de phytoplancton, 
se multiplient suivant un rythme calque sur celui du phytoplancton printanier : rapide 
et important. II est evident que dans de tels cas, la frequence d'echantillonnage doit 
necessairement augmenter pour capter au maximum toutes les variations possibles et 
procuver les resultats les plus fiables. 

I IM./1 

N .J M M .J 5 N .J M M .J S 

I t1a1 1 teas 
Fig. 1. Variations saisonnieres des densites de T intinnides entre nov. 1986 

et oct. 1988 en deux stations situees au centre de la cote libanaise 
(d'apres des echantillons d'eau). 
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Calcul et mesure de Ia diversite chez quelques groupes planctoniques 

des Eaux COtieres Libanaises (Mediterranee Orientale) 

Sami LAKKIS et Raymonde ZEIDANE 

Centre de Recherches Marines, CNRSL-UL, B.P. 123, Jounieh (Liban) 

Pour €:tudier la structpre et 1 1 organisation d' une camn.maute planctonique, il est in
disJ?"''Sable de cormaitre la diversite specihque.Plusieurs criteres et m:xleles ont ete 
prop:>ses pour le calcul de 1a diversite specifique(Whittaker, 1972;Pielou, 1975;Grassle et 
al. , 1979) . Plusieurs methodes de calcul ont ete realisees sur 1a diversite speoifique 
(Giller,1984). Margalef(1957) ,considere que dans un echantillon a composition donnee,l'at
tribution d'un individu a une espece cam:e etant un signal elementaire d'infoxrnation.Ainsi 
1' infonnation noye.nne par individu donnee par Margalef :I=1 /Qlog2 Q/q1 !q2! ..• qN! tend 
vers l' infm:rnation donnee par la fox:rnule de Shannon:. I=-pi log2 pi. Toutes les analyses 
de la diversite qui sent basees sur la theorie de l' inforrnation,prennent en consideration 
1a fonction de Reyni(1961) qui generalise l'entropie de Shannon et celle de Patil et Tail
lie(1976) qui generalise l'indice de daninance de Simpsen.D'autresindices sent encore 
utilis€:s;l'indi.ce d'unifoDnite ou entropie relative11eveness 11 et l'irxlice 11richness" de 
Margalef. Ces indices ont servi de base a 1' elaboration de quelques programnes d' analyse 
de la diversite elabonls par SC:im::>ne et al. (1987) que.nous avons utilises pour les cal
culs de la diversite chez trois groupE$ planct;oniques importants des/eaux Libanaiscs: les 
Copepodes, les Tintinn:ides et les Dinoflagelles .I.es matrices des dansites ont ete elaborees 
a partir d'analyses d'echantillons planctoniques effectues tous les rnois en plusieurs 
stations de la cote libanaise (Mediterranee or.:.entale) entre 1985 et 1988 (Lakkis et Zeida
ne, 1987). 
1-I.es COPEPODES. I.e programne DIV utilise,elabore une rnatrice rn x n contenant huit indices 

differents de diversite.I.es variations mensuelles de la diversite chez 
les copepodes ont le rn&re aspect pour les hUit indices (Tab. 1) .En rnai la diversite est 1a 
plus elevee(H'=2,87 bits/ind.) alors qu'elle est la plus faible en rnars(H'=0,653). Un au

tre progranure BErADIV, consiste a calculer 10 rnesures de diversite pour chacun des vecteurs 
nuis et donner les traces correspondants(Fig.1a, 1b) .C'.es calculs sent bases sur 1a fonction 

de Patil et Taill:ie: H(beta) ; (1-Sp(i) (beta+1)/beta i=1 , ... ,m 00 beta varie de _ 1 a 
1 en augmentant chaque fois de 0·, 2. 

2-I.es TINI'INNIDES. Ies Tintinn:ides sent tres abon:'lants dans .les eaux portuaires et semi-
ferrnees (Lal<kis et Lakkis, 1985) . Ie progranure ProD IV perrnet de tracer 

les prcfils de 1a diversite de Whittaker sui~t les rnois en se basant sur l'entropie de 
Shannon ou de l' indice de Gini-Sirnpsen:D=Sp (i) i=1, ••• ,rn • La figure 2 nuntre 1a courl::e 
de la diversite totale des Tintinn:ides(44 especes) trouves dans le port de Jounieh entre 
1985 et 1986. La diversite est naxirnale en decerrbre(H';2,311 bits/ind.) alors qu'elle est 
rn:inim3.le en aoilt et septernbre (H' =0, 005) • 

3-I.es DINOFIAGELLES. Surles 110 especes identifiees sur les c6tes du.Liban(Lakkis et Lak-
kis, 1981) ' 50 dont la frequence de presence est superieure a 10\ ont 

ete retenues pour cette analyse. I.e progranune INF011MA nous penret de cal euler les indices 
de similitude ou les distances entre les rncis de la rnatrice. I.es resultats sont donnes 
sous forme de rnatrice triangulaire(Tab.2) de 12 Hements(rnois) carprenant les'indices de 
similitudes de Fajski. Par ailleurs les cl,ifferentes canposantes de l' entropie generale 
sent aussi calculees:inforrnation entre les l:ignes.(especes) ,entre colonnes(nois) ,:i.nfonlla
tion conjointe,infonre.tion I!Ultuelle,equivccation,indice de Fajski et indice de coherence. 
La diversite la plus elevee tornJ:e en fevrier(H''=2,59) ,la plus fa:i.ble en octobre(H'=1,20). 

Malgre une pauvrete marquee en bianasse, le plancton des eaux libanaises est caracteri
se par une diversite specifique assez elevee. 

H{-1.0):48 H 1.0)::8 
H O.B)::5.JZ974J 
H 0.6).::).768121 

= g:;~ ~ i: ~::~~ 
H 0.0)::1.718535 
H 0.2)::1.418175 
H u.4)::1.188509 
H 0.6)::1.0142)1 

H (- 0.8) = 22.'!6H6 
H(-0.6)::11.98945 
H(-0.1):6.762944 
H(-0.1)::4.200705 
H( 0.0}::2.85089 
H{ 0.2)::2.866126· 
H( 0.4)::1.581537 
H( 0.6)::1.267982 
H( 0.8}::1.846163 
H( 1.8}::.8801389 = I ~:~~ ~ :~~~ii~ ........ ~~~~~ .......... ~~~ ....,...-=::::=::::J=====:=f Ordre dtlcro!saantN~::;=:: 

~- !~:~e 1~= ~~P~~::: ~=~~d!;~~dti ~· I!:c~~~~:u~elt~.~i(;~:~1!nc~)z 
~Tr~duprofiltWladiveulU 

totalec:hu lesTintinnid .. dea 
eOtaaliban.iaea{Stationf',1987). 
Progr-PRC Libll/'\aisea(ShtionJ},Hai1987.Proq.S£TAOIY en06cembre1987.Proqn~~~~MB£TADIV 

Componenti dell' entropia generale 
Informazione di riga ..... 5593.985 

_ Informazione di colonna ... 4786.606 
Informazione cong..ionia.... 3946.31 Z 
Mutua informazione .•.....• 1434.379 
Equi vocazione .....•....... 7511.8 33 
lndi9e de· Raj ski .......•... 8396664 

Tableau 2. Matrice des indices de similitude 
~distance entre les mois chez les 

Dinoflagell<!s du Liban, basee sur la theorie 
de l' Information (Station J, 1987), calcules 
en utilisant Progr. INFORMA. 

Coerenza ....••...•........ 5431026 

Mat rice di simmetrica fra i vetteri co lonna per: indice di somiglianza di Raj ski 

1.000 0.879 0.873 0.868 0.857 0.868 0.847 0:881 
1.000 0.959 0.956 0.895 0.896 0.863 0.880 0.823 
1.000 0.955 0.939 0.947 0.927 0.915 0.833 0. 789 
1.000 0.925 0.918 0.893 0.876 0.845 0.856 0.852 
1.000 0.961 0.961 0.933 0.813 0.903 0.913 0.894 
1.000 0.942 0.956 0.835 0.925 0.925 0.912 
1.000 0.920 0.795 0.904 0.916 0.879 
1.000 0.838 0.892 0.914 0.894 
1.000 0.956 0.901 0.903 
1.000 0.901 0.934 
1.000 0.932 
1.000 

Rilievo 5/R R/T H MAX H.MAXT SP 

1 24 0.358 3.178 0. 756 0.481 
2 24 0.358 3.178 0. 756 0.120 
3 33 0.567 3.638 0.865 D. 775 
4 35 0.522 3.555 0.846 0.464 
5 49 a. 731 3.892 0.926 0.112 
6 23 0.343 3.135 0. 746 O.C82 
7 46 0.687 3.829 0.911 0.243 
8 42 0.6.27 3. 738 0.689 0.247 
9 34 0.507 3.526 0.839 0.137 

18 23 0.343 3.135 0. 746 0.397 
11 24 0.358 3.178 0. 756 0.342 
12 9 0.134 2.197 0.523 0~ 228 

S/R: N . specie /Rilievo 
R/T = N.specie per Rilievo/N. To tale specie 

H'MAX = Diversita' massima per Rilievo (log N .Specie) 
H'MAXT =H H AX per Rilievo,HM.AX tot ale 
SP = Indice di Dominanza Simpson 
H• = Indice di Diversita'di Shannon 
Even = Indice di Uniformita' (entropia relativa) 
Rich ~ lndice di Ricchezza di Margalef 

0.844 0.826 0.874 
0.882 0.878 0.911 
0.849 0.927 
0.920 

H' EVEN RICH 

1.221 0.594 3.474 
2.477 0.780 4.865 
0.654 0.180 4. 791 
1.442 0.406 5.563 
2.847 0. 732 8.961 
2.823 0.900 5.814 
1.967 0.514 7.026 
1.831 0.490 6.123 
2.350 0.666 5.622 
1.414 0.451 3.030 
1.576 0.496 3.656 
1. 729 0. 787 1.689 

N. T otale specie = 67 
N. Rilievi = 12 

0.856 

H MAX totale = 4.204693 

Tableau 1. Matrice des 8 mesures d' indice de diversit~ mensuelle chez les 
---Copepodes du Liban (Station J, 1987) ,calculee a l 'aide du programme 

DIV (Scimone~' 1987 ). 

Rernercierrents. res analyses ont ete effectees au Oepa.rternent de Biologie de l'Universite 
de Trieste' grace a une subvention accordee par l 'i\cadernie des Sciences du 

Tiers Monde('IWAS) a S.Lal<kis. 
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Distribution of Macroplankton and marine circulation in the Ligurian 

Sea 

Tecla ZUNINI SERTORIO, lgnazio DAGNINO and Claudia VACCAREZZA 

Institute of Marine Environmental Science. University of Genoa, Corso Rainusso 14, 16038 Santa Margherita 
Ligure (Italy) 

During two cruises conducted respectively In April and August 1986, by the GAO·G (Oceanologi
cal Research Group-Genoa) and the Institute of Marfne Environmental Science of the University 
ot Genoa, macroplankton samples were collected In the northeastern sector of the Ligurian Sea. 
over a grid of offshore stations; three stations (45, 46, 47). however, were located at the eastermost 
end of the basin, parallel to the coastline, near the edge of the continental shelf. 

The sampling was carried out from April 24th to 27th and from August 25th to 27th, using a 1 mt 
OR! net of 1 mm mesh, equipped wfth a flowmeter and towed on the surface at 1,5 knot speed 
during day time. The average volume of filtered water was 1,444 cubic meters. In the laboratory 
the organisms were counted and sorted Into the main taxa and the biomass of each taxon was 
evaluated (dry weight, 60°C). 

Temperature and salinity recordings from 0 to 100 c,Jb were made at the same time using a Neil 
Brown CTD onboard the 0/V "Mine!Va", the purpose being to acquire Information on the physical 
and dynamic conditions of the water masses at the sampling time. In order to obtain a general 
view of the marine circulation pattern, the mean temperature and salinity of the layer comprised 
between 0 and 100 db were calculated, and the average isotherms and isohalines were plotted. 

A cyclonic circulation is a permanent feature of the ligurian Sea, flowing along the coast at 
variable speed In relation to the stresses brought about by atmospheric circulation. Deep masses 
show an upwelling tendency at the centre of the circuit (central divergence), as against the 
downwelling tendency of surface masses at its periphery (convergence). The divergence axis. 
therefore, is identified by minimal mean temperatures, as well as by highest mean salinities 
(HELA 1963, AsTPALDI & GAsPARINI19S6, HECQ et al. 1987). 

a) Oynamic conditions of water masses. APRIL 24-27, 196&. The isothermal pattern showed an 
absolute temperature minimum (13.13°C) In the central and deepest area of the basin (St. 27): the 
central divergence appeared to follow two directions. corresponding to stations 25, 31 and 27, 34. 
40. The main displacement of surface masses was at the periphery of this area 

AUGUST 25·27, 1986. The pattern of mean Isotherms and lsohallnes pointed to the presence of a 
divergence area at stations 34 and 41; stations 32, 33, 34, 40 and 41 were all within an area 
characterized by prevailing vertical motions. The cyclonic motion at the periphery of this area was 
almost parallel to the coastline. 

b) Composition and distribution of macroplanlrton. APRIL 24-27, 1966. Gelatinous specimens 
were prevailing in most of the samples. On the average 7 4% of the plankton biomass (dry weight) 
were Slphonophora, the other taxa In the examined area being : Tunicata (9%), Pteropoda (7%), 
Crustacea (6%), Polychaete (2%) and Medusae (1%). The average proportion of Chaetognatha 
and Pisces larvae in the whole biomass was less than 1% dry weight. 

Zooplankton density was highest Into inshore stations (46, 47). In offshore waters Slphonophora 
showed a very heterogeneous distribution, concentrating at three stations (24, 33, 39) located 
outside the central divergence zone, mainly In station 24 which was characterized by particularly 
Intense temperature and salinity gradients. In the said three stations, moreover, there were 
specimens of all the taxa inhabitlpg the surface waters at the lime of sampling. On the other hand, 
stations 25, 26, 27, 31 and 34, located in the area of greatest divergence, were characterized by 
a Jess diversified population and a general Impoverishment of the whole biomass. However, In 
some of these stations, the concentration of Copepoda {E.rostral8, Apatersonl) and Euphausids 
larvae appeared to be rather high. 

AUGUST25-27, 196&. Mollusca or Siphonqphora were dominant by weight In Individual samples. 
On the average Mollusca were prevailing contributing to 54% of dry biomass, followed by 
Slphonophora (25%), Chaelognatha (11%). Crustacea (5%) and Medusae (4%). The Tunlcata and 
Pisces larvae were less than 1%. 

Tile divergence area at the center or the tlasln (33, 34, 35, 39, 40) was very poorly popUlated, 
Slphonophora being almost the exclusive presence. In offshore waters the biomass was mainly 
concenlraled in two stations (31, 38) along the cyclonic circuit, where Mollusca, Chaetognatha 
(31, 38), Slphonophora, Medusae (31), Dol/alum, Stomatopods larvae, Pisces larvae (38) were 
present In highest density. 

Concluding remarka. The large-scale macropiankton sampling carried out In a large area of the 
Ligurian Sea In the shortest possible lime, and the contemporary obse!Vation of the physical and 
dynamic conditions of the waters, enabled us to evidence the influence exerted by the basin 
dynamic conditions on the macroplankton distribution. 

The data show that In the basin area characterized by vertically moving components at water 
masses. the rnacroplankton biomass Is subject to an overall decrease and the macroplanktonic 
population Is poorly diversified. Altogether, the macroplankton appears to be richer along the 
cyclonic circuit flowing by the Ligurian coast, and to concentrate mostly In the peripheral areas 
where temperature and salinity gradients are highest. Major biomass densities are due mainly to 
Slphonophora and Mollusca. I.e. to the largest populations encountered in the diurnal surface 
macroplankton at the time of the surveys. Taxa other than Copepods contribute in a lesser amount 
to the highest biomass concentrations in these areas. Hyoroo;namical conditions coupled with 
behavioral pattems (Vertical migration, reproduction) may aggregate zooplankton. The predoml· 
nant role of biological factors In the small-scale spatial distribution of Copepods was shown by 
Boucher (1984) In the Ligurian front facing the French coast. 
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P-VII 
Distribution of the Zooplankton In Mediterranean Sea along the River 

Nile Delta Region 

Mohamed M. EL·KOMI 

National Institute of Oceanography and Fisheries, Alexandria, Kaye! Bay, Alexandria (Egypt) 

During the period from 20 to 26 December, 19!18 the R/V "Akademik 
H.A. Laverentyev" Soviej; Cruise in the frame work of an agreement between the 
Pacific Oceanological Institute of the far Eastern Branch of the USSR Academy 
of Sciences and the National Institute of Oceanography and fisheries, Egypt 
this work was carried out to study the influence of natural processes on 
pollutant migration (oil.hydrocarbons and heavy metals) in the River Nile Delta 
Regio~. Vertical zooplankton hauls were collected by means of the closing Juday 
net (mesh aperture 168 ym) from seven sectors perpendicular to the Egyptian 
Coast from Alexandria to Port Said. The biomass of the whole zooplankton haul 
was conducted on board the ship by Mrs. Tamara A. Zadonskay research worker of 
the Biology laboratory { microvolume.Yashnov meter). 

The zooplankton population shows a considerable variation in its 
density and constituents •dthin different sectors (fig. 1) as well as. between 
the three different zones of inshore neritic zone (< 50 meters depth), offshore 
neritic zone (50-200 meters depth) and the oceanic zone (> 200 meters depth). 
The inshore neritic waters off Abu Kir (A) and Rossetta (B) were more productive 
areas with a relatively high density in both zooplankton population and the 
plankton biomass (wet weight,mg/m ~)yielded an average 1980 org/ ni~ 113 mg/ 
m 3and 2943 org/m ~282 mg/ni 3, respectively (Table 1). The number of zooplankton 
and their biomass greatly reduced away fr·<~ inshore waters of A sector at 
depths 72, 256, 335 and 780 meters deep to 536, 420, 410 and 517 org/ m1 
respectively. At B sector they decreased to 463 org/ni3 at 235 m and 715 org/m3 
at 668 meters deep. The zooplankton biomass in the offshore and oceanic zones 
decreased to 27-70 mg/rri 3as the, total zooplankton number does. At Manzalah (f) 
sector the density of zooplankton crop is high productive amounted 1207 org/ni~ 
in the inshore neritic region, where the zooplankton biomass is maximum 
weighing 333 mg/m~. They decreased rapidly from the shore to 616 org/ nt3 and 
!02 mg/ m3as regards to increasing depth at the offshore neritic zone (74 
meters deep) and the oceanic zone at depths 229, 1090 and 1300 meters deep 
amounted 486 org/ m 3(82 mg/m 3), 383 org/ IIi 3(40 mg/m ~)and 571 org/m~ (58 mg/ 
m 3), respectively. Generally, zooplankton crop was higher in the inshore 
neritic region than offshore neritic region and the lowest in the oceanic 
region (fig.l). Similarly, the zooplankton community was less productive at 
Borollus (C&D), Domiatta (E) and Port Said (G) sectors than in the previous 
sectors of A, B and f. The zooplankton population in plankton samples sustained 
a low values with an average ranging from 936 to 827 org/ m ~and a total 
biomass weighing 115-94 mg/ IIi~ in the inshore neritic zone. It decreased 
rapidly in the offshore neritic zone to 466 org/nt3and 38 rug/ nt5at Port Said 
sector and to the lowest amount 1.24 org/m3and 45 mg/ IIi 3at Borollus section of 
1740 meters depth. 

The number of copepoda and copepod nauplii was dominating among 
the zooplankton population in the different stations and it is represented with 
an average ranging from 70 % to 92 % of the total zooplankton count. Nauplii 
larvae of cirriped were numerically high, yielded 420 org/ni 3at Abu Kir and 537 
org/m3at Rossetta sectors in the inshore neritic zone. iihereas, 
Appendicularia, Chaetognatha, copepod nauplii and Gastropod larvae were common 
among the zooplankton population and a high number recorded was 50 org/ ni3 or 
less in the three different regions in the different sectors. The rest groups 
of zooplankton were less important and represented with a relatively very small 
number. of organisms per cubic meter ranging from 2 to 33. These groups were 
Siphonophores, Leptomedusae; Ostracoda, Protozoa, Heteropoda, Pteropoda, 
Mysidaceae, Polychaeta larvae, Thaliacea , Decapod larvae, Lamellibranch 
veligers, Bryozoa larvae, Echinoderm larvae, fish eggs and fish larvae. 

In this study the zooplankton crop through a total of 31 samples 
collected from 31 stations ·covering a wlde .area in the l!editeranean Sea 

(ca 4000 Krrf)appears that it reduced greatly in the number of organisms per 
cubic meter and in the biomass of the total zooplankton in comparison to the 
previous results by the earlier investigators (El-Maghraby and Halim,1965 and 
Hussein, 1977). The environmental conditions of this area subjected to great 
changes due to the construction of the High Dam and the complete cessation of 
the Nile flood. 

mtles 
30° 

Sector Depth Total Bioaass 
• zoopl. aclrd 

Abu Kir 35 1980 !13 
A 7Z 536 103 

256 420 30 
335 410 31 
780 517 27 

Rossetta 18 4825 525 
B 28 1060 38 

235 463 42 
668 715 70 

Borollus 16 1861 147 
c 43 524 54 

124 504 70 
D 18 589 141 

56 624 117 
96 752 75 

1740 124 45 
Oooiatta 29 827 89 

E 66 455 81 
Ill 404 40 

lll2 90 12 
1400 515 27 

Hanzalah 18 1207 333 
F 74 61t 102 

229 486 82 
1090 382 40 
1300 517 58 

Port 35 742 94 
Said 182 466 38 

G 509 414 37 
930 307 104 

Fig.l.Distribution of the numerical abundance of the 1260 520 49 
total zooplankton (org/m3), in the i~vestigated Table I. The biomass (mg/m3) 
stations (Mediterranean Sea,River Nile Delta and the total zooplankton crop 
reg10n) · ( Dllg/m3) in the study area. 
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Les Scyphomeduses du Bassin Levantin (Beyrouth) et de I'Adriatique 
du Nord (Golfe de Trieste) : comparaison faunistique ·et ecologique 
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Sami LAKKIS• , Massimo AVIAN"• , Paola DEL NEGRO ... et Laura ROTTINI-SANDRINI .. 

·centre de Recherches Marines (CNRSL-UL) B.P. 123, Jounieh (Liban) 
"'Dipartimento di Biologia, Universita di Trieste, Via Valerio 32, 34127 Trieste (ltalia) 
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Les differences hydrologiques entre la Mediterranee orientale (Bassin Levantin) 
et l 'Adriatique septentrionale, impli.quent des differences dans la composition et 
la distribution des groupt>s planctoniques, surtout lorsqu' il s' agit des scyphomeduses. 
Nous avons trouve interessant de faire une comparaison faunistique et 8cologique des 
especes de ce groupe dans ces deux regions mediterraneennes : cette etude contribuera 
8 combler des lacunes qui, malheureusement existent encore dans nos connaissances de 
plusieurs zones de la Mediterranee. 

Si l 'Adriatique a fait l' objet depuis longtemps de travaux sur les scyphomeduses 
0-II Workshop on jellyfish, 1983-1987), par contre les .travaux relatifs ace groupe 
sont encore tres rares dans le Bassin levantin (Lakkis, 1987; Dowidar, 1983). 

La distribution des scyphomeduses dans l 'ocean mondial est liee, comme chez la 
plupart des groupes planctoniques, aux facteurs hydrologiques, notamment, temperature 
et salinitB. Si plusieurs scyphomeduses montrent une distribution cosmopolite, par 
centre, d' autres res tent cantonnees dans les eaux tropica les et subtropicales (Mayer, 
1910; Kramp, 1961; Russell, 1970). Si le Bassin levantin etait considere comme un 
bassin tempere chaud a affinite subtropicale, par centre l 'Adriatique du nord serait 
une mer temperee froide. Un simple examen du Tableau 2 permet de constater les diffe
rences hydrologiques existant entre ces deux bassins mediterraneens, du mains en ce 
qui concerne la temperature et la salinite. 

Si les eaux Libanaises sont caracterisees par une temperature elevee durant la 
saison estivale, longue et seche (T = 30°C en aoOt) et une salinite annuelle moyenne 
au-dessus de 39~.;., par contre la temperature en Adriatique ne depasse pas 24°C en ete 
et chute a 8°C en hi ver, faisant ainsi de cette mer un bassin tempere froid. 

Ces differences hydrologiques retentissent sur la composition de la faune des 
scyphomeduses : deux especes seulement sont communes aux deux mers (Tableau 2): 
- Rhizostoma pulmo (Macri): espece d'eaux temperees et subtropicales, est la plus 

abondante sur les cotes du Liban, surtout entre mai et juillet. Elle est aussi 
commune dans le Golfe de Trieste au printemps et en automne, formant parfois des 
agregations. 

-· Cotylorhiza tuberculata (Macri)' : espece mediterraneenne profonde (Mayer, 1910), 
observee en Adriatique d' octobre a mai, parfois en accumulations exceptionnelles 
(Avian, 1986). Dans les eaux Libanaises, on l'observe entre juin et novembre en 
nombre limite. 

- Cassiopea andromeda (Forsskal ) : espece de mer tropicale, signalee en 1988 pour la 
premiere fois en Mediterranee orientale, en nombre limite (Goy et al.). II s'agit 
d' une espece de la mer Rouge migratrice vers la Mediterranee orientale. 

- Rhopilema sp. : cette espece tropicale non signalee encore en mediterranee, serait 
aussi une :forme migratrice a travers le canal de Suez. Elle a ete observee pour la 
premiere fois sur les cotes du Liban en grand nombre entre aout et novembre 1989. 
Elle .. atteint parfois un diametre de 40-50 em. B. Galil (com. pers.) en a fait 
une nouvelle espece : R. nomadica. 

Quatre autres scyphomeduses, non signalees des eaux orientales, sont presentes 
dans 1 'Adriatique septentrionale : 
- Chrysaora hysoscella (L.) : :meduse c6tiere, commune dans les mers temperees 

froides (Russell, 1970). Plus frequente· au printemps, elle a ete observee aussi en 
automne a Trieste. Elle est presente sur .·toutes les cotes adriatiques de juin a 
aoOt selon Riedl ( 1983). 

- Pelagia noctiluca (Forsskal) : scyphomeduse de mer temperee, totalement absente 
sur les cotes Libanaises; elle forme parfois des agregations tres denses sur les 
cotes adriatiques, causant des blessures aux baigneurs et des dommages aux plkheuts 

Tableau 1. Moyennes mensuelles de la temperature et de la salinite de surface au 
---large de la cOte Libanaise et dans le Golfe de Trieste. Les moyennes repre

sentent les observations sur ~ix annees consecutives : 1976-1986. 

r•c 8.L.• 19,96 18,80 19,53 20,75 23,85 26,98 28,07 29,46 30,01 26,45 24,55 20,26 23,02 
TS'* 8,81 8,08 8,81 11,61 16,45 20,69 23,00 23,69 21,69 18,49 14,59 11,08 15,85 

5%. B.L.• 39,10 38,85 38,65.38,89 38,98 39,15 39,20 39,60 39,50 39,17 39,15 39,12 39,25 
TSH 37,00 36,90' 36,33 36,87 35,57 31,27 34,70 37,13 36,43 36,80 37,83 37,90 36,23 

* Bassin Levantin; ** Golfe de Trieste 

Tableau 2. Composition des populations et distribution des scyphomeduses au large 
---de la cOte Libanaise et dans le Golfe de Trieste entre 1976 et 1989. 

REGIONS 

Especes/Saisons 

Chrysaora hysoscella (L.). 
Pelagia noctiluca (Forsskal) 
Aurelia aurita (L.) 
Discomedusa lobata Claus 
Coty1orhiza tuberculata (Macri) 
Rhizostoma pulma (Macri) ,. 
Cassiopea andromeda (Forsskal) 
Rhopilema sp. 

Med. Orient . 
(Cotes Lib.) 

XX 
XXX 

XX 
XXX 

-- = absent; X = rare; XX = commun; XXX = abondant 

XX 
XX 
XX 
XX 

Adriatique 
(G. de Trieste) 

XX 
X XX 
X XX 

XX X 
X X 
X XX 

X 
XXX 

X 

X 
XXX 

~~~;;t~~ ;~~~~!n~L ~) ~~!~~~ 1 ~~~~~polite des mers temperees froides(Russell, 197D)presente 
toute l' ann8e dans le Golfe de T rieste,principalement entre septembre et avril. 
-Discomedusa lobata Claus: esp8ce rare dans 1' Adriatique;signalee de d8cembre 3 mars 

dans le Golfe de Trieste (Avian,com.pers.) · 
Les scyphomedtises semblent etre des organismes dont la distribution. est fortement _ 

li8e aux conditions hydrologiques du milieu.Auss1 ,quelque~-unes pourra1er'lt etre cons1-
d8r€.es comme indicatrices 8cologiques. Les deux esp8ces m1grantes de ~a mer Rouge vers 
la Mediterran8e orientale ne sont pas encore des formes end8miq~es,ma1s ~es chang~ments 
ecologiques qui sont survenus ces derni8res ann8es dans le Bassin levant~n pourra1ent 
faciliter le phenomene d'implantation de ces deux especes comme c'est deJa le cas de 
plusieurs aut res especes planctoniques indo-paci fiques. 
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The Scyphomedusae off the Mediterranean Coast of Israel 
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The Scyphomedusae of the Mediterranean were the subject of some of the earliest marine 

research and are well known, but studies of the Levant basin fauna are scarce. The records of 

Scyphomedusae from the Israeli coasts are by Bodenheimer (1935): Aurelia aurita (L., 1758) and 

Rhizostoma pulmo (Macri, 1758), Fishelson (1983): Pelagia noctiluca (Forsskal, 1775) and 

Cotylorhiza tuberculata (Macri, 1778), and Spanier (1989): Cassiopea andromeda (Forsskal, 

1775). On the Egyptian coasts one can find Pelagia and Aurelia (Dowidar, 1983), and on the 

Lebanese coasts Cotylorhiza, Cassiopea and "Rhizostoma (Lakkis, 1971, 1974; Lakkis and 

Kouyoumjian, 1974; Lakkis and Zeidane, 1985; Goy et al., 1988). We can add Phyllorhiza 

punctata von Lendenfeld, 1884, new for the Mediterranean Sea, and Rhopilema nomadica n.sp., 

new for science, first found in the Indian Ocean and Red Sea and, like Cassiopea, a Lessepsian 

migrant medusa. Cassiopea andromeda is the first known Lessepsian Scyphomedusa. It was 

first recorded by Keller (1888) in the Suez Canal, again observed by Krukenberg (1888) (Lake 

Timsah) and more recently by Browne (1926) and Fox (1926) (Great Bitter Lake and Lake 

Timsah). The first record of C. andromeda in the Mediterranean was obtained from Cyprus by 

Maas (1903). Schafer (1955) reported the occurrence of very young specimens (2-30 mm) on a 

volcanic island near Thira in the southern Aegean, where the medusae flourished in rocky pools 

where water temperature reached 36oC due to volcanic activity. C. andromeda was recently 

reported from Lebanon (Goy et al., 1988) and Israel (Spanier, 1989). 

Phyllorhiza punctata von Lendenfeld, 1884, was known previously only from Australia, 

the Philippines and Japan. The single specimen from Israel constitutes the first and only record 

from the Mediterranean. -Rhopilema nomadica appeared off the Israeli Mediterranean coast in 

the mid-seventies. It has become fairly common in the past decade, appearing in ever larger 

numbers each year. R. nomadica has a nearly hemispherical umbrella. Exumbrella minutely 

granulate, granules fewer and blunter near margin. Margin of umbrella divided into 64 

rounded vellar lappets. Ocular lappets small, lanceolate, one third as wide as vellar lappets. 

Arm disc prismatic. Distal corners of oral pillars tuberculate. Subgenital ostium kidney-shaped. 

A pear-shaped, tuberculate papilla, interradially on sufumbrella, opposite ostial opening. Eight 

pairs of large scapulets; their upper sides bearing frilled mouths and numerous filaments. 

Mouth arms divided distally into two triangular lobes, bearing ventrally numerous frilled 

mouths and long filaments. Lowermost end bearing a vermicular appendage, terminating in a 

thin filament. 

Stiasny (1938) reported the presence of R. hispidum (Vanhoffen, 1888) from the Red Sea. 

That medusa differs from R. nomadica in having sharp conical warts on the exumbrella and 

swollen "club" appendages at the ends of the mouth arms as compared with blunt tuberculation 

and vermicular filaments of the latter. On examination, all of Stiasny's specimens from the Red 

Sea proved to be identical with our Mediterranean material. It is of interest that the juveniles of 

Alepes djedaba (Forsskal, 1775), a Lessepsian migrant carangid fish, are commonly found in 

association with R. nomadica, taking shelter under its umbrella and among the filamentous 

mouth arms. 

The mass appearance of a previously unknown Lessepsian migrant medusa off the Israeli 

coast is, unlike the seasonal proliferation or cyclical fluctuation of other Mediterranean 

medusae, the exponential phase of an intruder - a pattern recognized in other Lessepsian 

migrants. 
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Etude de Ia Repartition du Zooplancton dans les Mers Egee et lonienne 

I. SIOKOU·FRANGOU, M.·A. PANCUCCI·PAPAOOPOULOU at P. KOUYOUFAS 

Centre National de Recherches Marines, 16604 AtMnes (Grace) 

Dans le cadre du projet "Etude oceanographique des mers Egee et Ionienne", nous 
avons realise une etude comparatiVe de la repartition du zooplancton de la couche 
superficielle de ces deux mers. En aout et septembre 1987, des echantillons ant ete 
pris en 17 stations ( fi9. 1), par traits verticaux au filet WP-2, dans la couche 
au-dessus de la thermocline et/ou de l' halocline. Les donnees ant ete analysees par 
les methodes de la classification hierarchique et du quadrage mu ltidimensionne l' en 
utilisant l' indice de similarite de Bray-Curtis (Clarke & Green, 1988). 

Les resultats des analyses (fig. 2 et 3) ant revele une difference marquee entre 
la partie Nord-orientale de la mer Egee (groupe Q1) et les aut res stations tant de 
la mer Egee que de la mer Ionienne.C ette difference est due a l 'abondance du 
cladocere Penilia avirostris, de copepodites de Temota, de dolioles, d'appendiculai
res et du copepode Paracalanus parvus. En outre,Cii1n0te la discrimination des couches 
0-5 m et 5-25 m devant le detroit des Dardanelles. La couche superficielle (0-5 m), 
a la salinite tres basse (29.59 "/oo), est caracterisee par l 'extreme abondance de 
P. avirostris (4444 ind/ m3) et par la presence de P. parvus , des cladoceres 
Evadne terqestina et E. spini fera et de copepodites de Temora. La couche sous-jacente 
est beaucoup mains riche en zooplancton (343 ind/m3) et les adultes de Temora 
stylifera y sont abondants. Ce fait est a relier a l 'hydrologie complexe de la 
region : 
- D'une part, les eaux mains salees et eutrophes de la mer Noire franchissent en 
surface le detroit des Dardanelles et voient leur salinite augmenter vers le Nord et 
ensuite vers l' ouest, par melange avec les eaux de la mer Egee ( Theocharis et 
Georgopoulos, 1989). 
- D' autre part, des eaux tres sa lees en provenance de la mer du Levant entrent en 
mer Egee-Sud et s' avancent en profondeur jusque devant le detroit des Dardanelles. 
La difference de qualite des masses d'eaux en ce point se traduit par la composition 
di fferente du zooplancton. 

Les stations de la partie Nord-occidentale de la mer Egee sont groupees 
(groupe g2) au niveau 45~o de sirnilarite (fig. 2) avec les stations de la mer Egee-Sud 
.et de la mer Ionienne. Leur similarite est due a la dominance de Clausocalanus 
furcatus et de copepodites de Ofthona plumifera. 
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Fig. 2 : Analyse hierarchique Fig. 3 : Quadrage multidimensionnel 

Sur la figure 3, issue du quadrage multidimensionnel, on peut remarquer que la 
st. 7 du groupe g2 se t rouve pres des stations du groupe g1 , vo151nes geograph1quement, 
et ont meme certaines especes communes. D 'autre part, la st. 18 ( detl;"o1 t de Rhodes), 
bien que reunie a la st. 36 (mer Ionienne) sur la figure 2, en est b1en d1st1~cte sur 
la figure 3, cette position ·etant liee a certaines differences dans la compos1t1on 
specifique. La st. 18 y est positionnee plus pres des st. 19, 26 et 27 qu1 entourent 
l • ile de Rhodes et ceci est peut- etre dO a la presence des copepodes Corycaeus 
qiesbrechti, C. latus, C. typicus, Corycella rostrate et Calocalanus pavomnus. En mer 
Io nienne du Nord, la st. 38 est groupee tant avec les aut res stations de cette. mer 
qu'avec la st. 7 de la mer Egee Nord-occidentale. En effet, les st. 7 et :s, b1en 
qu • e loignees geographiquement ant en commun certa 1nes especes abondantes . C. furcatus, 
o. plumifera, p. parvus, copepodites de Clausoca lanus, Paracalanus et Te':'ora, 
p. avirostris. Cette compos1tlon est probablement llee a la salln1te plus basse 
qu'aux autres stations plus meridionales. D'ailleurs, il parait exister une Influence 
de la mer Adriatique sur la st. · 38, fait remarque deja par Greze ( 1963) et due a sa 
position au debouche de celle-ci sur la mer Ionienne. Les etudes anteneur:s en mer 
Egee (Moraitou-Apostolopoulou, 1972; Kiortsis, 1974) ont. d1stwgue le bassw. nord du 
bassin sud, tandis que Pavlova (1966) a signale les part1cular1tes de la regwn Nord
orientale. 
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The Cladocera of the Inner Bay of lzmir 

lsmet OZEL and Suleyman MAVIU 

Department of Hydrobiology, Ege University, Science Faculty, 35100 Bornova, lzmir (Turkey) 

The Gulf ot izmir can be divided into two parts topographically and hydrographically: 

an inner bay and an outer bay. The inner bay is situated in the eastern part of the Gulf 

of lzmir around the city and is connected with the outer bay through a channel (580 m 

wide and 18.6 m deep). This lagoon-like bay is sha.llow and the depth reaches 5 m to 

about 20 m.; the area is 65.5 km'. Large quantities of organic matter and industrial 

wastes of this dense!~ populated settlement are transportee by several outfalls and small 

rivers. So, inner bay waters are less transparent and th€ quantities of seston and nutrients 

are very high. 

A WP-2 nylon net with a mesh size of 200 11m was used. Zooplankton samples 

were collected by means of surface hauls for 5 min, at an approximate speed of 1.5-2 

knots/h. 4 stations were investigated (Fig. 1). 

T h e eu tr ophicated and very polluted inner bay may be divided into three parts: 

very polluted area (A), polluted area (B) and semipolluted area (C, D) (Kocata§, 1980). 

All six mediterranean Cladoceran species: Penilia avirostris Dana, Evadne spinifera P.E. 

Miiller, Evadne tergestina Claus, E. nordmanni Loven, Podon intermedius Lilljeborg and 

P. polyphemoides Leuckart have been found. Distribution and abundance . of these species 

show conformity to the dividing mentioned above and vary significantly in the investigated 

stations, and also depend on the various environmental factors (Tab. 1). 

Stations Temp. (°C) Sai.(O~ Sec.disc.(m) 

Min. ~ Min. Max. Min. ~ 
A 11.5- 26.0 34.9-37.6 0.80-1.75 

B 10.0-25.5 35.2-37.9 1.00 -3.20 

c 9.8-26.5 35.2- 38.0 1.30 -4.00 

D 9.5-27.0 35.1-38.6 1.50 -4.70 

Penilia avirostris is an euryhaline and neritic species. It is found most abundantly 

in july and November. Its quantity increases from the inner part to the channel. The pre

sence of this species in the inner bay may be explained by the existence of detritus. 

Evadne spinifera is a thermophilic species. It is found during the warm period, 

maximum in july and disappears in winter. It prefers clear waters, so it is absent in the 

inner parts (A, B), in relation with the decreasing of water transparency. 

Evadne tergestina is also a thermophilic species and is found in all stations in the 

warm period, from june to December, maximum in july. 

Evadne nordmanni is found occasionally in all stations, only in March and April 

(only in May in the outer bay). 

Podon intermedius is a typically psychrophilic species and is encountered in the 

whole inner bay (except in its innermost part) during the cold period, maximum in january. 

Podon polrphemoides is the indicator of both diluted waters and pollution. It is the 

most common and abundant Cladoceran species of the inner bay. Although a thermophilic 

species (Patriti, 1973), it is found in great numbers in the whole inner bay in all months, 

maximum in May (Fig. 2). 
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Surface dynamics of Cypridina multipilosa (Ostracoda; Crustacea) in 
the Gulf of Aqaba (Eilat), Red Sea 

T. ECHELMAW and L. FISHELSOW• 

'Marine Science Research Center, State University of New York·Stony Brook, Stony Brook, NY 11794-5000 
(U.S.A.) 

.. Department of Zoology, Tel Aviv University, Ramal Aviv 69978 (Israel) 

Numerous .taxonomic studies of zooplankton have been conducted in the 

Gulf of Aqaba, but few ostracod species have been reported (Echelman, 1989) 

and less is known of ostracod seasonal population dynamics. 

Ostracods were usually more abundant 2 km offshore than near the reef. 

They were quite rare in mid-day surface zooplankton collections (Echelrnan, 

1989), and in sea,onal night collections most abundant during February and 

March. The Ostracod collections included six species: ~ sp., ~ 

sp., Cypridina multipilosa, Cypridinodes sp., ~ sp., and Synasterope 

sp., of which only £.... multipilosa was numerous. Maximum £.... multipilosa 

abundances (419 m· 3) were observed during a relatively full moon (March 1, 

1988), at this time comprising 47.2 % of the total zooplankton ind. and a 

significant portion of the total biomass (86 .1 g wet weight m' 3 ). Horizontally 

this high concentration was quite patchy, where at a distance of less than 600 

m concentrations as low as 61 ind. or a total biomass of 8.3 g wet weight m· 3 

were observed. With the exception of these March abundances, maxima never 

exceeded 27 m • 3 and were generally .much lower. 

Ostracod maxima have been observed in the same season (February to 

April), in the Atlantic Ocean (Deevey, 1982) and Andaman Sea (Boonruang, 

1985), but reported maxima were much lower (24·46 ind. m' 3 ). To our knowledge 

only one other seasonal ostracod maximum has been reported, of similar 

magnitude to our findings during March 1988, and according to Paulinose and 

Aravindakshan (1977), this phenomena had previously been unreported from .any 

region of the world oceans. There in the northern Arabian Sea ~ 

~ was observed at concentrations of ca 179 ind. m· 3 , which set record 

zooplankton displacement volumes for the upper 200 m of the Indian Ocean, and 

appeared associated with swarming for planktonic mating and bioluminescence 

(Daniel and Jothinayagam, 1977; Paulinose and Aravindakshan, 1977). ·Like 

~ multipilosa., i<.._ ~ was observed in dense vertically migrating 

patches (Daniel and Jothinayagam, 1977; Paulinose and Aravindakshan, 1977). 

The assemblage of ostracod species from the Gulf of Aqaba appears 

similar to that of the Gulf of Suez, where seven species are known (Halim, 

1969). However, four of the six species from the Gulf of Aqaba, including: 

Conchoecia sp., ~ multipilosa, Cypridinodes sp., and Svnastorope ap. 

have not been reported from the Gulf of Suez or the Red Sea proper. For most 

planktonic taxa, more species are known from the Red Sea propeJ; than either of 

the two northern Gulfs; however, ostracods appear to be an exception to this 

trend· (Halim, 1969; Echelman, 1989). 

Aclr:novledglllents: The authors wish to express their sincerest thanks to Dr. R. 

Lerner-Seggev for her help in identifications, A. Cushnier and others for 

their help in collections, and the H. Steinitz Marine Biological Laboratory 

for providing facilities and equipment. 
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Associations congeneriques d'Acartla (Copepoda Calanoida) dans les 

Eaux COtieres Libanaises : Calcul des Indices d' "Overlap" et de "Niche 
hypervolume" 

Sami LAKKIS et Raymonde ZEIDANE 

Centre de Recherches Marines, ·CNRSL-UL, B.P. 123, Jounieh (Liban) 

Parmi les neuf especes d' Acartia trouvees dans les eaux cotieres Libanaises (Bassin 
levant in), six ferment des niches 8cologiques, notamment dans les baies semi-ferm8es 
et les ports. Les populations ·de ces congeneres montrent au cours de leurs succes
sions annuelles une coexistence et un phenomene d' over lap (Lakkis et Zeidane, 1987). 
La coexistence de ces esp8ces en essaims et en densit8 tres tHevee, indique qu'elles 
ant les memes exigences de6 facteurs 8cologiques (ressources naturelles}, mais une 
certaine competition entre elles montre que l 'equilibre ecologique n' est jamais 
atteint(Hamner et Carleton, 1979; Alcazar, 1983). Le concept de niche comprend deux 
tHements complement aires : le premier est 1 'Hypervolume occupe par une espece donnee 
dans un espace ecologique defini (Feoli et al., 1988) etl' autre est l 'Over lap qui con
cerne les ressources naturelles exploitees par les associes ainsi que leur competition 
(Hulbert, 1978; Giller, 1984). Plusieurs indices de calcul de l'overlap ont ete utili
ses, soit comme coefficient de competition, soit en tant que mesure de distance ou 
comme coefficient de correlation (Holt, 1987). Dans cet article, nous presentons les 
resultats des calculs des indices d' over lap et d' hyper volume chez les congeneres 
d'Acartia en utilisant des programmes appropries (Ganis, 1989). 

Les donnees sont basees sur des matrices de densite des especes comptees dans les 
echantillons planctoniques effectues taus les mois entre 1986 et 1988 dans deux stations 
c6tieres : station J,sitwle a l'entree de la baie de Jounieh (35°33'E;34°N) par 75 m de 
fond et la station P situee a l' interieur du port. Si la temperature de surface montre 
les memes variations saisonnieres en P et J (T 0 min.=17°C; T0 max.= 31°C), par contre 
la salinite qui fluctue faiblement autour de 39,30°100 en mer ouverte, subit des 
fluctuations importantes dans les eaux du port (S 0 1 00 = 32,38-38,70) en raison des 
d8versements d' eaux us8es de la ville et d' aut res sources. Par ail leurs, plusieurs 
sources de pollution affectent l 'eau portuaire, notamment les emissaires urbains et les 
derives d'hydrocarbure. Ce milieu portuaire semble constituer un biotope favorable 
aux especes d 'Acartia, ou la densite est beaucoup plus elevee qu' a l 'exterieur du 
port; les variations saisonnieres mont rent que la densite des populations est limitee 
entre fevrier et octobre avec des overlap entre les congeneres (Tab.1). Parmi les 
neuf especes presentes, six ant ete selectionnees pour calculer les indices d'overlap 
et d'hypervolume (Fig. 1). 
1 ). Programme SPRANG. Ce programme sert a preparer les matrices des valeurs minima et 

maxima pour chaque espece et pour chacun des facteurs ecologiques consideres 
( T0

' so I 00' Phytoplancton). 
2) Programme HYPERVOLUME. I l permet de calculer l 'Hypervolume des niches des congene-

res suivant la formule : HV=Pi(max-min) ou P est le produits des intervalles pour 
tous les facteurs et i le facteur ith, ainsi que la matrice des overlaps entre les 
niches suivant la formule : HV(a,b):Pi(min des max-max des mini) i, a et b etant deux 
especes le long des axes facteurs. Les resultats sont presentes tableau 2. Les indi
ces Hypervolume overlap sont calcules a partir des 2 formules : 
HVr (a,b)=(HV(a,b)IHV(a) + HV(a,b)IHV(b)l2 au HV(a) et HV(b) sont les hypervolumes 
des niches d'especes a et b, puis D(a,b)=OabiDa + DabiDbl2 au 0 represente les diago
nales des hypervolumes entre les deux especes a et b. Tableau 3A, nous avons les in
dices HV entre les 6 congeneres, on note qu'entre A. italica (n°4) et A. josephinae 
(n°5), HV est le plus eleve (0,989), cet indice d'hypervolume est par contre faible 
entre les autres especes. Tableau 3B, nous avons la matrice des 1•1dices Distance D 
entre congenrnes, D esttres grand entre A.· discaudata et A. grani (0=0,987 ,done tres 
eloignes ,et tres faible entre A. grani, A. italica et A. josephinae (0=0, 763) ,done 
congeneres plus proches. 
3) Programme OVERLAP. En plus des min et max pour chaque facteur et les intervalles 

pour chacune des especes, ce programme calcule l' information mutuelle MI et l 'index 
d'intersection relative: Rl=1-MIIlogN x T(N= nombre d'especes; T= grand total). 
RI prend en consideration 1 'overlap des intervalles, 1 'equitabilite et la richesse en 
especes. Si RI=1, cela veut dire qu'ily a overlap complet, s'il est eqal a 0, il 
n • y a pas d' overlap entre les congeneres; Tableau 4, l 'analyse de l' overlap pour 
facteur de salinite montre 0,99571, done overlap tres eleve entre les congeneres 
pour facteur so I . La figure 2 montre le dendogramme d' association entre les six 
congeneres,effect~es par analyse cluster sur base des matrices d'overlap et d'hyper
volume. Deux groupes d' especes mont rent nettement l 'association entre les especes 1, 
2,3 d'une part et entre 4, 5, 6 de l'autre. 
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Reproductive patterns of Pasiphaea sivado in the Ligurian Sea 

Lidia ORSI RELINI and Silvia PINCA 

\stituto di Zoologia. Laboratori di Biologia Marina ad Eco\ogia Animale, Via Balbi 5. 16126 Genova (ltalia) 

Pasipha.ea sivado occupies a key position in the food chains of the Ligurian 
sea, where it forms part of the diets of pelagic and benthic predators in a vertical 
apace of at least 700 m • Details of its distribution are given by FRANQUEVILLE 
(1971) and SARDOU and ETIENNE (1988) and of its trophic role by ORSI RELINI and 
RELINI 1989. Preliminary observations have been carried out on· the reproduction with 
the aim of assessing- its life cycle in the Ligurian Sea. 

About 2000 specimens were obtained by means of 52 hours of pelagic trawlinq 
(Isaacs Kidd Midwater Trawl 15 feet; R/V Minerva, c.N.R.; cruises in August 1987, 
July 1988, August 1989, December 1989, February 1990) mainly in the bathymetric 
ranges 300-400 and 600-700 m. About 1000 additional specimens were fished by 
commercial otter trawls on fishing grounds at 500-700 m depth off Ventimiglia, where 
glass shrimps represent a by-catch of Aris'teus an'tenna'tus. 

The shrimps were isolated, sexed and measured in terms of carapace length by 
calipers. Females were identified from 10 ·mm c.l. upwards by looking for the ovary 
under or through the thin and transparent carapace wall. The smallest males with an 
easily distinguishable appendix masculina were 10 nun c.l. The specimens under these 
sizes were classified as juveniles. The largest size was· 22 mm c.l. for both sexes. 

In the females the following reproductive patterns were recorded a) with 
ovarian eggs in advanced maturation; b) with embryos; c) with egg remnants 
represented by fixing stalks on pleopods. The .. reproduc~ng fema-1-es" are the sum of 
a+b+c. The embryos were classified in the following stages: 
l) unsegmented egg i.e. whose tracks of segmentation are not visible under the 

stereo-microscope. 
2) embryonic tissues extended to a third part of the egg contour line. 
3) embryonic tissues which cover half (or a little more) of the egg contour; eye 

pigmente appearing as a very small spot. 
4). embcyonic tissuee about 3/4 of egg volume: eyes and limbs evident. 
5) reserves consumed except the oil droplet; egg envelope easily broken. 

sex ratio and minimum reproductive size 
In pelagic catches the sex ratio is in favour of females (overall ratio 1.5:1), 

with negligible differences between the upper and the lower sampled levels. In 
demersal catches we have observed both sex ratio in favour of females and instances 
of sex-ratio near to 1:1. The minimum reproductive size for the female was 
established as the minim~ carapace length when bearing embryos. This size was 15 mm 
in aununer 1987; 16 mm in summer 1988 and 1989 and 14 nun in December 1989. 

Reproductive stages 
The reproductive structure of the female population was studied in pelagic 

(fig. 1) and demersal catches (fig. 2). Both included females with ovarian eggs in 
early and advanced maturation and bearing embryos of the stages 1-4. However 
recently delivered females are pre~ent only near the bottom (fig. 2). Supposing that 
after hatching eggs the female moults and mates - as is common in many Decapods - it 
ia probable that the partners meet and copulate in this bottom environment. 

During the winter we observed the same series of reproductive stages as in 
the swmnar. Moreover only in the winter samples were recordered some females with 
embryos of stage 5, i.e. hatching. 

Preaanca of parasites 
In the period of this study we observed increasing examples of the presence of 

a parasite of the genus Amallocystis (Protozoa, Ellobiopsidae) in both sexes of P. 
aivado (total incidence in the examined material 4.3%). Females affected by 
~raaitea ware never seen reproducing. 
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Distribution of the Zoea larvae of Ethusa mascarene (Herbst, 1782) 
(Brachyura, Decapoda) in the Aegean Sea 

lsmat OZEL and SOieyman MAVILI 

Department of Hydrobiology, Ega University, Sci~nce Faculty, 35100 Bornova, lzmir (Turkey) 

The family Dorripidae is represented in the Aegean Sea by Medorippe lanata 

(Linne, 1766) and Ethusa mascarene (Herbst, 1782), (Kocata~, 1981). The zoea larvae 

of them are similar, but they are easily distinguishable from one another by the dorsal 

spine -rostrum length and the presence or absence of a pair of spines on carapace. Descrip

tions of the larval stages of_ E. mascarone have been made by Kurian (1956), Bourdillon

Casanova (1960) and Heegaard (1963). However, the zoea larvae of only E. mascarene 

have been found in the plankton samples collected in the Aegean Sea. These larvae 

have also, previously been reported from several localities in the Mediterranean Sea: 

abundantly from the SW coast of Portuguese between june and September (Paula, 1987); 

from the Catalonia coast of Spain, only in june (Fuste, 1987); in the bay of Algeria, 

rarely in june-july (Seridji, 1970); in the Gulf of Marseille, from the begining of summer 

to the end of autumn (Bourdillon-Casanova, 1960) and in the vicinity of Mljet in the 

Adriatic Sea, common from May to November with maximum in May (Kurian, 1956). 

This study has been based on the zooplankton samples, collected with two conical 

nets, mesh size 0.569 mm and 0.330 mm by surface and vertical hauls in the Aegean 

Sea in April and june, 1977 and iQ the Gulf of lzmir in 1987. 

Totally, 287 specimens have been found in the samples which were hauled generally 

in surface waters from April to November. Mean Total lengths of the specimens are in 

accordance with Bourdillon-Casanova's (1960) measurements, except that in our material, 

Rostrum lengths are nearly equal to or longer than Dorsal spine lengths. And also, the 

average lengths at the stage IV are greater than her values (Tab. 1). 

Table 1.- Mean values (mm) of Dorsal Spine (DS), Rostrum (R) and Total Lengths (TL). 

Aegean Sea Marseille (B.C., 1960) 
~ _R_ _I!:_ ~ _g_ ~ 

Zoe a 2.060 2.104 4.758 2.15 2.00 4.80 
Zoe a [[ 2.933 3.147 6.808 3.50 2.50-2.75 6-8.00 
Zoe a Ill 3.792 4.054 8.787 4.00 3.00 8.50 
Zoe a IV 4.960 5.108 11.275 4.00 3.60 9.20 

Table 2.- Distribution of E. mascarene larvae and investigated parameters of the 
research stations (The last five stations are situated in the Gulf of lzmir). 

-Geographic 
location ~ N.Ind. Depths Temp. °C Sal.%o Date 

39°34'00" N Zoea I 24m 21.3 38.05 13.6.1977 

26°54'30" E 

39°30'30" N 

26°36'00" E 

39°27'00" N 

26°25'00" E 

39°02'30" N 

26°46'00" E 

38°44'00" N 

26°40'30" E 

38°43'00" N 

26°29'00" E 

30°40'00" N 

26°37'00" E 

38°28'30" N 

26°51 '30" E 

38°27'30" N 

26°47'30" E 

38°25'30" N 

26°39'00" E 

38°25'30" N 

26°48'30" E 

Zoea I 
Zoea [[[ 
Zoea IV 

Zoea I 

Zoea II 

Zoea Ill 

Zoea I 

Zoea II 

Zoea III 

Zoea IV 

Zoea I 

Zoea II 

Zoea I 

Zoea Ill 

Zoea IV 

Zoeai 

Zoea I 

Zoea II 

Zoea I 

Zoea II 

Zoeai 

Zoea I 

66m 

13 110m 

11 

187 40m 

42 

13 

70m 

110m 

?Om 

38m 

47m 

47m 

29m 

29m 

29m 

29 

21.3 37.95 13.6.1977 

22.3 37.92 12.6.1977 

21.5 37.85 11.6.1977 

19.4 38.70 11.6.1977 

15.0 38.72 19.4.1977 

21.0 38.70 28.6.1987 

22.8 37.88 27.7.1987 

20.1 37.60 10.10.1987 

23.5 38.40 7. 7.1987 

21.5 38.70 28.6.1987 

24.0 38.74 27.7.1987 

23.5 38.76 25.8.1987 

22.6 37.64 27.7.1987 

BOURDILLON-CASANOVA, L., 1960. Rec. Trav. Sta. mar. Endoume, Fasc. 30, Bull.18, 286p. 
FUSTE, X., 1987. Inv. Pesq. 51 (Sup!. 1): 277-284. 
HEEGAARD, P.E., 1963. Vidensk. Medd. fra Danks naturh. Foren., bd.125: 450-493. 
KOCATA~, A., 1981. Rapp. Comm. int. Mer Mooit., 27, 2: 161-162. 
KURIAN, C. V., 1956. Inst. Ocenogr. Riborstvo, Split VI(3): 1-106. 
PAULA, J., 1987. lnv. Pesq. 51 (Sup!. 1): 267-275. 
SARIDJI, R., 1970. Fac. Sci. L. Univ. Alger (Ph Thesis): 1-131. 
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P-V20 
Taux de filtration de I'Appendiculaire Oikopleura dioica Fol 1872 

R. FENAUX et G. MALARA 

URA. 716 Station zoologique, Observatoire ocaanologique, 06230 Villafranche-sur-Mer (France) 

Abstract. 
A method is described to determine the filtration rate of the 

appendicularian Oikopleura dioica and the variations of the ~ate with the 
animal size are given at 18° C. 

Methodes. 
Des individus de Oikopleura dioica sont places dans de l'eau de mer 

filtree sur 0.45 J.lm. On les force, au moyen d'une aiguille, a quitter leur 
logette. Apres qu'ils en aient reforme une nouvelle, ils sont transferes dans des 
flacons de 50 ml contenant de l'eau de mer filtree sur 0.45 1-1m a laquelle une 
culture monospecifique du flagelle lsochris_is galbcuza (4 1-1m de diametre) est 
ajoute. La concentration des flagelles est mesuree au compteur de particules 
HIAC equipe d'une sonde de 60 11m (echantillon de 10 ml ; canal de mesure 
calibre pour compter les particules de 3 a 6 J.lm). 

Les flacons fennes, sans air a l'interieur, sont fixes suivant les rayons 
d'un disque de plastique vertical de 50 em de diametre, tournant a Ia vitesse de 
4 tours I minute afin d'assurer une homogeneisation permanente du milieu. 
Deux flacons contenant Ia meme concentration de flagelles, mais sans 
appendiculaires, servent de temoins. Le nombre de flagelles est compris , 
pour toutes les experiences, entre 3000 et 4000 I ml et le nombre 

. d'appendiculaires par flacon a varie de 1 a 5 suivant Ia taille des individus. Les 
individus d'un meme flacon sont choisis dans une meme cia sse de taille de I 00 
1-1m et Ia moyenne est utilisee. 

La concentration des flagelles (cell/mi-l) est mesuree au debut eta Ia fin 
de !'experience pour les flacons temoins. La moyenne de ces deux mesures (A) 
sert de reference pour les flacons contenant 1es appendiculaires dont on mesure 
Ia concentration cellulaire (B) en fin d'experimentation. La duree des 
experiences est limitee a deux heures pour eviter les changements de logette 
pouvant amener des perturbations par Ia remise en circulation d'une certaine 
quantite de particules deja filtrees mais non ingerees et pour etre certain de Ia 
duree effective de Ia filtration. C'est pourquoi, seuls les flacons contenant des 
individus dans leur logette et sans logettes vides sont pris en consideration. 

Le nombre de cellules filtrees par animal dans les 50 ml du flacon et par 
heure est calcule par Ia formule : C = [ (A-B) I x) * 50] I H, 
oil x = nbre d'appendiculaires et H = tn- to (exprime en heures). 

Le volume filtre par individu et par jour est donne par V = (C I M) * 24 
avec M = (A+B) /2 representant Ia concentration moyenne entre to et tn. 

Reswtats. 
Nous avons obtenu, dans 30 experiences, les resultats suivants donnes en 
fonction de Ia longueur du tronc T.L. : 

L.T. 930 1007 610 675 860 847 1030 805 419 
ritl/J-1 202 209 20 39 49 101 127 64 4 

L.T. 417 340 755 870 860 884 548 900 1220 
ml/J-1 3 2 127 102 127 53 14 86 247 

L.T. 611 995 950 616 625 730 735 825 776 
ml/J-1 42 238 206 103 52 164 117 162 160 

2.5 

a 

5 1.5 
0 
~ 
::: 
E 
0> 
.2 a log y = 3.9811og x • 9.63 ( r2: 0.804) 

0 
2.5 2.55 2.6 2.65 2.7 2.75 2.8 2.85 2.9 2.95 3 3.05 3.1 

log longueur du tronc 

Conclusions. 
Les appendiculaires ayant un tronc inferieur a 400 1-1m, ont un taux de 

filtration tres faible. Rappelons que 0. dioica commence a filtrer apres Ia 
bascule de Ia queue qui se produit lorsque le tronc atteint environ 300 1-1m a 
18°C (calcul d'apres les donnees de R. Fenaux, 1976). Les adultes proches de 
Ia maturite filtrent plus d'un litre par jour. Les differentes valeurs que nous 
avons trouvees sont plus elevees que celles donnees par King (1981), pour Ia 
meme espece et Ia meme alimentation, ces differences sont Iiees a Ia 
temperature plus basse (13.5°C) utilisee pour !'experimentation. Nos valeurs 
sont proches de celles calculees par Gorsky (1987) pour O.dioica et Alldredge 
(1977) pour 0. longicauda et 0. fusiformis, mais, comme on pouvait s'y 
attendre, tres differentes des volumes calcules par ce dernier auteur pour les 
grandes especes, en particulier Stegosoma magnwn (plus de 35 litres par jour). 

Alldredge A.L. 1977. House morphology and mechanisms of feeding in the Oikopleuridae 
(Tunicata, Appendicularia). Journal of zoology, London, 181, 2, pp. 175-
188, 3 fig., 2 pl., 2 tab!. 

Fenaux R. 1976. Cycle vital d'un Appendiculaire : Oikopleura dioica Fol, 1872. 
Description et chronologie. Annales de I'Institut oceanographique, Paris, 52, 
1, pp. 89-101, 5 fig, 4 pl., I tab!. 

Gorsky G. 1987. Aspects de l'ecophysiologie de l'Appendiculaire Oikopleura dioica Fol, 
1872 (Chordata: Tunicata). These sciences, Universite P. et M. Curie, Paris 
VI, 102 p., 3 pl., 15 tab!. 

King K.R. 1981. The quantitative natural history of Oikopleura dioica (Urochordata: 
Larvacea) in the laboratory and in enclosed water columns. Ph. D. thesis, 
University of Washington, Seattle, VIII + 153 p., 30 fig., 19 tab!. 
(University microfilms international, Ann Arbor, Michigan, USA. n• 82-
12564). 
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P-V21 
Distribution du Tunicier pelagique Salpa fusiformis Cuvier a 

Villefranche : 13 annees d'observations 

J.-C. BRACONNOT , M. ETIENNE et M. MOITIE 

CNRS,UA. 716 Station Zoologique, Observatoire oceanologique, 06230 Villefranche-sur-Mer (France) 

En 1968 nous avons publie cinq annees d'observations des fnoquences de dis
tribution des blastozo1des de Salpa fusiformis. Cette espece est presente en hiver et au 
printemps dans les eaux de Villefranche O!Mi terra nee occidentale) <BRACONNOT 1968). 

De 1984 a 1989 des observations semblables ant ete reprises dans le cadre des 
travaux sur le rOle des herbivores du macroplancton gelatineux dans l'Scosysteme 
pelagique superficiel. Des p~ches verticales quotidiennes de 75m b. Om sont effectuees en 
un point B situe b. la sortie de la rade de Villefranche avec un filet de soie de 1m de 
diametre d'ouverture et 700)1m de vide de maille. Chaque peche filtre ainsi approxi
mativement 60 m" d'eau. Les resultats <figure) sont les logarithmes decimaux des ef
fectifs de blastozo1des recoltes dans chaque p~che. Toutes les peches sont prises en 
compte, quand l'effectif est nul le point representatif de la courbe de frequence est sur 
1 'axe des abcisses. Nous avons pu ajouter des resul tats com parables au merne point pour 
les annees 1974 et 1975. 

La comparaison de ces annees avec celles de la decennie 60 permet de degager 
quelques caracteres generaux des populations de l'espece dans nos eaux. On sait que 
l'efficacite du mode de reproduction des Salpes permet des pullulations qui s'etablissent 
en peu de temps <BRACON!!OT et al. 1988), cependant ces grandes populations ne se pro
duisent que si les conditions du milieu le permettent et ainsi toutes les annees ne sont 
pas semblables. 

On peut decrire plusieurs types de developpement des populations de Salpa 
fusiformis au cours des periodes favorables: 
- Le plus frequent est celui qui donne les populations les plus abondantes avec une 
invasion du milieu telle que les autres especes du plancton sont pratiquement eliminees 
au moment du maximum de population. Cela s'est produit pendant les annees 1960, 1963, 
1966, 1975, 1984, 1985 et 89-90. La saison debute par une presence irreguliere de 
1 'espece, de faibles effectifs, pendant les mois d'hiver (janvier b. mars>, puis la 
pullulation se praduit avec une presence constante d'individus en tres grands nambres 
dans toutes les peches <100 b. 1000 individus par pllche ou de 1,5 a 20 individus par rn") 
pendant un a deux mois <avril, debut-maD et disparition brusque et totale en rnai-juin. 
Ce sent 1es annl!es norjiUi1es. 
- D'autres annees se caracterisent par une population faible pendant toute la saison, 
aucune pullulation ne se produit. C'est le cas de 1964, 1974, 1988 et 1989: presence 
aleatoire, taujours en faibles effectifs « 1 ind/m"). Ce sont les annees faibles. 
- Un troisieme type d'annees, represente par 1965 et 1987, montre bien la premiere phase 
des annees normales, ne possede pas de grand develappement comme en annee faible, mais 
montre une troisieme phase de moyennes abondances qui s'etend jusqu'en juin et juillet. 
Ce sont les annl!es sp(!ciales-faibles. 
- En 1986 nous avons dU considerer un nouveau type que nous ne. pensions pas possible a 
Villefranche: annee nulle ou aucune population, rn~me faible, ne s'installe, seuls quelques 
individus epars etant recol tes pendant la saison. 

Une recherche des causes de ces differences entre annees permettra d iamorcer une 
etude a long terme des populations superficielles locales et done de celles du bassin 
Ligure qui- sui vent de pr~s celles de la cote comme nous avons pu le verifier de 
nombreuses fois (en annee nulle, 1986, la totalite du bassin Nord-Ligure etait exeropte 
de Salpa fusiformis, pendant les campagnes TROPHOS II et MIGRAGEL I; en annee 
d'abondance, le bassin est totalement envahi, cas des echouages simultanes a Ville
tranche, a Antibes et a St Tropez en 1979 l. 

3 

2 

I 
1 

~ ~l ,I I. 111~1 
OJFHAMJJASONDJFMRMJJASONDJFMRHJJRSONDJFMRHJJASOND 

1974 1975 1984 1985 

/1 I .Ill t~ I!!U I. IIi~ 
Q JFHAHJJASONDJFMAMJJASONDJFHRHJJASONDJFMAMJJRSOND 

1986 1987 1988 1989 

Au cours des campagnes de plongees 1:1vec CYANA, nous avons decrit une population de 
Salpa fusiformts persistante en toutes saisons vers 400-600m, probablement detritivore 
<LAVAL et al. 1989). En surface la population disparait pendant les rnois sans conditions 
favorables du milieu; la population de la saison suivante serait produite par des 
individus migrant depuis la population de prafondeur vers la surface et se developpant 
des que les conditions sont bonnes <nourriture suffisante, temperatures canvenables ... ). 
Dans cette hypothese, un tres petit nombre d'individus, injectes ainsi dans les couches 
de surface de janvier a mars, suffirait a produire en avril-mai une invasion du milieu. 
Ce processus fonctionnerait plus au mains bien selan les annt?:es comme nous liavons vu. 

REFERENCES: 
BRACONNOT, J.C. 1968. Distribution du Tunicier pelagique Salpa fusiformis a Ville
tranche/mer. ~P.P~ __ gomm. int. Ker }fedit.,l.'a. (3) pp. 481-482, 1 fig. 
BRACONNOT, J.C., CHOE, S.M., NIVAL, P., 1988. La croissance et le developp~""nt de Salpa 
fusiformis. Ann. Inst. oceanogr., 2.1. <2> pp. 101-114, 2pl. 
LAVAL, Ph., BRACONNOT, J.C., GORSKY, G., 1989. Organismes pelagiques profonds. Congres 
commun ~imnol. Oceanogr. }farseille-Luminy. Resumes. pp. 195-196. 
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P-V22 
Etude ultrastructurale de Ia morphogenese et des remaniements du 

revetement tunical au cours du developpement et de Ia metamorphose 
de Ia Larve de I'Ascidie Ascidiella aspersa (Tunicata, Ascidiacea) 

B. LUBBERING • G. GOFFINET et J. GOOEAUX 

Laboratoire de Biologie generale et de Morphologie ultrastructurale, Universite de Liege. 22, quai Van Beneden, 
B 4020 Liege (Belgique) 

Abstract : Tunic morphogenesis in Ascidiella asoersa was studied 
ultrastructurally from the very beginning up to the young ascidian. 
Tunic development starts during the tail-bud stage. In the trunk, the 
larval cuticle and three tunic layers arise successively; in the tail 
just the larval cuticle and a single tunic layer are formed. Shortly 
before metamorphosis, a new very thin layer appears that limits the 
tail tunic interiorly_ The tunic is composed of granular and fibrillar 
material embedded in an electron transparent ground substance. In the 
course of metamorphosis the tail is retracted. The larval cuticle and 
the first tunic layer are discharged- Then the young ascidian is just 
surrounded by a cuticle and one tunic layer. 

La structure de la tunique chez les larves d'Ascidies n'a fait 
1 'objet que de quelques recherches (Ciona intestinal is, Gianguzza et 
Dolcemascolo, 1980; Corella inflata et Ascidia paratropa, Cloney et 
Cavey, 1982; DL- ·:aplia occidentalis, Cavey et Cloney, 1984). 

Des embryons de Ascidiella aspersa ant ete obtenus sous le 
contr6le de conditions experimentales rigoureuses apres insemination 
artificielle des ovocytes. La segmentation de l'oeuf, du type 
bilateral et determine, est classiquement suivie des stades blastula, 
gastrula, neurula et bourgeon caudal. L' eclosion des larves a lieu 
environ 14 heures apres fecondation. La periode du stade tetard libre, 
capitale pour le choix du substrat de fixation, ne dure que quelques 
heures_ Aussit6t fixees, les larves subissent une profonde 
metamorphose-

Les premiers elements structuraux de la tunique font leur 
apparition au stade bourgeon caudal (embryons ages de 11 h 15) sous la 
forme d'un ruban discontinu de materiaux fibreux couvrant la membrane 
apicale de 1 'epiderme _ Ce depot consti tue la cuticula larva ire et est 
immediatement suivi de celui d'une premiere couche tunicale mince. Par 
1a suite, deux couches supplementaires de substances tunicales sent 
mises en place dans la seule region correspondant au futur tronc de la 
larve_ 

C'est ainsi que dans les embryons ages de 13 h, alors que 
l'epiderme de la region caudale n'est toujours limite que par la 
cuticula et une seule couche tunicale, la tunique du tronc presente 
une organisation plus complexe. La cuticula s'y presente comme une 
condensation de materiaux fibrillaires et granulaires disposes en 3 
feuillets de densites electroniques differentes. En dessous, la 
premJ.ere couche tunicale se compose de materiaux granulaires 
relativement denses mais sans organisation particuliere. La troisieme 
couche se caracterise par la presence de fibrilles dent !'orientation 
est generalement parallele a la surface de 1 'epiderme. Ces deux 
couches sent separees par une mince strate fibreuse plus ou mains 
compacta, la deuxieme couche tunicale. 

Cette organisation se retrouve dans la cuticula des larves au 
moment de leur eclosion, a !'exception de la cuticula qui apparait 
epaissie et depourvue de son organisation tripartite inititia1e. 

Durant le stade nageur de 1 'organisme, 1 'organisation de ·la 
tunique subit des modifications importantes. Au niveau de la cuticula 
et de la premiere couche tunicale du tronc, on assiste a une 
disparition progressive des materiaux se traduisant par une diminution 
accusee du contraste electronique alors que la troisieme couche 
s'epaissit considerablement et que la deuxieme couche apparait mince 
et contrastee-

L'epaisseur de la tunique de la region caudale ne varie pas, mais 
une perte des elements fibrillaires y est egalement evidente. De plus, 
lors du stade precedant la fixation de la larve, une lacune preparant 
probablement la retraction de cette region apparait entre la masse 
tunicale- et la membrane apicale de 1 'epiderme-

La metamorphose s'accompagne d'une resorption de la region 
caudale et du rejet de sa tunique. La tunique de la jeune ascidie se 
presente comme une simple couche tunicale limitee exterieurement par 
une cuticula. Les observations suggerent que la cuticula et la 
premiere couche tunicale larvaires sent abandonnees et que la deuxieme 
et la troisieme couches tunicales larvaires deviennerot respectivement 
la cuticula et la couche fondamentale de la tunique de la jeune 
ascidie. 
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R-Il 
IAEA - 307 : A New Biological Reference Material for Marine 

Environmental Radioactivity Studies 

A. VEGLIN , S. BALLESTRA'' and D. VAS" 

'Centre Scientifique de Monaco, 16 boulevard de Suisse (Monaco) 
"International Atomic Energy Agency, International Laboratory of Marine Radioactivity, 19 avenue des 

Castellans (Monaco) 

A laboratory intercomparison exercise to determine the levels of 
natural and artificial radionuclides in a homogenized sample of sea plant 
(Posidonia oceanica) was organized by the International Laboratory of Marine 
Radioactivity (IAEA) in 1988-1989. The sea plants were collected along the 
shore from the vicinity of Monaco in October 1986 and were assumed to be 
contaminated by both global and close-in radioactive fallout from the accident of 
Chernobyl ( 26 April 1986). 

TABLE 1 

Reference activity values 

Radionuclide 

Potassium-40 
Ruthenium-lOS 
Silver-110m 
Caesium-134 
Caesium-137 
Radium-226 
Plutonium-238 
Plutonium-239, 240 
Americium-241 2 

Recommended value, 
Bq kg_, 

150 
33.5 

5.1 
1.6 
4.9 
3.1 

0.025 
0. 72 

0.036 

Confidence interval 
Bq kg-' (a=0.05) 

141-161 
30.0-36.5 
4.8-5.5 
1.5-1.9 
4.5-5.2 
2.1-4.4 

0.022-0.028 
0.66-0.79 

0. 030-0.050 

f. Activities are expressed on dry-weight basis (constant weight at 80°C) 
for the reference date : 1 January 1988. 

2. Recommended value for reference date only. Ingrowth from any 241 Pu 
present will alter value if 24

' Am is measured in the sample during 
some subsequent year. 

Sixty-six laboratories from 31 member state countries reported 
results for 34 natural and man-made radionuclides in this reference material 
(IAEA-307). The large participation made it possible to generate statistically 
valid recommended values for the activities of 9 radionuclides in this material 
(Table 1). Non-certified information values were generated for 4 radionuclides 
(Table 2). This reference material IAEA-307 was certified as a reference 
material from this exercise and made available for distribution in 1990. 

TABLE 2 

Non-certified activity values 

Radionuclide 

Strontium-SO 
Lead-210 
Thorium-228 
Uranium-238 

Activity' 
Bq kg_, 

0. 72 
58.5 
3.2 
14 

Confidence interval 
Bq kg-' (a=0.05) 

0.28-1.6 
40-91 

1.5-4. 2 
2. 5-21 

1. Activities are expressed on dry-weight basis for the reference date 
1 January 1988. 

Recommended concentrations represent overall median values 
calculated from the results that passed a non-parametric test that identified 
outliers (1) and which satisfied a number of other selected quality criteria (2). 
Confidence intervals were calculated from statistical tables and correspond to a 
significance level of 0. 05. 

The total number of outliers from the 415 reported results was small 
(about 8% of all results) and varied between 0 and 3 per laboratory. Twenty 
laboratories submitted results that included at least one outlying value. 

The reference material IAEA-307 is certified for use to evaluate the 
accuracy of radioanalytical procedures for biological materials, and when 
checking precision among analysts in a laboratory. 
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R-12 
Gamma Emitters in IAEA"s SD-A-1 Marine Sediment lntercomparison 

Sample 

lolanda OSVATH 

Environmental Radioactivity Research Laboratory, Institute of Meteorology and Hydrology, Bucharest (Romania) 

SD-A-1 is a deep-sea sediment sample, collected in 1985 from the Atlantic floor 
<between 46° - 48°30' N and 18° - 22° E, depth 11reater than 4000 m), < IAEA, 1988). A 
box corer was used for sampling. The top 15 em of the resulting sample having been 
reooved, the remaining ma.terial was a.ssumed to have artificial radionuclide 
concentrations at or below detection 1 imi ts. Tb~ intercomparison run, orp;anized by 
the International Laboratory of Karine Radioactivity durinR 1986-1987, certified the 
values of some natural radionuclide concentratiQno in the sample, which thus became 
reference material, also recomme:nded as a blank for artificial radionuclides. 
Results for K-40 and Ra-226 are synthesized in Fig. 1, respectively Fig. 2. 

In our laboratory. we have analysed an aliquot of lOOg of the sample, using 
high resolution, low-background gamna spectrometrical equipment. Three measurements 
were performed, with the counting time ranging between 30 and 61 hours. Data were 
processed according to !Llffi requests. 

Two problems regarding data interpretation ask for attention, leading to 
conclusions of interest for the gamma spectrametrical analysis of sediment samples. 

1. Among the Ra-226 concentration values reported by tlle participants, the ones 
obtained through gamma spectrometrical analyses were assesed by two methods: 
·a. directly, from the 186 keV photopeak, and 
b. indirectly, from Pb-214 - Bi-214, assuming them to be at equilibrium with Ra-226. 

Under normal sealing conditions <sample in closed plexiglass beaker>, even at times 
mucll longer than needed for equilibrium to be attained among Ra-226 daugllters , a dis
equilibrium factor of 1.3-4 persists. It is due to the great diffusivity of Ra-222, 
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part af which can consequently leave the sample. This is not the case witll the thorium 
series, due to the relatively short half-life of Ra-220, the Ra-228<Ac-228l/Pb-212 
activity ratio being very close to unity. These statements are based on a large aDDunt 
of :measure~~ent data resulting from marine as well as river and lake sedi~~ents. 

The conclusion can be drawn that the activity concentration of the Ra-228 in 
the sample cannot be assimilated to the Pb-214 - Bi-214 activity concentration. 

2. Activity concentrations are reported for Tl-208, which appear to be 
calculated using different values for the yield of its gaiiiiiB line at 583.1 keV. 
According to the disintegration sche""' of the thorium series <GUSBV and DIUTRIBV, 
1978), when equilibrium is reached in a closed sample, as pointed out in pp. 1, the 
Pb-212 - Bi-212/Tl-208 activity ratio approximates the branching ratio <BR=O. 36>. 

This BR has to be considered when calculating the Tl-208 activity concentration 
from its 583.1 keV line. 

The sa:me explanation also accounts for the large scatter in Tl-208 data 
reported in the !AEA-306 Baltic Sea sedi~~ent intercomparison run < IAEA, 1989>: they 
obviously group around two values, which differ from one another by a factor which 
closely approximates the BR. 

Regarding U-235, although itself was one order of magnitude below our detection 
limit, the sample spectra showed clearly the presence of its gamma emiting daughters, 
like Th-227, Ra-223 and Bi-:211. Xost of the important gaJDDa lines of the daughters 
are usually shielded by those of radionuclides in the U-238 and Th-232 series. 
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Stable Element Variation in Sediments and Macrophytes from 

Rumanian Black Sea Coast the Last Decade 
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"Institute for Physics and Nuclear E~gineering. Bucharest (Rumania) 
""Polytechnical Institute. Faculty of Chemical Technology, Bucharest (Rumania) 

Bottom sediments on the Rumanian Black Sea coast as wei I as the 
algae Enteromorpha linza and Ceramium rubrum sampled during 1989 from 
the sea beach were analysed by !NAA for determining certain selected 
stable elements. During the last ten years an increasing concentration 
in ~n, Cr, As, Sb, Se and Hg was observed. Co was found decreasing in 
sed1ments and Enteromorpha I inza but increasing in Ceramium rubrum. 
Sc was found decreasing in sediments but slightly Increasing in algae. 

Sediment samples from the bottom of the Rumanian Black Sea 
(4S•08'N, 29°57'E, to 44°08'N, 28°57'E, 12-17 nautical mi Ies offshore 
and 29-43 m depth were collected ~ogether with E. Iinza and C. rubrum 
on the sea side beach during March-June 1989. After rinsing the algae 
the samples ·were dried. The samples were analysed by !NAA. About 100 mg 
of each sample were irradiated along with an equal quantity of stan
dards under same conditIons In the VVRS-2 reactor 1 n Bucharest ( f 1 ux 
10•

2
-

13 
n/cm

2
sec). Counting has been performed by using a Ge(Li) 

detector (2.8) keV resolution coupled with a pulse height analyser. 

The results obtained In this work concerning As, Co, Cr, Cs, Hg, 
Sb, Sc, Se, Th, U and Zn are given in Table 1. In a previous paper it 
has been out I i ned that the content of the se 1 ected stab I e e 1 ements was 
increasing in E. Ilnza and C. rubrum during 1986 <SALAGEAN et a!., 
1988). Nowadays, four years later, the concentratloJ! of As, Co, Sb, Hg 
and Zn was found increased. Also Sc was found increased in C. rubrum 
while in E. linza was decreased at S. Eforle but increased at Man
galla. The mean value as a whole of Sc in E. linza is about the same as 
before. Uranium is almost constant in both algae while Th is slightly 
increased in C. rubrum. In the bottom sediments at Portltza sampling 
site at the south of Danube river, higher ·concentration of the elements 
was observed than at the other sampling sites: Zn (615 ppm), Cr ( 130 
ppm), As <8.4 ppml CSALAGEAN eta!. 1988). The Cs value (8.9 ppml 
related to illite presence explains the highest accumulation of Cs-137 
at Portitza site. 
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Modelling Cesium, Cobalt & Strontium Accumulation in Painted 
Comber, Serranus scriba 

C . .V. NOLAN" . S.·W. FOWLER" . J.·L. TEYSSIE" . M. BULUT .. and 0. de Ia CRUZ·ROORIGUEZ" .. 

•LA.E.A. International laboratory of Marine Radioactivity, 19, Av. des Castellans {Monaco) 
.. C.NAE.M. Radyobiyoloji 81.. Pk. 1, Havaalani. Istanbul (Turkey) 

···secretaria Ejecutiva Asuntos Nucleares, P.O. Box 6689, Havana (Cuba) 

Radionuclides of cesium, cobalt and strontium may be introduced into the marine enviro:'ment in 
global fallout and in civil nuclear discharges. Since they may be accumulated by biota a1d 
transferred through marine food chains, it is important to quantify. relevant transport processes !n 
order to predict any risks to consumers wh1ch ~~y be associated with such. transfers. Thts 
involves identifying pathways as well as determtmng the extent of accumulatton at dtfferent 
trophic levels. One approach used in assessing the. acc':lmulation of radioactivity involves .the 
use of concentration factors (CF} - defined as the rad1oact1vtty per umt wet mass of an o_rgantsm 
divided by the concentration of radioactivity in the water. CFs have been determtned for 
radionuclides in many species both in situ and in laboratory experiments. Generally, laboratory 
exposures tend to lead to underestimates of CFs measured in situ • perhaps because of too
short exposure periods in laboratory aquaria or because of non-representative diets of the test 
animals or of the physicochemical speciation of the radionuclides in the test system (1). In th1s 
presentation we report the application of a three-compartment model whtch allows the CF of a 
radionuclide to be predicted in fish predator species. The model also allows estimates to be 
made of the time required to reach steady-state conditions and diff~rentiates betwe~n the 
contributions of food and of water vectors to total uptake. Here it IS used to predtct the 
accumulation of 134-Cs, 60-Co and 85-Sr in the painted comber, Serranus ~cribs, ~sing 
laboratory-determined accumulation and excretion rate data as well as the ass1milat1on efficiency 
for these radionuclides after ingestion of a radiolabelled prey organism - juvenile flathead grey 
mullet, Mugil cephafus. 

Description of Model: The model is a slight modification of that described by Aoyoma & Inoue 
(2). From water, of radionuclide concentration W, both predator and prey ·accumulate 
radioactivity at the rate 1<20 and K10 respe:ctively. Both species also excret~ ac~~;Jmulated 
radioactivity at the rates 1<20 and K10. In add1t1on .the predator accumulate~ radto~ctivity at the 
rate K12 through consumption of the prey organtsm. The parameter K12 IS equt~alent .to the 
product of the assimilation efficienc.:y and the feeding rate (expressed as the daily ~at1on as 
percent of the total body weight). The radioactivity in the predator at any time (t) is eqUivalent to 
the sum of water (WATER) and food (FOOD) vectors. 

WATER ~ W*K02/K20 * (1-EXP(·K20*t)) 
FOOD= W*K01*K12* {[1/(K10*K20)J + {EXP(·K10*t)/(K10*(K10·K20))] + {EXP(·K20*t)/(K20*(K20·K10))]} 
Since the uptake and loss rates in the prey can be expressed in terms of those of the predator 
then the expression describing uptake from food can be reduced to: 
FOOD~ 2.09*W*K02*K12*{1.8+EXP(-2.8*K20*t)·2.8*EXP(·K20*t)JI{5.04*K20*K20] 

Estimation of parameters: Serranus scriba (28±4 g) captured near Monaco were used. (i) 
Accumulation from water: Four fish were exposed to 60-Co (450 Bq/1), 134-Cs (450 Bq/1) and 
85-Sr (7500 Bq/1) for 30 days in individual 20-litre aquaria containing 10J.Im-filtered seawater. The 
water was changed and the radionuclide concentration re-established every second day. The 
animals were routinely wholebody-counted under anaesthesia in a calibrated 2"x3"Nal well-type 
detector and the rad1onuclide content determined by comparison with known standards. The 
accumulation rates, normalised to unit radionuclide concentrations in the water, were calculated 
by linear regression of radionuclide content vs. time (Table 1 ); (ii) Excretion: Four fish were fed a 
single ration of grey mullet containing 92.5 kBq 60-Co, 18.5 kBq 134-Cs and 18.5 kBq 85-Sr. The 
animals were maintained for 37 days in aquaria with constantly flowtng seawater and wer~ fed 
daily with non-contaminated mullet. They were regularly wholebody-counted as descnbed 
above and the loss rates were determined by fitting a double-expone~tial decay curve to th~ data 
(Table 1); Qii) Assimilation efficiency for a single feed!ng t;:ould be estlf!Jated from the equatlo~ of 
the excretion curve. A second estimate was made us1ng hnear regresston of wholebody-counting 
data for four fish which were fed daily for 75 days with radiolabelled mullet (20% of the 
radioactivity used for the single feeding) vs. time (Table 1). 

Table 1. laboratorv values for the oarameters used and the conseauent oredictions. 
60eobalt 134cesium 85strontium 

Uptake 0.087*t- 0.024 0.201*t- 0.036 0.024*t + 0.014 
K02 0.087 0.201 0.024 

loss (Fast Pool) 0.91*EXP(-2.1*t) 0.53*EXP(-12*t) 0.98*EXP(-2.6*t) 
loss (Slow Pool) 0.09*EXP(-0.015*t) 0.46*EXP(-0.018*t) 0.02*EXP(-0.026*t) 

1<20 0.032 0.0175 0.0256 
Assim. Elf. (loss) 9.5% 46% 2.0% 
Assim. Elf. (uptake)9.3% 35% 3.8% 

K12 0.0942 0.4410 0.0292 
CF (from Water) 5.7 11.5 0.93 
CF (Food & Water)32.0 33 1.02 
Cont. of Water 18% 35% 91% 
90% St.-State at 170 days 150 days 90 days 

Assumptions made In model: It was assumed that (a) in an exposure situation the radionuclide 
concentration in the water would remain constant with time (this is considered to be valid for 
global fallout and for routine civil nuclear discharges but is not necessarily so for accidents etc.)· 
(b) the excretion rate is independent of the route of uptake of the radionuclide; (c) in the natural 
environment the predator consumes a daily ration equivalent to 10% of its body weight in four 
separate feeds (each feed equivalent to 2.5% of the body weight of the predator); (d) the 
accumulation and excretion processes in the prey organism are functionally identical to those oj 
the predator and are proportional to a power function of body weight i.e. Accumulation A 
WeightO.so and Excretion A WeightcJ.72 (3). Thus the accumulation rate from water in the prey 
would be 2.09 times that of the predator and the excretion rate would be 2.8 times that of the 
predator (4). 

Simulations and Predictions of Model: Accumulation of the radionuclides by Serranus scriba 
during 300 days of exposure was simulated using this model with initial conditions of zero 
radioactivity in predator and prey at time zero and assuming that the concentration of each 
radionuclide in the water remained constant at unity (W = 1) during the exposure. The 
predictions of the model are presented in Table 1. Accumulation is given in terms of CF. No 
accumulation of strontium beyond the levels in the water is seen (CF = 1) and more than 90% of 

~~:J%~~~n7ry uc~~~~~ ~:t a~r;;a!s; f~~~ ~er:sa~~~ti~~~~ ~Tt~~~~~a~rbi~ltaa~;~~~~~;~n~ 
vector for the former during accumulation (35% vs. 18% of total uptake). In all three cases more 
than 90 days are required to reach CF values equivalent to 90% of the steady-state values. The 
predicted CF values are in excellent agreement with field-measured CF values for these 
radionuclides in fish (1, 5) and both the time required to reach steady-state values and the 
significant contribution of diet to total uptake of cesium and cobalt may explain why laboratory
determined CF values tend to underestimate those measured in situ. This work demonstrates 
the value of simple laboratory studies and their application in relatively unsophisticated models in 
the prediction of pathways of accumulation and the importance of trophic transfer in the 
movement of radionuclides through marine food chains. 
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Distribution of Technetium in Mytilus edulis 
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The artificial element 43, technetium, is a metal which was virtually absent from 
the natural environment prior to the nuclear age. The most important isotope, from 
the radioprotection po1ft of view is Tc-99, which decays to stable Ru-99 with a 
half-life of 2.1 x 10 years. Once in the aquatic environment, Tc-99, which is 
highly soluble and mobile, would probably remain available for quite a long time. 
It was, thus, of interest to improve our knowledge on the biological behaviour of 
technetium in aquatic organisms. The mussel, Mytilus edulis, is a choice organism 
for investigating not only the uptake and loss processes, but also the tranfer 
along the food chain. 
In previous studies, we have shown that technetium was accumulated mostly in the 
hepatopancreas (Verthe et al., 1984 ; Bouquegneau et al., 1985}. On the other hand, 
it is well known from the 1 iterature that mussels are capable of synthesizing 
metal-binding proteins when they are exposed to heavy metals such as cadmium, copper 
and mercury (Noel-Lambot, 1976 ; Frazier, 1986 ; Viarengo et al., 1980 ; Roesijadi, 
1982}. 
In our recent investigations we have observed that in mussels exposed to technetium 
(Tc-95m} for about three weeks, an important accumulation occurred in the 
hepatopancreas, where more than 50% was present in the cytosol compartment. However, 
analysis of cytosol fractions by column chromatography and by the Cd-109 saturation 
method (Nolan and Shaikh, 1986} did not reveal th_~ presence of metallothioneins in 

~~!rna ;:m:u~~~~~t~~\i~~ou(2~~0 ~;e~s_ r}i,th s~~ee~g ; go:~-9~ ~d~~t~~~tr::::c~::m~~m, t~~ 
synthesis of metallothioneins (both Cd-BP20 and Cd-BP10 ; Frazier, 1986}. 

Our results suggest that, in contrast to cadmium, technetium is incapab_\e of 
inducing the synthesis of metallothioneins, at the concentration of 200 ~g l • It 
would be of interest to investigate whether at higher concentrations, technetium has 
an inductive capacity and whether this element can bind to metallothioneins 
previously induced by other metals present in the marine environment. Another 
important question to be resolved is whether technetium can be sequestered in 
intracellular granules, as shown for other metals (Fowler, 1987 ; Chassard-Bouchaud 
et al., 1989}. 
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Chromate Bioavailability in Two Benthic Invertebrates 
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ThE· .;;:l•,:.:.····umulation snd elimination of he><avalent Cr·-51 

i. n t ftt? mo I !uses ~.ll..§LL.ld-12.1.2_ ~-!d.!:~ and ~~~ g_~L2...E£_q_yjJ:l.-= 
£..i.llll was studied. The uptake experiments lasted 27 days and 
the conce-nt.r·at jon factors found were 4. 3 for Ven~t...1!EJ....§. sp . 
and 6.1 tor t\Y_!.il'd§. sp. while the biological half lives were 
96.8 and 51.1 days, r-espectively. The distribution of Cr-51 
in the body of both species was also determined. 

Chromium is released into the atmosphere because of 
ferrochrome production, ore refining, combustion of coaJ, 
etc., and eventually finds its way into the sea. Moreover the 
discharge of effluents by the plating, tanning and textile 
industries is another source of chromium into the marine 
environment. The presence of radioactive Cr-51 in the marine 
environment has been pointed out by several investigators 
CPDLIKARPOV, 1966). Cr-51 is derived from nuclear tests and 
from the disposal of liquid radioactive waste of atomic 
plants and 1s also a corrosion product of nuclear power 
ships. It has been reported that certain marine organisms are 
able to concentrate Cr-51 in the trivalent or hexavalent 
state <CHIPMAN, 1966, PAPADOPDULDU et al. 1986, PAPAOOPOULOU 
and STAMOULI, 1989). ln order to extend our knowledge on the 
accummulation of Cr-51 by various edible mollusc species we 
studied the bioavailability of hexavalent Cr-51 in Venerupis 
~and Mytilus galloprovincialis. The uptake of trivalent 
Cr-51 in the same mollusc species has been investigated in a 
previous paper <STAMDULI and PAPADOPOULOU, 1988). 

Several individuals of Venerupis aureus and Mytilus 
galloprovincialis were sampled from Salamis Island in Saroni
kos Gulf <Greece). Sea water was also taken from the same 
area. Two uptake experiments were performed for each species 
<n=10l at a temperature ~2ooc and salinity 38%, using the 
gamma emitting radioisotope Cr-51 <H.L. 27.8 dl as sodium 
chromate (40 ~Ci/18 I sea water). The experiments lasted 27 
days. In order to determine the distribution of Cr-51 in the 
body of the molluscs certain individuals from each species 
<n=4) were dissected at the end of the uptake experiments and 
the Cr-51 activity in the different parts of their body was 
counted. In the remaining animals of each species <n=6l the 
elimination of Cr-51 was studied in order to determine the 
biological half life. Moreover leaching experiments per
formed by placing the shells in 0.5N HCL. 

In the first days of the uptake experiments the rate 
of accumulation was rather fast but gradually it became 
slower for both mollusc species. The concentration factors 
after 27 days reached the values K=4.3 in Venerupis sp. and 
K=6.1 in Mytilus sp. The distribution of Cr-51 in the whole 
body of both molluscs is given in Table 1. 

TABLE 1. Distribution pattern of Cr-51 radioactivity ('i(,) 

in the whole body of the two molluscs after 27 d exposure 

Organism 

Mytilus sp. 
Venerupis sp. 

Shell 

33.8 
12.3 

Soft parts Byssus Body fluid 

36.8 
48.3 

22.6 6.8 
39.4 

In the soft tissues of the species studied the distribution 
pattern of Cr-51 was found to be as follows: Mytilus sp.: 
Visceral mass 53.5%, muscle 7.4%, foot 0.9%, gills 28.8% and 
mantle 9.4%. Venerupis sp. Visceral mass 34.2% muscle 
15.4%, foot 1.7%, gills 17.2%, mantle 16.3%, ventral siphon 
7.4% and dorsal siphon 7.8%. The biological half life in 
Mytilus sp. was found to be 51.1d and in Venerupis sp. 96.8d. 

Low concentration factors were found for both mollusc 
species. It should be noted that in .our previous paper con
cerning the uptake of trivalent Cr-51 by the same species 
CSTAMOULI and PAPADOPOULOU, 1988) medium concentration fac
tors were found CK=55 for Mytilus sp. and K=47 for Venerupis 
sp.) These results are comparable to those obtained in 
another mollusc species, ~ verrucosa, where also low 
concentration factors were found for the uptake of hexavalent 
Cr-51 <K~2l but medium for the uptake of trivalent Cr-51 
<K~65l CPAPADOPOULOU et al., 1986, PAPAOOPOULOU and STAMDUL!, 
1989). In Venerupis sp. only a small part of the accumulated 
whole body radioactivity is found in the shell <12.3%>, in 
contrast to the results concerning the trivalent Cr-51 <STA
MOULl and PAPAOOPOULOU, 1988) where the larger part of the 
radioactivity (58.9%} was detected in the shell; in Mytilus 
sp. the fraction of hexavalent Cr-51 found in the shell 
(33.8%) is comparable to that of trivalent Cr-51 (35.2%). 
Among the soft tissues of both mollusc species viscera dis
plays the greater ability to accumulate the hexavalent Cr-51. 
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R-I7 
Selenium Assimilation in a Marine Copepod 

Nicholas S. FISHER" and John R. REIN FELDER" 

•Marine Sciences Research Center, State University of New York, Stony Brook, 
NY 11794-5000 (USA) 

A new method was developed for determining the assimilation efficiency of Selenium in 
marine animals feeding on Selenium-containing food. The experiments, which employed two gamma
emitting radiotracers-75 Se and 241 Am- to study the assimilation of Selenium ingested by the 
marine Copepod Ac.arlla ~. indicated that 97% of the ingested Selenium was retained by this 
animal after gut evacuation. Selenium showed a higher assimilation efficiency in Copepods than any 
other element, including Sulfur and Carbon. 

The assimilation of an element ingested by marine Zooplankton will determine the 
extent to which that element is biologically usable or toxic and well as the residence time of that 
element in surface waters. Those elements which show negligible assimilation by marine 
Zooplankton (e.g., the Lanthanides and Actinides) would not accumulate in biological tissue, the 
oceanic food web, or the organic cycle in general. They would be efficiently "packaged" by the 
zooplankton into rapidly sinking materials, generally in fecal pellets or exoskeletons which are 
periodically released during molting, and the Zooplankton would therefore serve to depurate the 
surface waters of these elements (FOWLER and KNAUER, 1986; FISHER and FOWLER, 1987). The 
oceanic residence times for these elements is characteristically short (WHITFIELD and TURNER, 
1987). In contrast, elements which show pronounced assimilation in the Zooplankton would enter 
into the organic cycle in surface waters and have much longer oceanic residence times than the 
unassimilated elements. These elements would therefore have lower concentrations in fecal pellets 
or exoskeletons than in body tissue or in the food upon which the animals had fed. Polonium has 
been well studied in this regard and has been shown to assimilate in the hepatopancreas of marine 
crustaceans (CHERRY eta/., 1983) and to associate in general with proteins in marine organisms 
(FISHER eta/., 1983b; HEYRAUD eta/., 1987). We have examined the assimilation of another 
group VIA element, Selenium, which may act as a Sulfur analog in aquatic organisms and which 
associates with selena-amino acids in Algae and higher plants (BROWN and SHRIFT, 1982). 

In a series of experiments, the small centric diatom Thalassjosjra pseudonana was 
labeled with two gamma-emitting radiotracers, 75Se, added as selenite (37-660 kBq 1-1, 0.136-
2.42 nM)) and 241 Am (18.5-37.0 kBq 1-1, 0.6-1.2 nM), cells were harvested from their 
radioactive medium and resuspended into 200 ml unlabeled seawater to give cell densities of 1.3 to 
2.1 x 1 o5 ml-1. These feeding suspensions then received 20 individuals of the adult copepod 
&arl.ia ~ and the animals were allowed to feed for 6 hours. During the feeding, the radioactivity 
of the cells, the ambient water (ie., in the dissolved phase), and the fecal pellets and eggs produced 
by the animals was monitored using a gamma counter with a Nal (T1) crystal as described in 
FISHER eta/. (1983a). 

The assimilation efficiency of the Selenium was determined by relating the 
radioactivity in the food and fecal pellets as described by the equation : 

Assimilation efficiency = 75Set241 Am (food) - 75Set241 Am {feces) 
75Set241 Am (food) 

The results indicated that the concentration of 75Se in the fecal pellets was always 
reduced by over an order of magnitude in the fecal pellets relative to the levels in the food. The 
mean assimilation efficiency from four different experiments, conducted months apart from each 
other with different batches of phytoplankton and animals, was 97.1± 1.5% (Table 1). Mass 
balance assessments of Se assimilation efficiency gave comparable values. Further mass balance 
calculations indicated that only about 1% of the ingested 241Am was assimilated. 

The results suggest that Se should readily enter the organic cycle in the ocean, perhaps 
acting as a S analog in marine organisms. The high assimilation in animals and association with 
amino acids in Algae are consistent with the observation that most of the Selenium in surface 
waters is in organic form (CUTTER and BRULAND, 1984). Its biogeochemical behavior is therefore 
similar to that of Po.The organic cycling of Se is probably responsible for its relatively long 
residence time --2.6 x 104 years--in the oceans (BROECKER and PENG, 1982). 

Table 1. Radioactivity of ingested and excreted material and assimilation efficiencies of Se 
calculated using the ratio method. 

Radioactivity (Bq J.Lg-1 dry wt) 
Experiment Food Feces Assimilation 

1 
2 
3 

REFERENCES 

Se 

2.99 
2.74 

12.65 
6.14 

Am Se/Am 

1.53 1.95 
1.19 2.30 
1 .44 8. 79 
0.65 9.45 

Se Am 

0.11 2.63 
0.05 0.55 
0.33 0.84 
0.26 2.12 

Se!Am efficiency 

0.04 
0.09 
0.39 
0.12 

98% 
96.1% 
95.5% 
98.7% 

mean: 97.1+1.5% 
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Radium and its Daughters in Bryopsis p/umosa 

Constantine DOVLETE 

f nVIfonmental Radioactivity Research Laboratory, Institute of Meteorology and Hydrology, Bucharest (Rumania) 

Among the spec1es of mar1ne biota fr(>m the Ruman1an sector of the 
BlacK Sea, the rad1oact1vity of Which has been systematlcally monitored 
s1nce 1984 (DOVLETE 1984, 1985, 1986 and OSVATH 1987, 1988, 1989), the 
~ ~ green alga stands out due to the great values of its 
alfa and beta radioactivity. High resolutlon gamma spectrometrical ana
lysis shows that these are to be attrlbuted to Ra-226, Ra-228 (radlonu
clides belonging to the uranium-radlum, respect1vely thorium radloac
tlve series) and their daughters (GUSEV and DIMITRIEV, 1978). An aver
age radionuclidic composision of Bryopsis P..l.JJ1!lQM is presented 1n Table 
1 (natural radionuclides only). 

Table 1. Natural gamma emmitting radionuclide concentrat1ons 
(Bq Kg · 1 fresh weight) at 320 days after sampling 

Ra-226 Pb-21'! Bi-21'! Pb-210 Ac-228 Pb-212 Tl-208 K-'!0 

6'!2!6 '!37!2 400!2 9!2 250!3 67!1 24!4 75!3 

Regarding the members of natural radioactive series identified in 
~ ~. the following relevant activitY ratios were studied: 
Ra-226/Pb-21'!, Pb-214/Pb-210 for the U-Ra series and Ac-228/Pb-212 for 
thorium series. The activity of the i-th radionuclide in a radioactive 
series at time t is given by: 

Eq, (1) 

where: ;...i ~ decay constant coresponding to i-th nuclide 
N

0 
= number of parent nuclei at t~o 

Values of the Pb-21'!/Pb-210 and Ac-228/Pb-212 activity ratios, 
computed using Eq. (1) and from radionuclide concentration data obtained 
direct 1 y by gamma spectrometrical analysis of the samples are presented 
in Tables 2 & 3 for various values of time T elapsed after sampling. In 
computing ratio values by applying Eq. (1) the hypothesis was made that 
Ra-226 and Ra-228 were the parent radionuclides of the ser1es in the 
sample, which indicates that ~ ~ assimilates only the 
radium isotopes from its environment. The good agreement between calcu
lated and measurement derived values (Table 2, for higher values of T, 
and Table 3) confirms the hypothesis, leading to the conclusion that 
t:Qe alga does not concentrate uranium or thorium isotopes but onlY 
radium isotopes from the environment. This conclusion is validated by 
the discrepancy between experimental values of the Ac -228/Pb-212 act i
vity ratio and the theoretical ones according to which Th-232 is assim
ilated by the alga (Table 3). The discrepancy between theoretical and 
measurement-derived Pb-21'!/Pb-210 ratio values given in Table 2 is due 
to the difficulties for measuring Pb-210 by applying gamma spectrometry 
because its concentration is near the detection limit for lower values 
of T. The discrepancy obviously decreases with time, as Pb-210 concen
tration increases through the usual ingrowth process characterising 
radionuclides in a radioactive series. From this it can also be con
cluded that the alga does not assimilate Pb-210 from its environment, 
but all the Pb-210 in the sample are the decay products of Ra-226 
assimilated by the living plant. 

Table 2. Pb-214/Pb-210 Table 3. Ac-228/Pb-212 
activity ratio activity ratio 

T (days) 2'!0 320 1000 T (days) 240 320 1000 

experimental 81 '!8. 7 13. 5 experimental 5 3. 7 1.3 
theoretical '!5 34. 0 11. 0 theoretical '!. 6 3. 6 1. 4 
paren-t Ra-226 parent l\a-226 

theoretical 9. 4 7. 1 2.6 
parent Th-232 

The measurement -derived value of the Ra-226/Ra-228 ratio ranges 
between 2 and in ~ ~ and between 1. 5 and 3 in marine 
sediment (OSV.ATH, 1989), hence in sea water. This confirms that the 
alga conserves the environmental relative abundance of radium isotopes. 
It can be concluded that Ra-223 is also assimilated in much lower quan
tities, according to its relative abundance, but due to their short 
half-lives, its descendents cannot be ldentified in samples. 

Radioactive equlibrium 1s achleved between Rn-220 and Po-216, 
Rn-220 exhalation from the sample being neg!1g1ble. The situation is 
different for Rn-222, where a disequilibrium factor of 1. 4 ex1sts 
between Rn-222 and Po-2!8 (assessed through the Ra-226/Pb-214 ratio). 
The value of the radium concentrat1on factor (CF) for ~ ~ 
calculated using the typical value of Ra-226 concentration in sea water 
given in (PENTREATH, 1988), is of the order of 105, three orders of 
magnitude above the average value recomended 1n IAEA, 1985. The compu
tation of CFs for members of radioactlve ser1es (e.g Pb-210) is a dell
cate problem, and often requ1res supplementary measurements. 
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R-19 
Radioecologically Important Stable Element Concentration in two 

Mollusc and one Polychaete Species 

Maria SALAGEAN" , Ana PANTELICA• and Julia !.·GEORGESCU .. 

•tnslitute for Physics and Nuclear Engineering, Bucharest (Rumania) 
.. Polytechnical Institute, Faculty of Chemical Technology, Bucharest (Rumania) 

The content of certain stab!t- elements in the molluscs Mvtilus 
galloprovincialis. !:1.L£_ arenaria as well in the pclych.3ete ~ 
palmata sampled at different depths from the Rumanian Black Sea bottom 
was studied by instrumental neutron activation analysis. 

The incr·ease uf chemical industry and the intensive use of 
tain pollutant elements can exceed their normal concentration in sea 
water which may have toxic effects to biological systems in the sea. 
From the radioecological point of view the study of stable elements in 
natural systems, such as the marine environment, is important since 
radionucl ides introduced into the sea follow similar pathway to the 
stable elements already present. During June 1989 mussels M. gallopro
vincialis, M~ arenaria and M. palmata polychaete were sampled from the 
bottom of the Black Sea at a depth 29-40 m. and analysed for certain 
radioecoJogically important stable elements. 

After rinsing,with distilled water and removal of the shells, the 
soft tissues and byssus were separated. M. palmata samples were only 
rinsed. All saples were dried, grounded to a fine powder and irradiated 
a 1 ong with an equa 1 quantity of the 1 AEA reference rna ter ia I MA-M2/TM in 
the VVR-52 nuc I ear reactor of Bucharest ( therma I neutron f 1 ux 10 1 •- 1 • 

n/cm 2 sec). Al J measurements were carried out by using a high resolution 
Ge<Lil detector coupled with a multichannel ana-lyser. 

Data for the 12 selected stable elements CAs, Co, Cr, Cs, Hg, Rb, 
Sb, Sc, Se, Th, U and Znl in the species mentioned above are given in 
Table 1. As it can be seen theSe content <<0.7 ppml is lower in!:!..,_ 
pa 1 rna ta po 1 ychaete, wh i 1 e a 1 1 the other e 1 ements in the same species 
were found to present the highest values at Portitza site. At Sulina in 
total tissue of M. gal loprovincial is 513 ppm Zn and 11 Cr were found 
while at Portitza in M. palmata the values were 1230 ppm for Zn and 117 
for Cr. The concentration levels of the elements are higher in soft 
tissues of M. galloprovincialis than in byssus. By comparing the 
results obtained with those reported forM. galloprovincialis sampled 
during 1987 at about the same sites, CSALAGEAN et al., 1988) a decrease 
in Zn and Sc content is observed while an increase in the elements As, 
Co, Cr, Cs and Th 1 s presented. 
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Some data on Biometry and Stomach Content of a Meditterranean Monk 

Seal found in Santorini Island (Greece) 

D. CEBRIAN", H. FATSEA .. and Ch. MYTILINEOU••• 

•Estacion Biologica de Donana, P.O.Box 1056, 41080 Sevilla (Esapana) Actual address: Research Station of 
Alonnisos, University of Thessalia, Volos (Greece) 

.. University of Athens, department of Biology, Division of Ecology-Taxonomy, llisia, Athens (Greece) 
... National Center for Marine Research, Hellinikon, Athens (Greece) 

ABSTRACJ' 

A Meditterra>1ea.11 ~-tonk seal strangled by a fishing net,was dissected. 
The content of the stomach and llleasurernents of the digestive system 
are reported.From these measurements no conclusion was made about this 
i•lorlk's eating habits. 

Materials and Methods 

A male Monachus monachus, was stran::;led by a trarnel net and was 
fow1d in Santorini island, south of the village Acrotiri, on March 13,1990. 
The 1-Ionk ;c•as 239cm long, measured from the tip of the snout to the tip 
of the flippers and 218cm long from the tip of the snout to the tip of 
the tail. The perimeter at the level of the navel was 121cm. 

The Monk seal was transported and dissected in Athens about 65 hours 
after its death. The stomach was immersed and filled as well as,with 37% 
fOD1E.line. 

Results 

A. Measuranents of the digestive system: 
Length of esophagus: 0.25m. 
Length of the stomach: O.SOm. 
Length of the s1nall intestine: 16.66m. 
External diameter of the small intestine: 31.00wm. 
Length of the large intestine: 1.36m. 

B. Stomach content: 
The sto.nach was almost full and its content weighted 5.5kg. Frow all 

this mass we se;;>arated 22 fish specirnents ( 53% of the total weight ) • 
We have identified eleven fish individuals ( 39% of the total weight) 
<ihich belong to nine different species. (see table 1). we have also 
found a sn13.ll piece of fishing net ( 39mm net's eye opening ) • 

Table 1. Species of fish and squid which -...ere identified in the 
stomach of the seal Which was found in santorini island. 

Species Length(an) weight(gl 

Boops boops 23 148 

Boops boops 19 100 

Boops boops 16.5 58 

Oblada melanura 25 218 

Dip l odus vulgaris 21 218 

Lophius sp. (piece) 39 517 

Lophius sp. (piece) 223 

Serranus sp. 21 88 

Saomber saombrus 17 120 

fttu.llus sp. (pieae) 80 32 

Tri.glidae !pieae) 210 264 

Sepia offidnalis 163 

Discussion 

The fishing net where the animal was trapped presented many holes, 
sor.Je of them typically made by the seals. This fact along wit\1 the pre
sence of a piece of the same fishing net inside the stomach indicate 
that, at least the last amount of the digested fish ( 53% of the total 
food mass ) , were catched by the seal from the fishing net. Therefore, 
from these data, we ca.l1Dot obtain a definite answer on the seal's diet 
ii1 the wild envirorunent. However, we found out that the animal did not 
eviscerated the preys taken from the net. 
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V-I2 
Investigation on Mediterranean Monk Seals, Monachus monachus, 

(Hermann, 1779) in the caves along the Coastline of Western Black 
Sea, Marmara and Aegean Seas 

ABSTRACT: 

Bayram OZTURK, Han ERIM, Adem COLAK and Ufuk TALU 

School of Aquatic Products, Beykoz, Istanbul (Turkey) 

This research has been done in a nearly three 11onths period, froa 20 th of June to 10 
th Septembe in 1989, with the ai11 of finding out the ntll!ber of 11011k seals inhabiting 
Turkish Coasts. All observatisons were recorded by ·Iii• at the sae tillll!1 to get 110re 

inforaation about the environent they live in the caves, and hOM they behave in 
water. 
During the re&erach, tHO in the t~estern Black Sea, two in the Har11ara Sea and twelve 
in the Aegean sea , totaly lo cave51 an islet were closly observed t~hila observing 
the caves dives also have been done in to caves, however no IICII!k seals N!l'& nan &nd 
all were abandoned. 
The on! y place where we could have the chance to observe an adult •onk se&l 1111 a 
isolated islet in the Aegean Sea, near Cesme. This observed, indivudual 111011k seal was 
taken in to a fil• under broadcoast standarts, Ocl!anographic lll!asurl!llellt around tht 
islet revealed the water temperature on surfece as 22 •c in agust and the current 
speed as 2 miles per hour. Chron0111tric •esaurements revealed that she was spending 
different periods of tiMe under the water, varying from I' 49' ~~~ 4' 56" minutes, 

INTRODUCTION: 
l1editerrenean Honk Seal, Honachus 11011achus1 Hllich 1 considering the enoreous reduction 
in their null!ber, is n011 forming endangered species in habits these caves, breeds and 
gr011s the pups. These monk seals habitats are usually located on isolated islands or 
shores and knoHn by I ocal fishermen, 
The purpose behind this research is to find out the present conditions of the caves 
where monk seals used to inhabi_t _allld investigate the pattern of_ their ·behavior with 
observations and fiims both on surface and underwater. Our other i~~~portant aia is, by 
showing the film to masses, to focus Turkish People's attention on the subject and 
provide their support. An additional target was to get 11ore infor11atlon about the 
physico-chemical properties and meteorological parameters of the water where 1011k 
seals prefer living. 

HATERIAL AND HETHOD: 
During the whole retll!arch period a 25 11eter long flsherlllll boat hn been used, which 
had a speed 15 miles per hour and a capacity of 20 people. The research has begun in 
the Hestern Black Sea. Night and day observations and scuba dives have been done to 
on islet near Ces•e and totaly 16 caves which, with the order of our proceeding 
direction, were as follDHSJ THO in tgneada and Sile, two is Ekinlik and Harura 
Island is the Harttara Sea, 12 in the Aegean Sea !Foca, Hay1rsn Island, Esendere, 
lld:r, Siingukaya Island, Alatab, Dilek, Kire~~it Island, Nar Island, Toprak Island, 
Sulu Island, iit Islands!. 

l'fap 1 1 Mentioned caves is the research and local!ution of the islet the IHXIk seal 
inhabited. All these previously dater•ined caves have been ob&erved and dived having 
the ai11 of co11ing across with 111011k seals or their traces. 

RESULTS AND DISCUSSION: 
It was on! y five years ago that these cavl!!l were . fimOUS and known Ill "Honk Seal 
caves•. HCIIever during our 80 day-research progru neither 11onk seals nor thair 
tracl!!l were COH ieross. This ~ada us to reduct thit the monk still havt •!grated 
fr011 the shores to desolate islands. We think that the 110nk seal 1ft! observed in 
Sungukaya, the desolate islet near Ce$11e1 is actualy one of the •onk seals which 
abandoned Alacat1 Coasts. Because the caves is Alacatl, Cesme and the Siingukaya 
Island are only tllll •iles apart fr0111 each other. 
As a conclusion, the. Sungiikaya Island shoud be preserved as a National Park. All 
necessray precautions should be taken tu keep the fisherlll!n away fr041 all 1011k seal 
habitats. It is a must and the crux of .our-aesuge that all these islands and coasts 
serving as liOOk-seaC-habitats- should be turned in to preservi!d National Parks. In 
addition against all disturbances··· and conciousless or ignorant touristlcal 
settle1ents or urbanhation lUst be ensured. It h al5o extreael Y Important to 
emphasize the need of 1101'1! detailed research opportunities. 

REFERENCES: 
BER!(£5, F., ANAT, H., ESENEL, K., and KISLALIDGLU, 11. 119791. Distribution and 
Ecology of Honachus monachus of Turkish Coast, in the 11edtterrnean Honk Seal !Ronald, 
K, and Duguy, R. 1979 1 113 - 127). 
tlJRSALIDGLU, B. 11'1821 Pup ~ather environment&! relation In the the 11editlrrenean 
Honk Seal, 11onachus 111011ithus1 !Hermann 1779) on Turkish coast. p. 167 in SYIJlosiull 
Int. Therilogical Congr, Ab1. Helsinki 
MSALIDGLU, B. 11'1841 The survival of l1editerrenean Honk Seal Honachus 11011achus, 
!Hermann 1779> pup on the Turkish coast, A.U.Fen Fak. Turkey 
IUlSAI.lDGLU, B. U'l84rHonk seal conservation in Turkey.W.W.F 11onthly Report 98-100 
RONALD, K. and DUGUY R., 1979 The Hediterrenean IIDilk seal U.N.E.P. Ser I Perga110n 
Press, Oxford. 1883 p. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 

I 



I 

V-13 
Species of Dolphins that occurs in the Western Black Sea, the Sea ot 

Marmara and the Aegean Sea 

Abstract : 

BOient TOPALOGLU , Bayram OZTURK and Adem COLAK 

School of Aquatic Products, Beykoz Istanbul University (Turkey) 

\ve ob;;;.ved, photographed ai1d filmed lhe dolphins lhat we came across 
in the waters of Western Black Sea, 1'he Sea of Marmara and The Agean 
Sea, in a st!ries of research sails that took place from June 20, 1989 
to September 10, 1989. A learn of 20 people aboard a 15 mile per hour 
research vessel was employed in the observation and counl of lhc 
dolphins. Although lhe observation and the count were made directly 
mosl of t..he t.in1e, we also look advantage of binoculars in order to 
verify wha·i:_ we had observed with naked eye. We also evaluated the 
photograph:' anc films of dolphins t.hat we had t.aken, for Lhe som€ 
reason I ho!ve ju:.t. mentioned. 

IULOAUA 

ANu.tA* • Oelphilt.<s delphis.(Unnoc.us,!7.58) 

El Tursiops <Uruncdl.u$. (Monlogu,1821l 

D StEnello C.oer<lleoall>a.(Hoo~r;IS?.3) 

On the map you see the route that our research vessel took besides I 
the areas where diffet·en,t species of dolphins were spotted. 

Of the t.otal number of 63 dolphins obseeved, 9 Delphinus delphis 
(l..innaeus, 1758); 6 1'ursiops truncalus (Mont.agu, 1821); 8 Delphinus 
delphis and, 26 Slcnella coeruleoalba (Heyen, 1833); 6 Delphinus 
delphis, 8 Tut~siops lruncatus 1 from Odontoceti-Delphinidea were 
spelled respectively in The Western 
Blacltsea, The Sea of Marmara and The Aegean Sea. Among lhe dolphins 
were observed Slenella coceulcoalba (Stdped Dolphins) make up Lhc 
biggest group 26 dolphins, followed by Delphinus dclph; s (Sedd lcback 
Dolphins) wilh 23 dolphins and by 1'ursiops t.runcalus (Hotllcnosc 
Dolphins) wiLh 14 dolphins. 

According t.o our conclusion St..enella cocrulcoalba was only observed 
in lhe Aegean Sea, 1nainly in lhe ar~a between }(a~ and Antalya. 6 
young dolphins were spott.ed as well dudng the project. 

However, we need more dala and time to estimate the abundance and t..he 
frequency for the exact distribution of dolphin in Turkish coast. 
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V-14 
Stomach Content Analysis of a Stranded Specimen of Tursiops 

truncatus 

A- VOLIANI and C- VOLPI 

Consorzio Regionale di ldrobiologia e Pesca, Livorno (ltalia) 

Hbsl:ract - A total of 145 individuals belonging to at least 9 species 
were found in the analysis of a bottle-nosed dolphin sto•ach content; 
fishes represented approxiaately 90% and the reMaining 10% were 
cephalopods. Host of the preys fo•Jnd have demersal habits. 

On the 15th of February 1990 a stranded 11ale bottle-nosed dolphin 
<Tursiops truncatus) was found on the beach of Marina di Donoratico, 
Livorno, Italia. 1-2 days before the dolphin was found, when the 
stranding is supposed to have taken place, winds blew fro• s-sw, with a 
strength of 30-75 k•/h and the sea was very rough (6-7 degrees 
Beaufort>. 

The speci•en, 2.15 • long, bore no outward signs of the possible cause 
of the death, A superficial necropsy, carried out on the field, 
revealed no useful hints as to assess why the aniMal died. The co•plet'e 
skeleton is deposited at the Natural History Huseu11 of Livorno. 

The sto•ach contained approxi•ately 2 kg <total weight) and 1. 3 kg 
(dripped weight) of food at various stages of digestion. The analysis 
of the gastric content's revealed rests of fishes and •olluscs, so•e of 
which at the initial stage of digestion, thus indicating that the 
dolphin had ingested food al•ost until its death. The re•ains of the 
food were analysed in order to determine which species were present. 
The following table is a detailed list of the body parts used for the 
identification and of the nu•ber of individuals found for each species. 

SPECIES OTHOLITS OTHER BODY BEAKS SPEC I HENS 
R. L. PARTS 

FISHES 
Herluscius aerluccius 62 62 yes 62 
Spicara ~ 30 30 yes 30 
Trisgpterus ~ 22 22 yes. 22 
Ar9entina sphyraena yes 2 
·conger conger 1 yes 1 
Sco•ber l!.P_. 2 yes 2 
Clupeidae 1 2 yes 7 
unidentified ·fishes 5 7 7 
CEPHALOPODS 
~ cirrhosa yes 11 11 
Ill!l!!. coindetii yes 1 1 

The identification of the species through otholits and cephalopod 
beaks was carried out by co•parison with those available in the 
Institute study collections and by using reference books (Clarke 1986). 
Where it' has been possible., other identification keys were used: jaws, 
vertebr.ae, etc .. 
Clupeidae have very s•all and fragile otholits and reasseabled 

vertebral colu•ns were used to deter•ine the nu•ber of speci•ens. 
A.sphiraena was identified through its peculiar swi••ing bladder. 

The size and weight of the preys can be approxi•ately inferred fro• 
the body parts which have been found. The otholits length / total 
length ratio has been esti•ated and used for H. aerluccius <N=34 a=-1. 91 
b=2.16 r=.995 p(.001>; figure 1 shows the distribution by size obtained 
by aeans of this ratio. 
Weights varying fro• 15 to 380 g were esti•ated by using the L/W 
relationship (Auteri et al.1987>. The size and weight of E.cirrhos.a was 
deter•ined through the beak length / 11antle length and beak 
length / weight ratios indic<>ted by Clark" (1986). The specimens have 
1:hus resulted to have mantle sizes that varied from 70 to 95 rnm .and 
weights fro01 50 to 150 g. 

For 1 i ttle sized species, with a 
very reduced size range, single values m 
were given for length and weight. A ll; N.62 

::!~~~ut~~ t~\. ;in~::s i~~~v~~~:!r::~ irj 
usually shorter than 15 c•, and 15 g rQ 
to A. sphyraena and Clupeidae. An I 
~;:!~at!~" ~!a.~:; ";!~~t c~!on~~; !:~ :I 
I.coindetii, thanks to their al•ost Z 16 14 !8 2Z 16 38 34 38 
integral condi-tions, was possible: 
250, 150and25grespectively. Fig.l lEttTHincm 

Figure 2 shows the diagra•s of 
presence respectively by i te•s' 
nu•bers and weights per species. 

llill 
llerluccius ~~erluccius 

£B 
bima swis 

GJ. 
Trisopte~ Minutus 

• Clupeidae 
D 

Eledone cir!'Msa 
• other species 

Fig. 2 
Weight 

The preys found totalled 145 individuals and about 9. 5 kg; fishes 
represented approximately 90% in number as well as in w~ight. Host of 
the preys .are de•ersal species <H.•erluccius, T .Minub.Js, C.conger, 
S.snoaris) and even benthic ones <E.cirrhosa) confir11ing that this 
dolphin is adapted to a catholic diet <Evans, 1987> . 

The total length of •ost of the preyed fishes is less than 20 c•, 
probably because these are the most co••on sizes in the environMent; 
however H .aerluccius close to 40 c• long and 400 g weight have been 
reported. 
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V-Is 
lndice d'Abondance de Ia Megafaune en Mediterranee. Campagne 

TRANSMEDICET du "Jean Charcot" (IFREMER) du 20/10/89 au 26/10/89 

D. VIALE et N. TERRIS 

C.N.R.S .. Laboratoire d'Ecologie des Cetaces, n'034915, CEVAREN, Univers;t4 de Corse, B.P. 52, 20250 Corte 
(France) 

Un transit du navire -JEAN CHARCOT"entre Ia Coruna et Toulon, est utilise pour 
faire des releves de cetaces et autres grands organismes de surface. 

Ces releves noqs permettent de calculer des indices d'abondance grace auxquels 
nous comparons diverses microregions de Mediterranee (VIALE. 1990). 

Lars de cette mission nous avons pu etendre egalement notre comparaison a 
!'Atlantique (cotes espagnoles). 

METHOPE 
Une vigie de jour est assuree en continu. 
Parallelement sont studies les parametres hydrologiques par enregistrement 

thermique en continu et par reperage des fronts par satellite. 
Les parametres biotiques etudies sont les biomasses sous-jacentes detectees par 

echosondeur 12 kHz. 
Etant donne Ia diversite des organismes rencontres, dont Ia biomasse varia de 

10 kg (thons) a 60 tonnes (Baleinoptere), Ia comparaison par simple comptage des 
individus se revele inappropriee. 

Aussi VIALE 1989 propose d'utiliser un poids moyen defini arbitrairement et 
conventionnellement pour chaque espece. Ce poids moyen est deduit des courbes 
taille/poids issues de Ia litterature. 

Tableau I 
Ba/aenoptera physalus 
Physeter macrocephalus 
G/obicephala melaena 
Tursiops truncatus 
Delphinus de/phis 
Stene/la coeruleoalba 

RESULTATS 

60 
40 

1,5 
0,3 
0,25 
0,15 

tonnes 
tonnes 
toone 
tonne 
tonne 
tonne 

Pas d'observations en Atlantique vu les mauvaises conditions meteorologiques et 
l'etat de Ia mer (force 6 a 10). 

En Mediterranee, les observations ant ate essentiellement des cetaces. Pour Ia 
zone parcourue de jour entre Gibraltar et le Cap de Gata, nous avons observe quatre 
troupeaux de Stene/la coeruleoa/ba, soit un nombre total de 16 a 25 cetaces. 

La troisieme zone decrite est situee entre le Cap de Creux et Toulon, au large du 
Golfe du Lion. lil, nous avons pu repertorier 6 especes de cetaces (Delphinus de/phis, 
Stene/la coeru/eoalba, Tursiops truncatus, Globicephala melaena, Balaenoptera 
physalus et une espece non identifiee. Le nombre total d'individus observes dans 
cette zone est : 85 a 92. 

p!SCUSS!ON 
Pour les deux premiers trom;:ons : Gibraltar-Cap de Gata et Cap de Palos -

Majorque, le nombre d'individus observes est le meme (16 a 25). 
Ceci correspond a une biomasse totale rapportee au mille parcouru en vigie de 

0,028 tonne pour Gibraltar-Cap de Gata et de 0,026 tonne pour Ia region Cap de 
Palos-Majorque. 

La region Nord Baleares-Toulon nous a revele une fauna tres importante et 
diversifies (5 especes et 85 a 92 individus), soit une biomasse moyenne de 3,13 
tonnes/mille parcouru en vigie. 

Cette biomasse est une indication d'une forte production secondaire de Ia region 
correspondante. Celle-ci peut etre reliee a des phenomenes hydrologiques varies 
(tourbillons, front des Baleares, front liguro-provenc;al) comma ceux que nous avons 
identifies a 75 milles au nord de Minorque. 

D'autres phenomenes hydrologiques etaient visibles a l'oeil nu : plaques de 
convergence et de divergence, cellules de Langmuir. 

Si nous comparons ces donnees aux indices d'abondance etablis prealablement 
pour le bassin occidental de Ia Mediterranee (de 0,4 a 1,6 tonne par mille parcouru en 
vigie), nous constatons une fois de plus que Ia zone situee entre les Baleares et Ia 
Provence est une region riche en especes et en biomasse. 

CONCLUSION 
Ces resultats confortent nos precedents travaux, liant les cetaces aux phenomenes 

hydrologiques productifs tels que les fronts, les tourbillons, etc. (Campagne Western 
Mediterranean Circulation Experiment) (VIALE et al., sous presse et VIALE 1990). 

En revanche, ils s'opposent a !'affirmation de DUGUY 1990 : "La zone Ia plus 
frequentee est Ia mer Ligurienne ainsi que les eaux du Sud de l'ltalie. Par contra, le. 
Golfe du Lion parait relativement pauvre". 

Nos observations fournissent un moyen objectif et comparatif d'evaluation des 
stocks de cetaces dans les zones echantillonnees 
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On a Specimen of the Leatherback Turtle, Dermochelys coriacea 
(Linnaeus, 1766), stranded at Mazara del Vallo (South-West Sicily) 

Patrizia JEREB and Sergio RAGONESE 

I.T.P.P .. C.N.R., ViaL. Vaccara 61, 91026 Mazara del Vallo (ltalia) 

The leatherback Turtle, D•r•och•lys coriacea, an Atlantic species 
wi.th wide geographical distribution, though repeatedly found in 
Mediterranean water• (Crespo at al., i9BB 1 Hachaichi Cc Rais, 198:5 1 
Maigret, 1986 1 Oliver, 1986) and occasionally in Italian waters 
(Bruno,1970, 1978 1 Capocaccia, 19671 Di Palma, 1978), is still 
however a species whose capture constitute an uncommon avant so that 
Petit's comment (19:51) 1 " ••• en raison de la rerat6 ••• touta capture 
avec au minimum 1' indication de d&ta, des dimension& de 1 '&nimal et du 
saKe, m*rita d'•tra aignal6a" is atill valid. 

Aa far as the south.ern coaat of Sicily is concerned, recorda of 
this species are vary sporadlc and relative to the more eastern side 
(Bruno, 1970 I Capra, 1949 1 Carfi Pavi&, in Di Palma, 1978) 1 this 
whlch follows is the first documented sighting of ;a s;pacimen of the 
leatherback Turtle on the western side of Sicily. The specimen, a 
m&le, WAS str&ndad probably ~Rcause of a violent &&&-storm on the 
co;ast of Hazara del Vallo on :5 April, 1989. It was found dead on the 
beach, although aKternal eKamination revealed no wounds or particular 
slgns of dam&ga. It was me&sured (fig.1), tran&ported to the Institute 
and kept ~rozan. 

A B 

Fig. 1 - Measurements taken on the specimen of the loggerhead, 
D•raochelys coriacea (Linnaeus, 1766), following Duron-Dufrenne, 1978, 
modified as in Oliver, 1986. A 1 dorsal view; B 1 ventral view. 
1 1 Total length .. 202 cm1 2 1 Carapace lpngth "' i4:5 cm1 3* 1 Carapace 
witdh • 70 cm1 4* 1 Length between the foremost lateral keels .. 28 cm1 
IS* 1 Plastron length • 9!S cmt 6 ·1 Tail length • 24 em. 
(* • maasur-•nts taken on the embalmed specimen). 

The post-ortem eKamination revealed a digestive system 
completely "clogged up" with residues of v&rious sorts of plastic, the 
probable causa of death. Becauae of the scientific interest of the 
find in itself &nd of the atir created locally by the stranding of 
this Turtle, the specimen was embalmed by a French taKidermiat and is 
at present preserved &t the I. T .P.P. Considering the known presence, 
evan if occasional, of this specie& in the Tunisian waters (H&chaichi 
and R&is, 198!S) and the absence of documented sighting& in the 
Sicilian Channel "sensu latu", an area widely swept by southern 
sicilian trawlers, this record constitutes an avant of particular 
interest which tends to confirm the migratory schema proposed by 
Crespo at al. ( 1988). Entering the Madi tarranaan through the Btrai ts 
of Gibraltar, the leatherback Turtle would follow the currents of warm 
water, spreading over in the Western and Central Mediterranean 1 on 
reaching the entrance of the Sicilian Channel, the Skerki B•nk could 
form the point where t.ha route divides, on one way to the north 
(I-talian and Corsican waters) and on the other to the &outh (Tunisian 
waters). 

The results of the post-mortem eKamination .are &lao vary 
interesting, tanding to confirm what has often been referred to as one 
of the probable assumption on the aver more frequent casas of de•th of 
sea turtle& 1 the ingestion of plastic. The carnivorous feeding of 
these Animals, a.ll1o including large zooplanktonic organisms such as 
Jellyfish (e.g. Rhizostoaa pulso) and the contlnuous increase of the 
quantities of plastic wasta in the water, which could be confused with 
the former, especially when the water is turbolent or turbid, are 
obviously closely related factors, as this case seems to prove. 
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V-II2 
L'origine des Tortues Caouannes, Caretta caretta (Linnaeus, 1758) de 

Mediterranee Occidentale 

Luc LAURENT 

laboratoire Reptiles et Amphibians, Museum National d'Histoire Naturelle, Paris (France) 

L 'origine ·des tres nombreuses Caouannes capturees ou observees dans le bassin occtdental 
(CAMINAS, 1988 ; LAURENT, 1988, l989a) pose les problemes de Ja mdification dans 
cette zone marine et de !'apport de population depuis !'Atlantique ou la Mediterranee 
onentale. Ce sont trots hypotheses hees a des phenomenes biOlogtques dont les determmtsmes 
condtttonnent une grande partie de Ia comprehension du fonctionnement du peuplement 
de cette espece en Medtterranee. Des etudes recentes en Afnque du Nord (LAURENT, 1989a) 
permettent de discuter de !'importance de chacune de ces hypotheses. 

Existence de nidification dans Ie bassin occidental 

La nidtfication de la Caouanne a ete evoquee de nombreuses fois aux Baleares et en Corse 
mais les travaux de MAYOL (1985) et de DELAUGERRE (1987) ont confirme !'absence 
de ponte sur ces 'iles. En Italie peninsulaire et en Sardatgne (cotes occtdentales), BRUNO 
(1969, !973) et ARGANO 0979) ont mentionne 1 'existence de sites de ponte sans en apporter 

~~t:~s:~bl=0~;e~a q~~r~:~g~~o~~~:~;~~~ ~~~;~~f~f~~c~~~s~~~u~;~~4i•it~0j~~~~ ~~~ n~~~;i,~~-
de prospection et d'enquetes realisee sur toutes les cotes d' Algerie et du Maroc mediterra
neen (LAURENT, l989a), permet d'affirmer que ces littoraux n'abritent pas de plages 
de ponte. 
Malgre le manque de donnees precises pour la Sardaigne,. il semble maintenant evident 
que contratrement au bassin oriental, la Medtterranee occidentale ne sott pas une zone 
de. ntdtftcatton. L'absence de ce phenomene sur les cotes d'Algerie et du Maroc dont Ja 
latttude est compnse entre celle des sites de ponte de Grece ou de Turquie et celle des 
sttes connus en Tunisie et en Libye est interessante. I! faut en chercher Ja cause probable
ment dans les conditions hydrologiques propres a cette partie de la Mediterranee. 

Les apports depuis !'Atlantique 

Les origines de ces tortues migrantes seraient les grands Sites de ponte de la cote sud-est 
des Etats-Unts et les cotes d'Afrtque sttuees a Ja meme latttude : le littoral du Maroc. 
Mais Jes eaux baignant ces cotes onentales de l' Atlantique sont plus fro ides et aucune 
zone de ntdification n'a ete ment!onnee. SCHOUTEN et THEVENOT (1988) signalent !'absence 
de ntdtftcatton sur les plages de la regton de Tarfaya au Maroc. Finalement les Sites de 
ponte les plus proches actuellement connus sont situes au Senegal (MAJGRET, 1983) et 
les courants atlantiques (courant des Canaries) de direction sud, longent ces cotes d' Afrique 
OCCidentale Ia majeure pa_rtie de l'annee. Seule une origine americaine via le Golf Stream 
pourra1t e;<phquer une entree pour Gibraltar. Mais quelle est !'importance de cette migration 
par ce detroit dont la largeur est de 8 mdles (15 km). CARR (1987) sur la base d'une 
comparaison des histogrammes de taille de Caretta caretta capturees aux Ac;ores et aux 
Baleares cons1dere que les tortues de Mediter;:anee occidentale proviennent des Etats-Unis 
v1a les Ac;ores. Cette assertion est discutable sur de nombreux points en particulier sur 
l_e. fait que_ des jeunes tortues de longueur droite de carapace inferieure a 0,20 m ont 
ete observees dans ce bassin (LAURENT, 1988, !989a) alors que selon CARR (1987) ils 
devra1ent se trouver aux Ac;ores. Actuellement la seule preuve est Ia reprise en Adnatique 
d'une tortue marquee au Texas (MANZELLA et FONTAINE, 1988). 

Les apports depuis Ia Mediterranee orientale 

Le principal element en faveur de cette hypothese est la meconnaissance actuelle de 
la taille ~e la population reproductrice de Mediterranee orientale. Celle-ci pourrait etre 
en fa1t tres 1mportante. Des prospect10ns recentes sur les cotes nord de Chypre revelent 
!'existence de nombreux sites de ponte (TILLEY and KECO, 1990) et les grands littoraux 
~~~tf::~':,~tes de Lyb1e et d'Egypte do1vent abnter en toute log1que de grands s1tes de 

D'autre part, le peuplement du bassin oriental semble etre caracterise par une predominance 
des jeunes et des subadultes (LAURENT, 1989b) ce qui contraste avec la Mediterranee 
orientale et plus particulierement les cotes de Turquie ou les donnees d'echouages montrent 
une tres faible representation des immatures (BARAN and KASPAREK, 1989). Cette hypothe
se du deplacement d'une partie des jeunes vers le bassin occidental (des adultes marques 
a !'est ont deja ete retrouves a !'ouest) avec retour vers !'est pour !a reproduction entra'ine 
des points de critique : le passa&e du canal sicilo-tunisien dont les courants portent a !'est 
et le determinisme d'un tel deplacement. Ma1s les donnees satelhta1res montrent que 
ces courants ne sont pas reguliers (T AUPIER-LET AGE, 1988) et les capacites natatoires 
des nouveaux-nes et des jeunes peuvent etre tres importantes (STONEBURNER and 
RICHARDSON, 1982; DAVENPORT and CLOUGH, !986).Le bassin occidental aune produc
tlv!te plus grande et pourra1t serv1r de zone d'ahmentatiOn pelagique. Pourquot les tortues 
se dirigeraient-elles vers !'ouest ? On peut evoquer le gradient thermique ouest-est qui 
les guiderait dans Ia recherche des zones d'alimentation. 

Conclusion 

Seule !'utilisation de methodes genetiques de discrimination permettant de rattacher un 
individu a sa population clarifiera l'origine des Caouannes du bassin occidental et par 
Ia meme le fonctionnement du peuplement de cette espece en Mediterranee. 

REFERENCES 

ARGANO, R., 1979. Report W.W.F. Project 1474. Switzerland. 19p. 

BARAN I. et KASPAREK, M., 1989. Zoology in the Middle East, 3: 31-36. 

BRUNO, S., 1969. W.W.F. Roms, 4: 12-13. 

BRUNO, S., 1973. Atti. Je Simp. Naz. Cons. Nat., Bar!, 2: 117-126. 

CAMINAS, J.A., 1988. Rapp. C.I.E.S.M., Monaco, 31 (2): 285. 

CARR, A., 1987. Conserv. Bioi., 1 (2): 103-121. 

OAVENPORT J. et CLOUGH W., 1986. Copeia, 1: 53-57. 

OELAUGERRE, M., 1987. Vie et Milieu, 37 (3/4): 243-264. 

LAURENT, L., 1988. Bu!I.Soc. Herp. Fr., 45 (1): 9-16. 

LAURENT, L., 1989a .. Rapport RAC/SPA, Greenpeace MSditerrant!e. 48p. 

LAURENT, l., 1989b .. Communication au Colloque de Carry Le Rouet (france). 

MAIGRET, J., 1983. Buii.Soc. Herp. Fr., 28: 22-34. 

MANZELLA, S.A. et FONTAINE, C.T., 1988. Marine Turtles Newsletter, 42: 7. 

MAVOL, J., 1985. Reptlls I Amfibls de les Balears. Ed. Moll. 26Jp. 

SCHOUTEN J.R. et THEVENOT, M., 1988. Trav. lnst. Sci. Rabat, m~m. h.S. 105-113. 

STONEBURNER, O.L. et RICHAROSON, J.l., 1982. Copeia, 4: 963-965. 

TAUPIER-LETAGE, 1., 1988. These d'Oc~anographie Aix Marseille ll, 119p. 

TILlEY, R., and KECO, K., 1990. Sea Frontieu, March April 1990: 54-55. 

VOESENEK, L. et VAN ROY, P., 1984. Report to the Council of Europe, SEH.73p. 

Rapp. Comm. int. Mer Medit., 32, I ( I990). 

240 

V-II3 
Tortues Marines dans Ia Zone Levantine de Ia Peninsule lberique 

J. MAs• et P. GARCIA"• 

•1nsti!Uto Espanol de Oceanografia, Centro Oceanografico del Mar Menor, San Pedro del Pinatar, Murcia 
(Espana) 

••ANSE. c1 Rosario larga, 37. 30205, Cartagena, Murcia (Espana) 

En Espagne, les tortues marines se partagent le paradoxe d 'etre protegees 
par la legislation nationale (Real Decreto 3181/1980, du 30 decembre, 
1980) et d'etre objet en meme temps d'une importante capture accidentelle 
par les bateaux de peche nationaux (entre 15.000 et 20.000 individus/an, 
selon les differents auteurs: MAYOL, 1986; CliMI&AS, 1988). D'autre part, 
il existe une profonde meconnaissance de l' importance reell e des 
populations des differentes especes, des migrations, de la survie des 
individus captures, et d'autres aspeds de leur biologie. 

Les palangres derivants utilises par la flotte maritime sont 
reglementes par la. legiFlation de la peche, qui limite a 2.000, selon 
l' espece-cible, le nombre d' hamecons maximum et la longueur du palangre a 
60.000 metres. Le nombre d' embarcations utilisant cette technique varie, 
meme si une petite partie la practique durant toute l 'annee. Cependant, 
les pecheurs qui travaillent habituellement au chalut ou avec d'autres 
types d' engins utilisent les palangres, durant l 'ete. Ceci provoque une 
concentration importante de ce systeme de peche durant les mois d' ete, 
specialement dans la zone comprise entre le Cap Gata et le Cap San 
Antonio, ainsi qu' autour de l 'archipel des Baleares. 

Simultanement on a transforme ou meme d~truit des zones traditionnelles 
de ponte sur toute 1a medi terrannee. Au sud -est de la Peninsule Iberique 
et plus concretement a la Manga del Mar Menor, les tortues de mer 
auraient pu se reproduire dans le passe. Au musee de Sciences Naturelles 
de Madrid, on conserve un jeune specimen de C.h!l.!mris mY\!i!§. originaire de 
"El Estacio" et recueilli en 1911.. (MAS, 1986). 

La conjonction de ces deux problemes met en peril la survie des tortues 
marines dans la Mediterrannee. Pour cette raison, on a decide de develop
per au Centre Oceanographique de Mar Menor, un programme de surveillance 
en captivite des tortues marines, qui avait avale un ou plusieurs ha
mecons de palangres. 

Une fois transferees de puis les palangriers, les tortues ont ete instal
lees dans des bassins de 7. 000 1. avec de l 'eau prelevee de la lagune 
cotiere de laMar Menor (Salinite entre 1>3,056%o et 48,070%o , et tempe
rature entre 9, 60!!C et 27, 62~C, pendant la duree de 1' experience) . Les 
tortues etaient soumises a des observations radiologiques afin de suivre 
la progression interne des hamecons. Une fois par jour, au moins, on 
nettoyait les bassins des dechets et restes a1imentaires, en notant le 
taux d' ingestion et l 'apparition de hamecons sur le fond; la photoperiode 
naturelle a ete respectee et on a maintenu un systeme de circuit ou
vert, avec un taux journalier de renouvellement d'eau compris entre six 
et sept fois le volume du bassin. 

Ces experiences ont debute en 1986 sur C.i!:!:!l.Us £e:!:!l.Ue. avec les 
resul tats sui vants: 
Annee Tortues (Nb) Mortes (Nb) Hamecon Duree de l' expulsion 

expulses (jours) 

1986 
1987 
1988 
1989 
1990 

53 a 123 
285 

55 
En observation 6 individus 
En observation 6 indi vidus 

Dans le cas extreme d 'une duree d' expulsion de 285 jours, 1 'animal n' a 
ingere aucun aliment pendant les neuf mois qu' il a retenu le corps etran
ger. 

De ces experiences on peiit conclure que 1es individus qui avaient les 
hamecons loges dans 1e palais ou dans le premier troncon du larynx, ont 
des indices de survie superieurs a ceux qui 1 'avaient dans 1 'oesophage. 
Le ni veau de deglutition de l 'hamecon avant la levee des lignes est 
siirement tres important, de meme que la taille de celui-ci. C'est-a-dire 
que les hamecons qui ont p€metre profondement dans le tube digestif, 
produisent plus de mortalite. Lors de 1' autopsie des tortues mortes, on 
notait des dechirures et des Mmmoragies localisees tout autour des 
blessures. et, en fonction du temps ecoule' des septicemies generalisees. 
Durant la surveillance on put remarquer que ces animaux etaient capables 
d' attaquer et de casser l 'hamecon tout au long du tractus digestif. Les 
hamecons rejetes etaient intacts. 

Les individus presentaient parfois d'autres types de blessures: deplace
ments des plaques du plastron et de la dossiere, amputation de membres, 
presence d' un crabe parasite ... etc. D 'autres avaient des poches d 'air ou 
de gaz accumule a 1 'interieur du corps, ce qui empechait leur plongee. On 
a egalement observe des tortues qui avaient avale deux hamecons. 

Cette etude a permis d' identifier 1es especes apercues en mer, attrapees 
par les lignes de peches ou echouees sur les plages; dans certains cas il 
s'agissait de U!l.l:!!lQ£\!!l.!Y§ £Qerie£!l.e· Pour 1990 on a projete un programme 
de marquage dans le but d' obtenir des donnees sur le nombre reel de 
tortues capturees, les aires d' hibernation et les routes de migrations, 
etc. 
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V-II4 
Sur Ia presence de Ia Tortue Verte, Chelonia Mydas (L, 1758) en 

Mediterranee Occidentale 

J.·A. RAFA at J. SALINAS 

Departamanto de Biologia Animal (Zoologia), Facultad de Ciencias Biologicas. Universidad de Valencia, Burjasot, 
Valencia (Espana) 

Depuis 1989 nous avons entrepris, avec Ia collaboration de Ia Generalitat Valenciana, une etude des tortucs 

marines echouees ou capturees dans Ia region de Valence (Mediterranee cspagnole). 

Nous avons surtout observe des Caretta caretta (L, 1758) et, occasionnellement des Dennochelys corio.cea 

(Vandelli, 1761). Toutes les tortues capturees, mortes ou vivantes, ont ete prises accidentellement par des filets ou 

des palangres. Notre programme de recherches comprend Ia recuperation des animaux captures, tant blesses que 

sains, qui sont eventuellement relikhes apn!s marquage. 

Le 25 avri11990, une tortue verte (Chelonia mydas, L, 1758) a ete prise par un filet tremail. La capture s'est 

produite a 100m de Ia rote, au niveau du village de El PereUonet (province de Valence), a une profondeur de 8-10 

m. L'exemplaire avait une longueur totale de 51,5 em, sa carapace mesurait 36 em de large sur 39 em de long. Le 

poids de !'animal etait de 6750 g. 

La tortue verte est une espece rare en Mediterranee occidentale. Sa presence est confirmee au X!Xe siecle 

aux Jles Baleares et Columbretes (BOSCA, 1916; MAYOL, 1985). Dans les revisions realisees par PASCUAL 

(1985) pour les eaux espagnoles et par DELAUGERRE (1987) pour le bassin occidental de Ia Mediterranee cette 

espece n'est pas mentionnee. Neanmoins, Ia capture d'une tortue verte a ete signalee au Grau du Roi (Gard, France) 

en aolit 1989 (MAJGRET, comm. pers.). 

Les zones de reproduction actuelles de Ia tortue verte sont principalement situees en Mediterranee orientale 

: c6tes de Ia Turquie, de Chypre et d'Israel (DELAUGERRE, 1987). 

HADJICHRJSTOPHOROU et GROVE (1983) donnent un poids de 500-900 g pour les specimens 

mediterraneens Ages d'un an. BALAZS (1982) signale, aux iles Hawaii, Ia recapture d'une tortue verte de 38 em de 

longueur a une distance de 1900 km six mois apres son marquage. En Mediterranee, MARGARJTOUUS (1988) 

rapporte des deplacements d'individus de C. caretta marques en Grece et captures deux mois apres dans les eaux de 

Sardaigne a 1500 km du point de remise a l'eau. 

La presence d'une tortue verte dans les eaux de Valence resulte vraisemblab!ement d'un long deplacement 

de l'espece en Mediterranee. 

Au cours de ce siecle, C. mydas a done ete capturee deux fois seulement dans Ia Mediterranee occidentale. 

Lieu de capture des 
spectrnens de tortue verte 
au cours du XXe steele 
en Medlterranee occi
dentale 
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V-1111 
Analysis of the Sexual Development of Eledone cirrhosa 

(Cephalopoda, Octopoda) in the Northern Tyrrhenian Sea through two 
maturity indices 

Paola BELCARI , Elisabetta FED! and Paolo SARTOR 

Dipartimento di Scienze Ambiente a Territorio, Via A. Volta 6, 56100 Pisa (ltalia) 

An analysis o:t the monthly development of two maturity indices was carried out as 

preliminary phase of a study on the sexual maturity of Eledone cirrhosa (Lam., 1798). 

Through the assessment of the relative weights of the components of the reproductive 

system it has been possible to utilize the gonadosomatic index (MORIYASU, 1988) and 

the Hayashi index (HAYASHI, 1970) modified for octopuses according to GUERRA ( 1975) 

(Table 1) · Eleven monthly samplings were carried out from March 1989 to February 

Table 1 

Gonadosomatic index ( GSI) 

(( tW + NW)/W) 100 

(oW/W) 100 

Hayashi index (HI) 

NW/(NW + tW) 

odW/(odW +oW) 

W = specimen. weight; tW = testis weight; 
oW = ov~ry we1ght; N\ol = Needham sac mass weight; 
odW = ov1ducts and annex glands weight. 

1990, collecting 762 

specimens (313 males, 379 

females and 70 undetermined 

specimens). Samples 

collected using a trawl-net 

in the Northern Tyrrhenian 

Sea,. between the Isles of 

Elba and Giannutri at depths ranging between 92 and 350 m,. with highest frequencies 

between 100 and 130 m. Through the size ·frequency distribution analysis 

(BHATTACHARYA, 1967), it was possible to single out a cohort to be followed every 

month. First the maturation stages were determined through the macroscopic analysis 

of the gonads (MANGOLD-WIRZ, 1963; MORIYASU, 1988) and then they were compared with 

the two indices. Table 2 shows the existence of a good correlation, since a well 

defined mean value index corresponds to each maturation stage. 

Table 2 

d'd' ?? 
GSI SD HI SD GS'i' SD HI SD 

Immature specimens 2.130 2.017 0.132 0.045 0.277 0.138 0.135 0.037 

Maturing specimens 8.061 l. 727 0.206 0.096 2.331 1.851 0.101 0.035 

Mature specimens 7. 386 1.203 0.654 0.163 8.885 4.017 0.057 0.011 

The GSI enables only two phases to be distinguished in the maturation process of the 

males, as previously reported by MORIYASU (1988). Fig. 1 shows the monthly variation 

of the maturity indices. The graphics refer to two different cohorts, as the cohort 

singled out in the previous period of investigation disappears from the fishery area 

after reaching the reproductive period (BOYLE, 1983). For the males, during the 

months of June, July and August, the HI exceeds the value of 0.5, above which the 
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FIG. 1 

males are supposed to be mature (MORIYASU, 1988). Mature females are found in a 

shorter period with respect to the males, the peak of maturity is shown in August 

(GSI= 13.45, HI= 0.052). From September to February the analyzed data refer to a new 

cohort, the individuals are at the beginning of the maturation stages. By observing 

the global variation of the indices, it is possible to point out that the maturation 

process starts previously in the males with respect to the females. ~ssentially our 

results are in agreement with those reported by PALUMBO & WURTZ ( 1983-'84) in the 

Ligurian Sea and by MORIYASU (1988) in the Gulf of Lions, even if some differences 

have been found relative to the period of maturity: in the Gulf of Lions the 

maturation process starts earlier in both sexes and mature females are found for a 

longer period. 
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V-1112 
Cephalopod remains from Blue Sharks, Prionace glauca, Caught in the 

Gulf of Taranto 

Giambattista BELLO 

lstituto Arion, Mola di Bari (ltalia) 

The blue shark, Prionace glauca (L., 1758) (Selachii: Carcharhinidae), is an opportu
nistic predator, which feeds heav i:ly on relatively small prey, especially bony fishes 

and squids; much of its prey is pelagic (COMPAGNO, 1984). Blue sharks are a quantita
tively important by-catch in drifting longline fishery for swordfish, Xiphias ~
dius, in the Ionian and Adriatic Seas. 

An examination was made of the gastz:-ic content of five specimens of !:!._ glauca cap

tured by drifting longline at night in the Gulf of Taranto, inlet of the Ionian Sea. 

The first two of them (specimens nos. 1 and 2) were caught on May 26th 1985 at about 
16 nautical miles off Porto Cesareo (Leece); their size and sex are unknown. The 

other three sharks (nos. 3 to 5) were hooked on May 28th 1985 at about 30 nautical 
miles SW of Porto Cesare a. The bottom depth in the fishing zone is between 500 and 
1,700 m. 

The author received the whole stomach content from blue sharks nos. 3 to 5 and only 

the cephalopod remains from specimens nos. 1 and 2. Each of the specimens nos. 3 to 5 

contained cephalopod parts and one bait-mackerel. 'The cephalopod remains from all 

stomachs consisted only of loose beaks and lenses. Thanks to the low number of beaks 

involved, it was possible to match each upper mandibule with a lower one. Blue shark 

no. 1 contained just one unpaired upper beak while no. 2 contained three pairs, no. 3 
two pairs and nos. 4 and 5 one pair. 

The beaks were identified according to MANGOLD & FIORONI ( 1966) and CLARKE ( 1962 and 
1986), and by comparing them with "vouchers" (cf. CLARKE, 1986). The size of beaks 
was described by the rostral length, as suggested by CLARKE ( 1986) . Mantle lengths 
were estimated from the beaks. The mantle length estimation for H. bonnelli and T. 
sagi ttatus was done by the regression equations reported by CLARKE ( 1986) and for ~ 
~ by simple proportion with beaks extracted from specimens of known mantle 
length. 

The ommastrephid beaks from blue shark no. 2 were tentatively ascribed to T. sagitta

tus because of the complete lack of darkening of the upper walls and crest and lower 

wings, which rules out Illex ~ (cf. CLARKE, 1962); the shape of the upper 
rostrum, whose ventral side is almost straight, making a downward curve only at the 

tip ( cf. MANGOLD & FIORONI, 1966) ; the narrowness of the lower rostrum, which rules 
out Ommastrephes bartramii (cf. CLARKE, 1986). 

The table reports the size and sex of f.:. glauca specimens, the list of the cephalo
pods found with their beak size and their estimated mantle length. 

Prionace glauca specimens 

3 4 

Cephalopoda 119 - F 143 - M 163 - M 

Histioteuthis bonnellii URL 11.9 3.5 7.5 
(FERUSSAC, 1834) LRL 3.2 6.5 

EML 11 4.5 7.5 

Histioteuthis reversa URL 2.0 3.6 
(VERRILL, 1880) LRL 2.0 3. 7 

EML 4.5 8 

Ommastrephid sp. juv. URL 2.1 2.2 2.4 
cf. Todarodes sagi ttatus LRL 2.5 2.5 2.7 

(LAMARCK, 1798) EML 9 10 

L1st of cephalopods found 1n the gastr1c content of Pr1.onace glauca. 

Total length (em) and sex of blue shark specimens nos. 3 to 5 are reported below the 
corresponding number~ URL = upper rostral length (mm); LRL = lower rostral lenght 
(mm); EML ~ estimated mantle length (em). 

The gastric content of the examined blue sharks appeared to be rather poor and 

not very diverse; they had fed upon typically pelagic species. A cautious comparison 

between the present results -caution is due to the small number of ~ glauca speci

mens examined- and the analysis of the stomach content of ~ gladius lrom the same 

area (BELLO, 1985 and in preparation) shows a possible competition for food. Sword
fish mostly prey upon .!..:._ sagi ttatus; they also occasionally ingest histioteuthids. 

Besides it is well known that !::_ glauca and !.:_ gladius compete for longline hooks. 
For instance DE METRIO!! al. (1983) report that in a two year period 2025 swordfish 
and 1035 blue sharks were caught by drifting longline in the Gulf of Taranto. 

As to the cephalopods found in the shark stomach, !:_ sagi ttatus is abundant in the 

Gulf of Taranto (BELLO, 1985), whereas the occurrence of!:!.!. bonnellii and!:!.!. reversa 
has been rarely recorded (BELLO, 1987; D'ONGHIA!! ~. in press). However the analy
sis of predator stomach content (present results; personal obse:rvations on swordfish 

and cetaceans) suggests that they are not as rare as was thought. Thus, these obser

vations can contribute to a better understanding of the teuthofauna structure of the 

Gulf of Taranto. 
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V-1113 
Note preliminaire sur les Cephalopodes des Eaux Turques 

T. KATAGAN et A. KOCATAS 

Ega University, Department of Biology, Section of Hydrobiology, Bornova-lzmir (Turkey) 

La Mediterranee est habitee par environ 59 especes de C{phalopodes dont 46 vivent en 

Mediterranee orientale (MANGOLD et BOLETZKY, 1988). Malgre l'abondance de certaines 

especes comme Sepia officinalis, Loligo vulgaris, Octopus vulgaris et Eledone moschata sur 

le marche en Turquie, aucun travail n'a jamais et:e tente sur les C{phalopodes de cette 

region. 

Les recherches scientifiques menee~ a partir du bateau de "K. Piri Reis" entre 1987 

et 1989, nous ont permis de faire une douzaine de pretevements benthiques et petagiques 

en Mer Egee. Les pre!evements ont et:e faits essentiellement dans le Golfe de Saros (GS), 

dans le Golfe d'Edremit (GE), dans le Golfe d'lzmir (GI), dans le Golfe de Giilliik (GGU) 

et dans le Golfe de Gokova (GG). Les especes ont et:e identifiees selon FISHER et a!. (1987). 

Les positions g€ographiques et les caracteristiques des stations de pretevement sont 

presentes dans le tableau ci-dessous. 

Stations Profondeur Positions Pretevement Date 

GS 1 680 m 40° 2i N, 26° 24 E bent hi que 12.09.1988 

GS 2 600 m 40 23 N, 26 16 E pelagique 13.12.1988 

GE 311 m 39° 26 N, 2s 59 E benthique 23.06.1988 

Gl 1 35 m 3B 24 N, 26 56 E bent hi que 21.12.1988 

Gl 2 20m 3S 2s N, z6 59 E bent hi que 30.03.1988 

Gl 3 40 m 38° 3 i N, z6 3S E pelagique 25.09.1989 

GGU 10m 3i 14 N, 2i 3S E pelagique 15.11.1988 

GG 1 80 m 36 5i N, 2i 23 E benthique 30.08.1988 

GG 2 290m 36 59 N, 2-l 50 E bent hi que 22.08.1987 

GG 3 320 m 3l 59 N, 2s 5i E benthique 31.08.1988 

GG 4 430 m 3l 53 N, 2i 44 E bent hi que 22.08.1988 

GG 5 500 m 36" 5i N, 2? 3i E pelagique 13.11.1988 

Nous presentons, ci-apres, une liste des especes de C{phalopodes rencontrees en Mer 

Egee. Les especes marquees d'un asterisque sont assez r{pandues dans les eaux egeenne et 

mediterraneenne de Ia Turquie. 

Materiel: GG 2, 1 ~ de 31 

SEPIOIDEA 

Sepiidae 

Sepia officinalis Linnaeus, 1758* 

Sepia orbignyana Ferrussac, 1826 

Sepia elegans Blainville, 1827 

Materiel: GG 1, 2 ~ de 30 a 40 mm et 1 ff de 50 mm. 

Sepiolidae 

Heteroteuthis dispar (Ruppel, 1845) 

Materiel: GS 1, 1 juv. de 0. 7 mm. 

Sepiola sp. 

Materiel: Gl 1, 1 o"de 15 mm. 

Sepietta oweniana (Pfeffer, 1908) 

Materiel: GE, 1 ~ et 1 rf de 24 mm. 

Sepietta spp. 

Materiel: GG 1, 1 'i' de 16 mm; GG 3, 1 'i' de 19 mm; GG 4, 1 'i' de 20 mm. 

Rondeletiola minor ~aef, 1912 

Materiel: GE, 1 'i' de 20 mm et 1 d' de 15 mm; GG 3, 1 0' de 15 mm. 

TEUTHOIDEA 

Loliginidae 

Loligo vulgaris Lamarck, 1798* 

Alloteuthis media (Linnaeus, 1758) 

Materiel: GI 2, 1 'i' de 63 mm; GGU, 1 'i' de 63 mm; GG 1, 2 'i' de 40 a 53 mm 

et 1 d' de 40 mm. 

Ommastrephidae 

Todarodes sagittatus (Lamarck, 1798) 

Materiel: GS 2, 1 'i' de 90 mm; GG 5, 2 'i' de 150 a 220 mm. 

OCTOPOD A 

Octopodidae 

Octopus vulgaris Cuvier, 1797* 

Eledone moschata (Lamarck, 1799)* 

Ocythoidae 

Ocythoe tuberculata Rafinesque, 1814 

Materiel: Gl 3, 1 'i' de 170 mm. 
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V-III4 
Field Observations of Young Ommastrephes bartrami in Offshore 

Waters in the Ligurian Sea 

Lidia ORSI RELINI 

Laboratori di Biologia Marina ed Ecologia Animale, lstituto di Zoologia, Univarsita degli Studi, Genova (ltalia) 

Given the relevant presence of teuthofagoua manuna.Ls such as G.lob~cephala melaena, 
Grampus griseus, Ziphius cavirostris (Viale 1985, Notarbartolo di Sciara et; al. 
1990), the Ligurian Sea is supposed to be rich in cephalopods, probably of species 
which at present do not constitute fishery resources. However, the distribution - if 
not the identity - of such pelagic species is unknown. 
Taking Clarke's interesti'hg notes {1966} on oceanic squids of genus ommastrephes as 
a starting-point, I wondered if it might also be possible in the Mediterranean to 
see these animals in offshore waters at night. some cruises on the R/V Minerva ( CNR 
August 1987, July 1988, A_ugust 1989, December 1989, February 1990) gave me the 
opportunity to answer this question. It is a well-know fact that during the night, 
especially when the sea is very calm, a light put on the surface attracts squids 
which can then be easily fished with shrimplike artificial lures. In the inshore 
waters of the Ligurian Riviera I have observed that such catches are composed mainly 
of Loligo vulgaris and to a smaller extent of Illex coindet.ii. The same fishing 

technique was used in offshore waters. 
During the first two cruises on calm nights in which the ship was adrift in 
proximity to the bottoms of the Ligurian slope where Aristeus ant:ennatus is the 
target species of the trawl-fishery (500-700 m depth), several sightings of young 
ommastrephid were registered. Optimal conditions were reached a few hours after the 
ship's engines had stopped and a light which had been put over the side of the boat 
started collecting small fish and shrimps (Myctophidae, Pasiphaea sivado, 
Heganyctiphanes norvegica etc.) which became food for the cephalopods. However, 
every caught specimen proved to be Todarodes sagittat.us. Indeed, this squid is 
sporadically associated to the trawl mesobathyal catches. 
During the 1989-90 cruises the ship reached deeper waters (more than 1000 m depth) 
up to a maximum of 40 miles from the Ligurian coastline. In the same conditions as 
described above, finally several specimens of the genus Ommastrephes were observed 

and caught. 
In August the squids appeared in small groups (up to six individuals} 1 passing 
rapidly under the light. They maintained a distance of about 1 m from each other and 
were seen repeatedly seizing the fish. Five of them were fished both with artificial 
bait and with a landing-net and preserved in formalin solution. 
The second observation took place in December: they appeared in the same 
circumstances as before, but were less numerous and larger. On board, two large 
tanks filled with sea water were used to keep the freshly caught specimens. They 
showed astonishing changes of colour from dark red-brown, when the squid was lifted 
into the air, to a white and blue colour when it was put in the tank (the latter had 
white walls and was floodlit in the laboratory). This last coloration was very 
similar to that of pelagic fish, the dorsum being blue and the ventral surface white 
with silver hues. However, this colour was seen when there were single specimens in 
the tank, but on adding a second specimen a furious reaction was observed, with 
colour changes and emissions of jets of water and clouds of ink. Four specimens were 
fixed in formalin solution. The post mortem coloration is also very characteristic. 
A black colour appears on the dorsal surfaces which is sharply delimited laterally; 
the borderline runs through the middle of the second pair of arms. 
On the final occasion in February 1 watching the sea surface in the above-mentioned 
conditions I was not able to see any of them, but a member of the crew fished a 
specimen, together with two Todarodes sagitt.atus, in the last hour of the night .. 

Examined materials: 
14.08.89 Minerva st. 43"49' 09"07' 
five specimens: M.L. 11; 14.5; 15.5; 15.5; 17.5 sex undetermined (no signs of 

hectocotylization on ventral arms). 
09.12.89 Minerva st. 43°43' 09°09 .. 
four specimens: males (initial hectocot.) M.L. 19.5; 19.5; 21.3; female M.L. 25.5 

05.02.90 Minerva st. 44"08' 09"07' 
one female. specimen M.L. 27.5 
All these fit the description of Ommast:rephes bartrami given by Young (1972), with 

the exclusion of details regarding the dentition of suckers. 

Discussion: a) Suecies ideni:ity 
In the opinion of Nesia ( 1982/1987), the genua omma.strephes includes only one 
species, o. bart:.rami, with three formally undescribed subspecies: a North Atlantic 
(M.L. to a6 em); a North Pacific (M.L. to 53 em) and a southern subspecies (M.L. to 
65 em). In particular, the North Pacific subspecies is probably the best known 
(Araya 1983), as it sustains a fishery yield of 150,000 tfyear. rn the past, three 

species have been recognized. . 
For the Mediterranean records, which have generally been sporad1.c, the authors 
concerned have used the name o. bartrami (Naef 1923; Issel 1925; Torchia 19671 
1971). However, recently Roper et al. (1984) assigned the Medit~rranean f~rms to 0. 
caroli . As a consequence, for the most recent specimens found ~n the Med1.terranean 
both the terms o. caroli (Guescini and Manfrin 1986) and 0. bart.rami (Ragonese and 
Jereb in press) have been used for what is probably the same form. Following the 
remarks of Bello ( 1986) and while waiting for a revision of the genus, I prefer to 
mantain the name o. bartrami for these Ligurian specimens. 

b) Significance of Ligurian records. 
This species is poorly represented in the· Ligurian and Mediterranean collections as 
generally only very rare big specimens are preserved; in these cases the doubt 
remains that they are exceptional finds. I am of the opinion that to have found 
young specimens on three occasions in the same area - in spite of the limited search 
allowed by the ship timetable i.e. a total of few hours - is indicative of their 
regular presence. The sizes of the examined specimens sugge~t that they b~long to 
the same cohort, which has been monitored over a period of s1.x months, .prec1.sely as 
is the case - although with an enormous difference in numbers - 1.n the north 

Pacific at approximately the same latitude (Araya, 1983). , . , 
During the cruises of the Minerva I was not able to see large s~cunen~, .ne~ther 1.n 
the summer nor in the winter,but their presence in the area l.S test1.f1.ed by two 
specimens stranded at santa Margherita Ligure (Museum of Natural History of Genoa; a 
female 59 em ML studied by Issel, 1925) and from recent observations during offshore 

aport fishing (Orsi and Fida in preparation). 
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V-IliS 
Etude comparative de Ia relation taille-poids de Eledone cirrhosa des 

Mers Catalane et Tyrrhenienne Septentrionnale 

P. SANCHEZ" at E. FED!"• 

•Institute de Ciencias del Mar, Paseo Nacional sin, 08003 Barcelona {Espana) 
··oipartimento di Scienze dell' Ambients a del Tarritorio, Universita di Pisa, Via A. Volta 6, 561 oo Pi sa {lta!ia} 

Eledone cirrhosa <Lamarck, 1798) est un octopode commun en 
Medi terr:-anee. occidentale. Di verses etudes sur quelques uns des aspects 
de sa b1olog1e ont ete realisees dans ce secteur <Mangold-Wirz, 1953; 
Sanchez 1979; Moriyasu, 1983; Fedi 1988, parmi tant d' aut res J. Etant 
donne que c' est egalement une espece commune et bien connue de 
l' Atlantique Nor<,!_, un travai 1 de comparaison entre les peuplements 
atlantiques et medi terraneen a ete mene a bien <Boyle ~ 5!.1_,_, 1988 J. 
On y a remarque quelques differences entre les deux peuplements: dans 
la morphotnetrie et dans le c:t_cle de vie. Malgre ces nombreuses etudes, 
~ne n' a jamais effectue de travail comparatif entre les divers 
peuplements medi terraneens. 
A partir d' information recueill.ie, d' une part par 1' Insti tut des 
Sciences de la Mer de Barcelone au cours de 1' annee 1989 sur des 
pE!ches commerciales au chalut realisees entre 72 et 630 m; d' autre 
part L' Universite de Pise sur des pE!ches au chalut effectuees en 1985 
et 198 7 entre 5 et 600 m de prof ondeur, on a pro cede a une comparaison 
des rapports taille-poids pourles mois ou l'on avait des echantillons 
des deux provenances. Nous sommes bien conscients que pour mener , a 
bien une comparaison correcte, il faut disposer de donnees relevant de 
la mE!me methodologie, sur un mE!me laps de temps. Cependant, no us 
pensons qu' un~ premiere approche du probleme peut nous donner un point 
de depart pou~ analyser et connaitre les peuplements d' Eledone cirrhosa 
en Medi terranee. Pour comparer les deux peuplements, on a pris en 
compte la relation entre la longueur du manteau <LDMl et le. poids 
total <WJ, et on a compare les donnees des deux peuplements <que nous 
appellerons catalan et tyrrhenien) sur un mE!me mois; puis les 
echantillonnages realises en mer Tyrrhenienne en 1986 et 1987 entre 
eux. Les parametres de la courbe de regression LDM/W ont ete calcules 
avec 1' equation: W= a•LDM,..<b, 

MALES 

Annee/mois R A B VB N 
86/Mars 0.963 0. 469 2.627 0.002 275 
87/Mars 0.954 0.364 2. 742 0.007 102 
89/Mars 0. 901 0. 501 2. 630 0. 061 17 
86/Avril 0.808 1. 561 2.105 0.087 29 
87/Avril 0.980 0. 449 2.608 0. 003 81 
89/Avril 0.928 1.235 2.218 0.079 21 
86/Septembre 0. 927 0. 717 2.334 0.002 524 
8 7 /Septembre 0.925 0.452 2.536 0.006 198 
89/Septembre 0. 951 0.999 2.338 0.018 35 
86/Novembre 0.933 0.369 2.650 0.005 227 
89/Novembre 0.907 0.831 2.535 0.034 43 

FEMELLES 

85/Mars o. 931 0.438 2.686 0.004 289 
87 /Mars 0.964 0.254 2.885 0.007 96 
89/Mars 0.901 0.828 2.555 0.039 41 
85/Avril 0.940 1. 275 2.221 0.025 28 
87/Avril 0.957 0.315 2. 780 0.004 145 
89/Avril 0.957 1. 989 2.120 0.022 30 
85/Septembre 0.929 0.630 2. 415 0.002 489 
87 /Septembre 0. 947 0. 397 2.614 0 .. 003 242 
89/Septembre 0.954 0. 780 2.534 0.020 37 
85/Novembre 0.929 0.518 2.482 0.004 230 
89/Novembre 0. 948 0.555 2.928 0.018 55 

R=Coefficient de la correlati6n, A,B=parametres de la regressi6n; 
VB=variance de la pente de la courbe; N·.,nombre d' indi vidus. 
Les deux courbes ainsi obtenues ont ete comparees au moyen du test de 
Student. 

MALES FEMELLES 

__ t ___ gl __ mois __ annees ____ t ___ gl __ mois ___ annees 

1. 181 373 Mars 85/87 1. 941 381 Mars 85/89 
0.425 115 Mars 87/89 1.548 133 Mars 87/89 
o. 011 288 Mars 86/89 0.531 326 Mars 85/89 
1.558 105 Avril 85/87 3.292 170 Avril 85/87 
1.352 98 Avri.l 87/89 4.155 172 Avril 87/89 
0.275 45 Avril 85/89 0.455 54 Avril 85/89 
2.258 718 Septembre 85/87 2. 755 727 Septembre 85/87 
1. 400 229 Septembre 87/89 0.132 275 Septembre 87/89 
0.034 555 Septembre 85/89 1.489 522 Septembre 85/89 
0.585 255 Novembre 85/89 2.989 282 Novembre 86/89 

t.=t de Student; gl=degres de liberte <pour un niveau de signification 
de 0.05 la valeur detest de 1.95). 

Nous pouvons observer, dans les mAles, que let de Student n'est 
different de fac;on significative que dans un cas dans les deux 
echantillonnages du inois de septembre recueillis en mer tyrrhemienne. 
Les comparaison effectuees sur les echantillonnages realises en mer 
tyrrhenienne et en mer catalane, ne comportent en aucun cas de 
diff ertO!nce si~nif icati ve. Dans les cas des femelles, 4 comparaisons 
appara1ssent d1fferentes: de fac;on significative: celle du mois d' avril 
entre les deux echantillonnages tyrrheniens , celle de 
l'echantillonnage tyrrhenien de 1987 avec le catalan de 1989, celle 
des deux. echantillonnag7s tyrrheniens du mois de septembre, enfin, 
celle ·qu1 a ete real1see sur les echantillonnages catalan et 
tyrrhenien du mois de novembre presente de difference significative 
egalement. Le fait que peu de differences apparaissent entre les 
divers echantillonnages (5 sur 20) et qu' elles surviennent pour la 
plupart dans des echantillonnages realises sur la mE!me zone, nous 
amene a penser que le rythme de croissance en taille et poids est 
vraisemblablement similaire pour les peuplements des mers Catalane et 
Tyrrhenienne Septentrionale. Une legere variation d' une annee sur 
1' autre pourrai t eventuellement E!tre dCie a des conditions 
d' environnement differentes. 
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Distribution and Reproduction of Sepia elegans in the North 

Tyrrhenian Sea 

C., VOLPI' . R. AUTERI' , M. BORRI'' and P. MANNINI' 

'Consorzio Regionale di ldrobiologia e Pesca, Via deii'Ambrogiana, 2, Livorno (ltalia) 
.. fo4useo Zoologico "La Specola", Universita degli Studi, Via Romana, 17, Firenze (ltalia) 

Abstract - Sepia elegans is relatively abundant south of Livorno 
between depths of 25 and 285m. During the sampling period about 507. 
of the specimens were mature, indicating an extended reproductive 
period. , 

The population of Sepia elegans was sampled over a total of 8475 
km2 between a depth of 12 and 700 m along the Tuscan coast, from the 
outlet of the Magra River to the northern coast of Elba Island up to 
the 1 imi ts of the Corsican territorial waters. .Four trawl 
surveys, each consisting of 30 one-hour daytime hauls, were made in 
the spring <late March-early May> and summer <late August-early 
September> between 1985 and 1986, using a drag net with a 20 mm 
mesh bag. The area was subdivided into homogenous blocks according 
to the type of bottom and bathymetric range, and the hauls were 
distributed between the blocks proportionally to the respective areas 
and poSiitioned randomly. Seoia elegans was captured between 25 and 
28:5 m and most frequent! y between 60 and 120 m. It was most abundant 
south of Livorno - on sandy muddy bottoms in the circalitoral level 
related with the VTC biocenosis and with the DL biocenosis <Peres & 
Piccard, 1964) bathyal layers - and least abundant north of Livorno. 
This may have been due to the outlets of the Magra, Serchio and Arne 
rivers which modify the substrate and degree of salinity. 

The ·hauls brought up 991 specimens weighing a total of 8.38 kg. 
The mantel length <M.L.) of the largest male was 52 mm, that of the 
largest female 65 mm. Males and females with an M.L. greater than 
45 mm and 52 mm,respectively, were collected in the summer when the 
species was most '!lbundant - about 350 specimens per trawl as 
compared to about 100 in the spring. Despite the notable difference 
between the two seasons, the bathymetric preferences of the 
species can nonetheless be compared. In the spring the cuttlefi.sh 
were mainly found between 100 and 200 m,while their preference was 
not so obvious in the summer; in 1985 they were found predominantly 
between 50 and 100 m and in 1986 between 100-200 m <the springtime 
depths>. In the summer most of the larger cuttlefi !eh preferred the 
limits of their specific bathymetric range. 

· The sex and degree of maturity was determined from a subsample 
equally distributed by size and bathymetric layers. A total of 166 
males and 231 females were checked, grading the degree of maturity 
according to Mangold's (1963) scale. The percentage of immature 
<stage 1) males and females was highest in the summer. In both 
seasons about 507. of the population was ready to spawn, but the 
greater percentage of mature males occurs in the spring and the 
females in the summer. The Table shows the maturity stages (in 7.) of 
individuals divided by length classes and season. 

PERCENTASES IF SEXUI¥.. IIAMITY STASES 

IW.£S FEIIALES 
II. SPRllli StJt£R SPRUE SIJt£R 

• I 2 3 1 2 3 1 2 3 4 5 6 1 2 3 4 5 6 

20 70 20 10 86,7 10 3.3 79.7 2.1 3.8 3.1 11.3 100 
30 17.2 !0.3 n.5 24.4 46.3 29.3 36.4 4 8 15.6 28 8 59.1 4.1 18.4 8.2 8.2 2 

40 7.1 18.6 74.3 2.4 21.4 76.2 4.2 4.1 16.7 54.2 20.8 3.4 10.3 46.6 39.7 

50 100 66.7 33.3 3.2 9.7 35.5 51.6 

60 33.3 66.7 

The maturity of both sexes is linked more to size than to season, 
despite the ·fact that equally mature specimens can differ greatly 
in 'size and that beyond a certain size all cuttlefish are mature. 

A comparison of equally long small and medium-sized 
specimens collected in the spring and summer revealed a precocity in. 
the spring specimens. Richard (1966, 1971> observed in reared Seoia 
officinalis that low light intensity and short photoperiod, i.e. a 
winter-like situation, stimulates sexual maturity, while high 
temperatura, i.e. a summer-like situation, stimulates somatic growth. 
Our observations may reflect the antagonistic roles of light and 
temperature •• pointed out by Richard. 

The degree of maturity of the females was calculated from the 
size of their largest eggs. Using this method the intermediate 
stages <2-3-4) of maturity are poorly represented, which could be 
due to the rapidity with which the eggs develop to their maximum 
size. 

Though our data refer only to the spring and summer, these· allow 
us to conclude that Sepia elegans reproduces all year long as Mangold 
<1963> suggests. They also do not seem to migrate in order to 
reproduce. 
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V-IVI 

Trace metals in three species of Fish of the Mullidae Family from the 
Mediterranean Coast, Israel 

Hava HORNUNG and Nurit KRESS 

National Institute of Oceanography, Israel Oceanographic and Umnological Research Tei·Shikmona, P.O.B. 8030, 
Haifa 31080 (Israel) 

The Mullidae family is common throughout the Mediterranean. Mullus barbatus 
and Mullus surmuletus are Atlantic-Mediterranean species, and Upeneus moluccensis is of 
Red Sea origin (BEN-TUVIA, 1971). These fish inhabit sandy and muddy sea beds, and 
their prey's habitat is benthic. 

To establish a baseline of the existing levels of trace elements (Hg, Cd, Pb, Cu, 
Zn, Fe) in these commercially important species, their muscle tissue and inner organs were 
analyzed. Specimens were obtained from trawl catches along the coastline at depths 
between 10-100 m. Specimens of Mullus barbatus (484 specimens; 40 composite samples 

~:!~t::i!~Pj!~ ~~ !:~ ~~df::If~~~~l;~;:a~~inili~fJu~f~;!~i~~~su~r~~~~~!~~:~?:f~ 
were used in this study. 

The highest values of total mercury were recorded for U. moluccensis, which is 
known to accumulate higher mercury levels in its muscle than the other Mullidae species, 
M. barbatus and M. surmuletus, even though they inhabit similar areas and feed on the 
same food items. However, levels wer-e low in most cases (see table) and typical for these 
species, when compared to other areas in the Mediterranean (UNEP, 1986). Mercury 
content in the muscle correlated significantly with the weight of the fish for U. moluccensis 
(r = 0.801), but forM. barbatus and M. surmuletus, the relationship was poor (r = 0.28 and 
0.27, respectively). The highest levels were detected in the liver (0.12-0.62 pg g-1) followed 
by the ·kidneys (0.089-0.56 pg g-1) and the heart (undetectable to 0.28 pg ~-1). Low, 
undetectable values of mercury were found in the gills, spine, gonads and intestines in all 
three mullets. 

Cadmium levels in the muscle tissue were consistently low and ranged from 
undetectable to 0.11 pg g-1, with most values below the approximate detection limit of 0.030 
pg g-1 (see table). 

Ranges, averages and standard deviation of trace metal concentrations (pg g-1 wet wt.) 
in muscle tissue of Mull us barbatus, Mull us surmuletus and Upeneus moluccensis 

(lead was undetectable). 

Species Year Hg 

Mull us 1975- 0.035-0.475 
barbatus 1980a 0.122±0.08 

1984- 0.008-0.313 
1989b 0.108±0.06 

Mullus 1975- 0.069-0.316 
surmuletus 1980a 0.170±0.05 

1984- 0.092-0.164 
1989b 0.135±0.02 

Upeneus 1975- 0.095-1.02 
moluccensis 1980a 0.412±0.18 

1984- 0.005-1.12 
1989b 0.240±0.18 

a MED POL- Phase I. 
b MED POL- Phase II. 
c Below detection limit. 

Cd 

0.007-0.114 
0.026±0.02 

BDLc-0.093 
0.026±0.02 

0.005-0.026 
0.016±0.01 

BDL 

0.002-0.08 
0.04±0.02 

BDL-0.048 
0.006±0.01 

Cu Zn Fe 

0.18-1.29 1.94-10.0 --
0.60±0.32 4.41 ± 1.8 

0.20-1.39 3.01-6.14 1.89-7.72 
0.57±0.29 4.66±0.77 4.45± 1.44 

0.35-0.66 2.90-3.76 --
0.50±0.22 3.33±0.61 

0.71-1.12 3.07-4.98 --
0.88±0.15 4.04±0.59 

0.10-1.34 2.14-7.60 --
0.52±0.36 3.86±1.07 

0.20-1.35 2.75-5.96 2.48-7.01 
0.64±0.30 4.04±0.68 4.43± 1.03 

TRACE METAL CONTENT IN MUSCLE 
(J.I.g/g we1 wl.) 

1. I>RJLLUS BARBATUS 
2. i'l.ILLUS SURMULETUS 
3. UPENEUS MOLUCCENSIS 

1.0.----------------------------------------------. 

O.B 

0.6 

0.4 

0.2 

f- Hg -j f- Cd -j f-Cu-j f-Zn-j f- Fe -j 

The levels of lead were generally below the detection limit of this element and 
therefore were not recorded. 

Copper, zinc and iron are distributed uniformly in the muscle tissue in these 
species (Fig. 1). The highest values were recorded in the livers and in the food content 
associated with the feeding habits of these fish. 

A comparison of the data for the years 1975-1980 and 1984-1989 shows no 
differences in the metal content of the muscle tissue in these species. Moreover, there are no 
significant differences in the values among the three species studied, even though they were 
collected from different locations along the coast. 

This study is part of a comprehensive study on mercury in M. barbatus carried 
out within the framework of the MED POL Phase I and II program and was partly supported 
by the Mediterranean Trust Fund. 

All given values are expressed as pg g-1 wet weight. 
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V-IV2 
Levels of Heavy Metals in Two Demersal Fishes, Arnog/ossus laterna 
(Risso, 1810) and Bug/ossidium luteum (Walbaum, 1792) in lzmir Bay 

Hatice PARLAK" and Erkan DEMIRKURT"" 

"Ega University, Faculty of Science, Department of Biology, Hydrobiology Section, lzmir (Turkey) 
""Dokuz EyiOI University, Institute of Marine Sciences and Technology, lzmir (Turkey) 

In this study, the quantity of da'ta on the presence and content 

heavy metals in two demersal fishes, (A. laterna and B. luteum) 
collected from I zmi r Bay was accumul a ted-b~t~~~-;,.- 1988--1-989--:---The 
samples were chosen considering to their presence in every season and 

found them easily in the study at·ea. The aim of this study was to 

determine the concentrations of Hg, Cd, Pb and Zn in the fillet of 

these fishes and compare the data of two years. 

The analytical procedure applied involved a decomposition 

::~::~~~:reusmia:gim~~ 0 ~ 0 Q-C r~~~~: 5::~~:. in water bath with the 

Determinations carried out with Atomic Absorbtion 

spectrophotometer (Varian Techtron, Model 1250). Hg was determined by 

cold vapour technique using varian Model 65 vapour generation 

accessory and the other elements by flame (BERNHARD, 1976). The 

results have been calculated as pg/kg wet weight, medians and 

quartiles of data has been used for statistical evaluations { TUKEY, 
1977; CLAUSSEN, 1988). 

Concentrations of Hg in fillet of A. laterna didn 1 t fluctuated 
much between 1988 and 1989 with lower q~;:;-til;-~-;lues of 9 and 13 

).lgHg/kg w~t weight and with upper quatile 30-23 pgHg/kg respectively. 

Also, Hg concentrations of B. luteum in these two years ranged from 16 

to 11 }lgHg/kg as lower qu~-;:tll;;--;nd with the values 45-23 }lgHg/kg 

upper quartile. It can be seen that Hg concentration has slightly 
decreased in 1989. 

Cadmium concentrations of A. laterna ranged from 8 to 296 

pgCd/kg as extreme values for 1988 -:hi.l~--;;;y varied from 72 to 334 

pgCd/kg for 1989- Also, Cd concentrations of B .. luteum ranged from 7 
to 289 }lgCd/kg in 1988 varied in between 56 t-o--liS-pgCd/kg in 1989. 

So, Cd concentrations in ~..:..._!.~~~~~ has increased in 1989 comparing to 
the data obtained 1988 (Table 1 ) • 

Lead concentrations of A. laterna was higher than of B. luteum 
generally. ~..:..._.!~~~!.:!!~ has Pb-~.;-;;;;trations between 127 -t~--4627 
pgPb/kg as extreme values whereas accumulation in B .. luteum varied 
between 94-3623 pgPb/kg in 1988. Also, Pb values obta_i_n-;d-Pb-from the 

samples collected in 1989 varied from 371 to 4138 pgPb/kg .in ~..:... 

!~~~!:!!~· It can be seen from the 'fable 1 that Pb concentrations in 

these organisms has decreased in 1989 comparing with these from 1988. 

Zinc accumulations of ~..:.._.!~.!~!:~~ ranged from 3520-3863 1-lgZn/kg 
respectively as lower quartiles and 5669-5380 pgZn/kg as upper 

quartiles during 1988-1989. Also, Zn values of B. luteum ranged from 

2680-2824 pgZn/kg as lower quartiles and 4325-3480-p;Z;/kg as upper 

quartiles respectively during 1988-1989. The zinc values has decreased 

in 1989 in both fishs but Zn content of A. laterna was higher than of 
_!!.:_!~!!'.~!" (Table 1 ) . ----------

Table 1- Statistical values of trace metal concentrations in two demersal fishes 

{A. laterna and B. luteum) in Izmir Bay (}-1g/kg wet weight). 

Mercury Cadmium Lead Zinc 

Species 1988 1989 1988 1989 1988 1989 1988 i989 

Mimi mum s I 5 I 8 I 72 1271 3711 27511 27491 
Lower Quartile 9 I 13 i 39 I 83 5311 7711 3520 I 38631 

A. laterna Median 20 I 17 I 161 I 102 23631 9461 39151 45771 
Upper Quartile 3o I 29 I 223 I 13o 26711 16951 56691 5380 I 
Maximum 75 I 62 I 296 I 334 46271 413Bill296l 68631 

I n=20 I n=19l n=16l n=9 I n=19l n=14l n=20 I n=20 I 
___________ I I I I I I I I I 

I Mimimum I_4_1_7_1_7_J---s6'1---g:;l-rnl 21641 23951 

I Lower Ouarti 1e 16 I 11 I 76 I 87 I 873 I 1077 I 2680 I 28241 

B. luteum I Median i 26 I 22 I 106 I 100 I 14331 11561 30281 32881 

I Upper Quartile I 45 I 23 I 222 I 133 I 20451 13731 43251 34801 

I Maximum I 179 I 100 I 289 I 175 I 36231 16931 7990 I 36581 

I n=23l n=13l n=l7l n=8 I n=20l n=91 n=23l n=l4l 
----- ______ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 

A comparision of our data with those mentioned by other authors 

available because of lack of informations on this subject 

using these fishes on Turkish coast:s. But, comparing with those 

reported from different areas of Mediterranean using similar kinQ of 

fishes, the heavy metal accumulations was not exeeded them ( UYSAL, 

1978; BARGAGLI at al. 1986). 

However, the levels Pb indicated that we mustn't neglected it 

although the values are not high now. 
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V-V1 
Aquaculture Production in Greece, 1980-1988 

1.-N. ARGYROU" and K.-1. STERGIOU"" 
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""National Centre for Marine Research, Agios Kosmas, Hellenikon, Athens 16604 (Greece) 

ABSTRACT 

Aquacl!lture production (e~cluding lagoons) in Gr~ece increased from 2,000 tin 1980 to 3,900 t in 
1988 w1th a mean production of Z;340 t representing 1-2% of the mean annual fishery production 
in Greek waters. The mean 1986-1988 production was allocated as follows: 1983 t trout, 233 t 
carp, 132 t sea bream/s~a bass, 570 t mussels, and 51 t other species (of which 7 t eels). The 
mean 1984-1986 .froduct1o.n represented 0.4% of the mean ~984-1986) Mediterranean aquacul-
i~~ i~r~~~g!;~8 a~7~{;~~s~efo~ ~~~e~~~~i~~d7 ~~ 1~f t e variability of aquaculture produc-

INTRODUCTION 

~~~~~~ru~eq~~~~~~~~de~~~~~e~~~c~ll~rfr6~ ~~1s t~a~~8~ ~~re1 r~g~s.1~ ~il~g~ d~6eh1e~ob~~~ 
~g5nt f~il1~~ dev~~gme~fr~ant of marine aquaculture (ANONYMOUS 1990) whereas more than 

planned to be invested for s ...,-------------------....... 

~~sfcu~~LU~i!JJr~ 11~~~ 
~ere aa~:~~!ture ~~~~~~~g~ ' 

~~8'b~~~~8. is ~~~~wed si~g~ 6 1 
forecasting of aquaculture 
rcroduction will be beneficial ...... 0 5 / 

~;ua~~l~ure develgfr~s~~btur~~ 
forecasts are developed ~ 4 · 
using decomposition (trend 
analysis) time-series techni
ques. 
MATERIAL AND METHODS 

t~~u~~ a~~~~~~ur(efd~~~c- !' 

lagoons) for 1980-1988 an~ 1 1 

product1on per species 1980+--t'oo-1 -1--,oo-2-1983'' -1984.,.., -198...,... -5 -1·986-1.,98-7-1988,---1989.,..., -,.,..s~ro-1~99-1--11992 
(1986-1988) are taken from 
the Minist~ of Agriculture, • actual YEAR "' forecast 

~~~DA (~b~~? an~r~~d . . 
analysis was used tq model Flg.a~fg~:g~~!lf~f.Jctoggg{j'b~ W:,c~Jff:lfai!'c?t~g:;a' ,:,n_.g~f"ft~!JJ?lfsJ~88• 
aquaculture production for in-sample'torecasts; 1989-1992: out-ot-sampletorecasts). 
1980-1988 and, conseguent-
ly, in-sample (1980-1988) and out-of-sample (1989-1992) forecasts were produced. The following 
measures of forecasting accuracy were computed: (1} Absolute Percentage Error, APE (2) Mean 
Absolute Percentage Error MAPE, and {3) Mean Error (according to MAKRIDAKIS et al. 'HlS3) and 
the coefficient of determination (according to SAl LA et al. 1979). 
RESULTS AND DISCUSSION 

Production P.er farm duri\)g 
1986-1988 Increased Sig
nificantly for mussels (from 

~~rr(~~~o 546t/f~~~mfo aq~ 

7.90% 

Dcarp 

•bass/bream 

•mussels 

Iilli other 

t/plant) whereas it did not ex
hibit any significant increase 
for the remaining species 
(ARGYROU 1990). 

Fig. 2. Mean (1986-1988} aquaculture production per species (excluding 
Forecasting as applied to lagoons) in Greece 

~~?~~~~aio~:(a~~~~e'ir~~n~n the basis of: (a) explanato . regression techniques (simple, multi
ple, categorical) which take into account other i:1cut variab7es. and (b) stocha~tic, time series tech-

~~~~/~~~g~~t ~~d~>J;:~~e~~r~ ~~i\?s~x(~~e g~~R~R5~e1~~~~~~~gbr~~~ei~~;~e u~~~~~: 
not be applied to our data because ra) the factors that mainly affect aquaculture pro~uction in 
Greece (e.g. such as technical and scientific expertise, management skills). cannot be 
parameterize~. and (b) production time-serie:> is short. Hence, a sif!Jple, decompo:>[tion method 
(trend anaiY.Sls) was used ·to model and predict aquaculture production. Decomposition methods 
try to identify components of the basic underlying pattern and.fqrecasting is based on extrapola
tion each of these component patterns separately and recomb1mng them 1nto a final fore(;9st. The 
following quadratic trend curve was fitted to the 1980-1988 data: Xt=3. 12-0.65 T + 0.081, where 
X1 = production (in 1000 tl and T =time. ME and MAPE were ~stimated to be 0.0 ~nd .. 9.5% 
respectively. APE ranged from 3.3 to 15.9%. The model expla1ned 85% of the vanab1hty of 
aquaculture production in 1980-1988 and forecasts for 1992 amount 7,900 t (Fig. 1). 

Forecastin~ plays a central role in managerial decisions: it preceeds planning which, in turn, 

P~6~~~~n !Tti~~~~nm;~~~a~~~~R~~~KJ~ ~b ~~.~~sr~tr?~~3~JJ2~ i~~~~~~rt~~1e~o~~~~~~~~e 
Pure production in Greece is influenced by many factors and is confronted by all sorts of uncertain
ty (management skills, availability of fingerlings availability of food, technical and scientific 
expertise). Yet accurate forecasts will be benefic1al for the development of aquaculture infrastruc
ture (fry and feed production both of which at present are mainly imported increasing the cost of 
products and render them not competitive for exportation}, pred1ct future prices, and planning ex
ports and absorption by the local market. 
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V-V2 

Development of Diets for Gilthead Bream Sparus aurata L. cultured in 
Egypt 

Elham A. WASSEF(") 

Fish Nutrition Laboratory, National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

ABS'mACT 

Two novel raw ITI9.terials, dry germinated soyabean meal and fish silage, 

were used as the major protein sources in Sparus aurata feeds. Amino acid 
analyses of both materials, on one hand and . the experimental fish on the other 
hand, proved that they meet or exceed the requirements of the species. 

Three balanced diets were for'111Ulated on the basic idea of replacement of 

fish meal either partially, by defatted soyabean meal/dried germinated soyameal, 
or completely by a Mixture of both soyabean meal and fish silage. Preliminary 

observations, under aquarium conditions, indicated that these artificial feeds 
are appropriate for the species. 

Table l. Corrposition ( % Dry Weight ) of raw materials. 

V-V3 

Catch data from an artificial reef and a control site along the 
Central Adriatic Coast 

Giovanni BOMBACE , Gianna FABI and Loris FIORENTINI 

lstituto di Ricerche sulla Pesca Marittima, C.N.R., Malo Mandracchia, 60100 Ancona (ltalia) 

Artificial reefs are generally constructed in coastal waters around the world to enhance nearshore 
fisheries for their fish-attraction effect and increased production (BONSACK and SUTHERLAND, 
1985). These effects should be particularly evident in areas far from natural reefs where the artificial 
substrates provide additional food, shelter from predation and greater habitat availability (BONSACK, 
1989). 

In order to evaluate the effectiveness of artificial reefs along the Adriatic coast and their influence 
on the fish assemblage and yield, 25 experimental fishing samplings were carried out from January 
1988 to December 1989, both in a site sheltered with a concrete artificial reef and in an unprotected 
control site. Both the sites are situated along the central Adriatic coast, in front of Senigallia, on a 
sandy-muddy bottom {depth 10-11 m), at a distance of 2.5 miles from each other and 1.2 miles off
shore. The artificial complex, completed in October 1987, consists of 29 pyramids, each made of five 
concrete cubic blocks, and 12 concrete cages for shellfish culture (FABI and FIORENTINI, in press). 

The fishing samplings were carried out monthly with a trammel net {length 500 m; height 2 m; 
inner mesh size 70 mm; outer mesh size 340 mm), lowered into the water at sunset and pulled in at 
dawn, for an average of about 12 hours at sea. 

A total of 41 species were recorded over the two sampling years: 32 were fishes, 4 crustaceans 
and 5 molluscs. Of these 40 species (31 fishes, 4 crustaceans and 5 molluscs) were reported from the 
artificial reef and 32 {27, 2 and 3 respectively) from the control site, corresponding to 98% and 78% of 
the total species composition. The average values of catch were 10.4 kg at the reef site for a total yield 
of 260.5 kg, {59% of the total catch) and 7.3 kg at the control site for a total of 182 kg {41 %). 

Ingredients Crude Ether Carbo- r.letabolic Calcium Phosphorus 

In both sites the catches consisted mainly of fish, other than an exceptional catch of Squilfa mantis 
recorded in April 1989 at the control site (Table 1). Molluscs were mainly represented by Sepia offici
na/is {86%), a sandy-muddy bottom species which concentrates in spring to nearshore for spawning. 
Its bigger catch at the reef with respect to the control site might be related to a greater substrate availa
bility for egg attachment as well as to the reef protection effect. 

protein extract hydrates* energy 

Fish silage 73.4 17.1 1.2 14. 7** 1.0 1.5 
Soyabean meal, defatted 44.0 1.0 39.3 9.4 0.3 0.6 
Fish meal 65.0 4.0 5.0 1l.8 6.0 3.0 
Dried germinated soya 43.9 16.7 28.2 15.4** 0.2 0.6 
Cod liver-oil 100 35.0 
Soyabean oil 100 37.0 
v/heat starch 100 13.0 
Calcium carbonate 38.0 

Includes nitrogen free extract and crude fiber. ** Estinated. 

1'able 2. Amino acid profiles for soyabean meal, fish silage ancl sea bream nuscles. 

Dry germinatecl Fish Sea bream Amino 
acid soyabeans silage muscles requirements* 

( g/100g ) ( g/lOOg protein ) 

Arginine 5.59 4.97 4.14 
Histidine 4.30 3.24 1.97 
Threonine 2.97 3.58 5.63 
Isoleucine 3.64 3.65 2.18 
Leucine 6.09 6.08 6.06 
Valine 3.A6 4.13 3.60 
Lysine (LYS) 4.49 7.23 6.49 
Methionine 1.25 2.48 l.R8 
Tryptophan 0.87 
Phenyl alanine 4.30 3.24 1. 75 
Aspartic acid 15.20 8.19 8.85 
Serine 4.15 3.60 6.63 
Glutamic acid 13.03 12.09 11.54 
Glycine 3.14 4.80 17.45 
Alanine 3.54 5.13 111.57 
Tyrosine 4.03 2.80 1.22 
Proline 4.46 3.')7 3. 71 
Cystine 1.13 0.67 
Availability LYS 4.31 

% availability 96% 100% 
% recovery 83% 79% 

After Sabaut and Luquet, 1974 (Lee. cited Wilson, 1985). 
Percent of protein in the diet. 

1. 7/34** 

1.7/34 

1.4/34 
0.2/3~ 

DIVANACH, P., KEN'l'OURI, M. AND DF.WAVRIN, 1986. Sur le sevrage et 1'evolution des 

Performances biologiques cl'alevins cle daurades, Sparus auratus, provenant 
d' elevage extensif, apres rerrplacement des nourrisseurs--;,;- continu par des 
distributeurs libre service. Aquaculture, 52 : 21-29. 

EISAWY, A. AND WASSEF, 1':., 19fl~. Preliminary studies on rearing of the gilthead 
seabream, Sparus aU!·ata_, in brackish water ponds. Aquaculture,3fl: 25'1-260. 

KRAJ.JEVIC, M., 1984. On the experimental feeding of se,;--;;;=-eam ( Sparus 
aurata L. ) •mder aquaril.lm conditions. Acta Arlriat. 25 (1/2) : 181-204. 

~>IILSON~, 1985. Affine acid ancl protein requirements .;f fish. 1n : Nut~ttion 
and Feeding in Fish. Cowey, r;.a., Mackie, A.M. and !Jell, ,J. (eds), Academic 

Press London, l-16. 

(*) Present address, Girls College, Jeddah, Saudi Arabia. 
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Over the two survey years, the fish reported from the reef exceeded 25% in number and 115% in 
weight those obtained from the control site. Benthic and pelagic species always constituted most of the 
fish catch {85-96%). They were mainly original sandy-muddy bottom species (Trig/a lucerna and Solei
dae: So/ea vulgaris, S. impar, Buglossidium /uteum) as well as transient, gregarious fishes (Sardina pi/
chardus, Engrau/is encrasicholus and Mugilidae: Mugil cephalus, Chelan labrosus, Liza ramada, L. au
rata, L. sa/iens). Their biomass was practically the same in the catches from both sites during the first 
sampling year (1988), while it increased at the artificial complex in 1989. This increment was particular
ly appreciable with respect to S. vulgaris and Mugilidae and it might be in relation to the reef protection 
effect against trawling for the first species and to the reef attraction and aggregation effect for the sec
ond. 

The only reef-dwelling benthic species of commercial value, caught exclusively and constantly at 
the reef site, was Scorpaena porcus, which gradually increased in number during the whole sampling 
period (11 specimens in 1988 and 14 in 1989). 

The man-made structures however noticeably ·influenced the catch of the nekto-benthic species 
immediately after deployment. This group of fish was always present in a low proportion in catches at 
both sites during the entire survey period, but the number and weight reported from the artificial reef 
exceeded 3 and 4 times respectively those from the control site, in both years. 

Such a difference was mainly due to the constant presence and/or increase in catch of some 
species of high commercial value such as Sparidae and Sciaenidae, rare by found at the control site. 
For example, 15 specimens of Lithognathus mormyrus, 1 of Umbrina cirrosa and 1 of Sciaena umbra 
were reported at the control site against 29, 12 and 27 respectively at the reef during the whole survey 
period. In particular S. umbra, which is a typical reef-dwelling species, drastically increased in number 
at the artificial complex from 1988 to 1989 (1 and 26 specimens respectively). 

Table 1 - Average number of specimens and average biomass per catch for pelagic, 
nekto-benthic and benthic fish, crustaceans and molluscs at reef and control sites. 

-------,.....---- .. -
1988 1989 Average 1988-89 

Reel Control Control Reef 

N. catch operations 

PELAGIC FISH 

NEKTO-BENTHIC FISH 1.0 

BENTHIC FISH 16.3 

CRUSTACEANS 

MOLLUSCS 

w (kgl /12h/500m Of Pelagic t 1:sh 

12 12 

W(9) 

1259 

4825 

~ 
~ 

8 W {kOl/12h/500m of Nekto-Benth:lc t )Sh 

9 w (Kgl/12h/500rn of Benthic f 1sh 

W(9) 

2131 

576 

13 25 

W(g) W(g) W(g) W(g) 

32.3 2618 51.3 2404 47.8 5672 

158 3.1 730 

10.0 725 1374 981 15.6 1293 

108.3 5376 1560 26.8 

103,0 13811 

Moreover visual observations evidenced the 
occurrence at the reef of a higher number of reef
dwelling species as well as of individuals for each 
species in respect to the control site. They were 
nekto-benthic hard-substrate species such as 
Dicentrarchus labrax, Diplodus sargus, Diplodus 
vulgaris, living in shelters and/or around the lower 
layers of the artificial bodies, as well as pelagic 
reef-attracted species such as Seriola dumerilii, 
Balistes carolinensis and large schools (hundreds 
of individuals) of Spicara flexuosa and Boops boops 
swimming around the upper ends of the structures. 

The influence of environmental conditions on 
reef effects was shown by seasonal fluctuations in 
fish catch recorded at both sites (Figure 1), with the 
lowest values for most of the species in winter, 
when they are assumed to migrate to deeper and 
warmer waters. The seasonal fish occurrence, also 
confirmed by visual observations, was particularly 
evident for the nekto-benthic fish, which appeared 
from spring to autumn and completely disappeared 
during the winter months. 

Although the reef benefits seem to be reduced 
in winter, the higher catch values obtained from the 
sheltered site show that artificial reef deployment 
along the coast of the central Adriatic sea might be 
effectively useful to influence fish assemblage and 
to enhance nearshore fishing, with the occurrence 
and/or increase of selected species which are ab
sent or rare in the original habitat (BOMBACE et al., 
in press). 

REFERENCES 

BOMBACE, G., FABI, G., and FIORENTINI, L. - FAO 
Fisheries Report, 428. (in press). 

BONSACK, J.A., 1989- Bu/I.Mar.Sci., 44:631-645. 
BONSACK, J.A. and SUTHERLAND, D.L., 1985- Bull. 

Mar. Sci., 37: 11- 39. 
FIGURE 1 - Biomass of pelagic, nekto-benthic FABI, G .. and FIORENTINI, L. - FAO Fisheries Report, 
and benthic fish in catch at reef and control sites. 428. (in press). 
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V-Vll 
Catalogue Faunistique des especes capturees par Ia flotille 

artisanale dans Ia Mer d'Alboran (SE de I'Espagne) 

J.-A. CAMINAS , F. RAMOS , J.-C NUNEZ et J. BARO 

Institute Espanol de Ocaanogralia, Centro Oceanografico de Fuengirola, Apdo. 285, 29640-Fuengirola, Malaga 
{Espana) 

Ce catalogue est le resultat de l'etude de la composition spE!:cifique des prises 
qui, depuis 1987 ont ete realur le littoral sudmediterraneen espagnol, 
faisant partie du projet cooperatif I.E.O./C.E.E. "Las Pesquerias Locales de la 
Region Surmediterranea Espanola {entre Punta Europa y Cabo de Gata)". 

Une des principales caracteristiques de la flotille artisanale qui travaille dans 
le secteur d'etude est la multispecifite des prises.Ce ph6nom€me est la consequence 
d'une h6t€:rogeneite irnportante de l '6cosysteme littoral, cadre physique dans lequel 
la flotille opere. L' ensemble des caracteristiques oceanographiques (plateau 
continental etroit, influence du courant mediterraneen et du courant atlantique, 
nature diverse du substrat, etc.), i.mplique l'existence d'une grande diversite 
d' environnements, qui sont exploi tes depuis tres longtemps par une grande var ie!te 
d'engins de p(khe. 

Le nombre d' especes recensees, capturees par la flotille artisanale est de 224 I 
appartenant a des groupes taxonorniques diff6rents. 

Dans le catalogue suivant, l' importance economiqu.e de chaque espece ainsi que 
l' importance des prises ant ete specifiees par les syrnboles suivants: ( +) espece 
capturee abondemment; { *) espece capturee frequemment; (-) espece capturee 
occasionnellernent; {x) espece rnigratoire capturee saisonnierernent; (T) espece tres 
commerciale; (C)espece commerciale; (P) espece peu conunerciale; (J) espece dans la 
quelle les petites tailles sent aussi commercialist§.es; (E) espece toujours rejetee. 

CL CHONDRICHTHYES 
-c Alopias vulpinus 
-E Cetorhinus maxirnus 
- P Dasiatis pastinaca 

-JC Galeorhinus galeus 
-C Hexanchus griseus 
-c Isurus oxyrynchus. 

-JC Mustelus asterias 
-JC Mustelus mustelus 
-P Myliobatis aquila 
-c Prionace glauca 
*C Raja asterias 
-C Raja brachyura 
-c Raja clavata 
-c Raja naevus 
-c Raja undulata 
*C Scyliorhinus canicula 

-JC Scyliorhinus stellaris 
-JC Squalus blainvillei 
-JC Squalus megalops 

"P Torpedo marmorata 
-P Torpedo torpaedo 

Cl. OSTEICHTHYES 
-C Alosa alosa 

-E Hippocampus spp. 
xC Hirundichthys rondeletii 
-E Lahrus bergylta 
-E Labrus merula 
-E Labrus viridis 
-P Lampris guttatus 
-c Lepidopus caudatus 

-JT Lepidorhombus boscii 
-c Lichia amia 

-c Alosa fallax 
-E Anthias anthias 
-T Aphia minuta 
-E Apogon imberbis 
*T Arnoglossus laterna 
*T Arnoglossus thori 
-P Aspitrigla cuculus 
-c Atherina boyeri 
-C Atherina presbyter 
xT Auxis rochei 
-E Balistes carolinensis 
xP Belone belone 
*E Blennius ocellar is 
+C Boops boops 

*JT Bothus podas 
xc Brama brama 
-C Buglossidium luteum 
-E Callanthias ruber 
-E Callionymus lyra 
-E Capros apper 
-C Caranx rhonchus 
-E Cepola rubenscens 
xc Cheilopogon heterurus 
-P Chelan lahrosus 
-E Chromis chromis 

*P Serranus scriba 
*JT Solea lascaris 
-JT Solea senegalensis 
*JT Solea vulgaris 

-T Sparus aurata 
-E Sphoeroides cutaneus 
-P Sphyraena sphyraena 
-P Spicara flexuosa 
*P Spicara maena 
-P Spicara smaris 

-c Citharus linguatula 
*C Conger conger 
-C Coriphaena hippurus 
*E Caris julis 
-T Cristallogobius linnearis 
-E Dactylopterus volitans 
-T Dentex dentex 
-T Dentex gibbosus 
-T Dicentrarchus labrax 
-T Dicentrarchus punctatus 
-c Dicologoglossa cuneata 
*C Diplodus annularis 
*C Diplodus cerv in us 
*C Diplodus puntazzo 
*C Diplodus sargus 
*C Diplodus vulgaris 

*JT Engraulis encrasicolus 
-T Epinephelus alexandrinus 
-T Epinephelus guaza 
xC Exocoetus volitans 
-P Gaidropsarus mediterraneus 
-P Gymnammodytes cicerellus 
-c Halobatrachus didactylus 
*C Helicolenus dactylopterus 
-E Hippocampus guttulatus 

Cl. GASTROPODA 
-E Astraea rugosa 
*C Bolinus brandaris 
-E Charonia rubicunda 
-E Cyrnatium corrugatum 
-E Cymbium olla 
-E Hinia reticulata 
-E Phaliwn granulatum 
*C Phyllonotus trunculus 
-E Tonna galea *T Lithognatus rnorrnyrus 

*P Liza aurata -T Spondyliosoma cantharus 
*P Liza ramada 
-T Lophius piscatorius 
-E Macrorhamphosus scolopax 
-T Merluccius merluccius 

-JP Microchirus ocellatus 
-c Kicromesistius poutassou 
-P Mola mola 

-JP Monochirus his;pidus 
*P Mugil cephalus 

+JT Mullus barbatus 
+JT Mullus surmuletus 

-E Muraena helena 
-c Oblada melanura 
- P Odeachi lus labeo 

-P Stromateus fiatola 
-E Symphodus ocellatus 
- E Symphodus me lops 
-E Symphodus tinea 
-E Syngnathus acus 
-E Syngnathus typhle 
- E Synodus saurus 
-E Thalassoma pave 
xT Thunnus alalunga 
xT Thunnus thynnus 
-c Trachinotus ovatus 
-c Trachinus araneus 
-c Trachinus draco 
-c Trachinus radiatus 

-E Ophidion barbatum xJT Trachurus mediterraneus 
-E Ophisurus serpens xJT Trachurus picturatus 

+JT Pagellus acarne xJT Trachurus trachurus 
-JT Pagellus bellottii -c Trigla lucerna 
*JT Pagellus bogaraveo -c Trigla lyra 
+JT Pagellus erythrynus -C Trigloporus lastoviza 
+JT Pagrus pagrus -P Trysopterus luscus 

-P Peristedion cataphractum -P Trysopterus minutus 
*T Phycis blenni0; ~~:::; -T Umbrina cirrosa 
•T Phycis phycis -T Umbrina rhonchus 
-P Plectorhinchus mediterraneus -C Uranoscopus scaber 

*JC Pleuronectes platessa xT Xyphias gladius 
-C Polyprion americanus -E Xyrichthys novacula 
- P Pomadasys inc is us -T Zeus faber 
-P Pomatomus saltatrix 

Cl. ~EPHALOPODA 
-c Eledone cirrhosa 
*T Loligo vulgaris 
+T Octopus vulgar is 
-C Todarodes sagittatus 
-P Todaropsis eblanae 
+T Sepia officinalis 
*T Sepia orbygniana 

Cl. CRUSTACEA 
-T Aristeus antennatus 
-P Calappa granulata 
-E Carcinus maenas 
-E Oardanus arrosor 
-T Homarus gammarus 
*E Liocarcinus depurator 
-E Macropodia longirostris 
-T Maja squinado 
-E Mesop0dopsis salaberi 
- E Pagurus pr ideauxi 
-T Pal inurus e lephas 
-T Penaeus kerathurus 
-T Plesionika martia 
-E Schistomistis ornata 
-c Scyllarus arctus 
-c Squilla mantis 

Cl. ECHINOIDEA 
-E Arbacia lixula 

-JT Psetta maxima 
xT Sarda sarda 

Cl. BIVALVIA -E Paracentrotus lividus 

+JT Sardina pilchardus 
-JC Sardinella aurita 

'*P Sarpa salpa 
-c Sciaena umbra 
xT Scomber japonicus 
xT Scomber scombrus 
-E Scomberesox saurus 

-E Acanthocardia aculeata -E Sphaerechinus granularis 
'*C Acanthocardia tuberculata 
+T Callista chione Cl. ASTEROIDEA 
-P Cerastoderma edule 
+T Chamelea gallina 
-E Circornphalus cassinus 
*T Donax trunculus 
-c Ensis siliqua 

-E Astropecten aranciacus 
-E Chaetaster longipes 
-E Marthasterias glacialis 

Cl. OPHIUROIDEA 

-JT Scophtalrous rhombus -E Glycymeris violacescens -E Astropartus mediterraneus 

- P Scorpaena notata 
*P Scorpaena porcus 
'*P Scorpaena scrof a 
-T Seriola dumerilii 
+P Serranus cabrilla 
-E Serranus hepatus 

-P Mactra corallina 
'*T Pecten jacobeus 
-E Ruditapes decussatus 
-P Venerupis pullastra 
+T Venerupis rhomboides 
*C Venus verrucosa 
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-E Ophioderma longicauda 

CL HOLOTHURIOIDEA 
-E Holoturia forskali 
-E Stichopus regalis 
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V-VI2 
Evolution de Ia moyenne vertebrale de Ia Sardine (Sardina pilchardus, 

Walbaum, 1792) le long du Littoral Algerien 

F. OJABALI, B. BRAHM! et M. MAMMASSE 

lnstitut des Sciences de Ia Mer et de I'Amenagement du littoral, Alger {Algerie) 

ln;. rodt 1ct jon: 
Les vertebres de 130 sardines de la baie de Mostaganem (ouest 

algerien) et de 199 autres Provenant de la region de Annaba \est 
algerien) oot ete deoombrees (condyle occipital exclus a urosble 
ioclusl. afio de situer l'evolution de la moYenne vertebrale le long 
du littoral algerieo.Les resultats de Bouchereau (1981l a Orao et de 
DJabali et Mouhoub (1989) a Alger etant utilises a cet effet. 

Resul tats: 
Comme ce qui a ete observe eo region d'Alger, le nombre de ver

-tebres vari e de 50 a 53 <DJabal i et Mouhoub , 1989J · pour 1 es deux 
regions etudiees, la plus forte ProPortion revenant aux individus 
ayant 51 vertebres < Tab 1 eau 1 l . 

50 51 52 53 

r Annaba 3.5 52.8 42.7 1 

[ Mostagaoem 4.6 63.8 30.8 0.8 

Tableau 1 : Pourceotage du nombre de vertebres 

Comparaj son des resqltats: 
La comparaison des moYenoes vertebral es de Annaba et de Mosta

-ganem entre elles et avec la valeur obtenue Pour la region d'Alger 
< DJabali et Mouhoub, 1989 l par le test de l'ecart-reduit, nous a 
conduit aux resultats ci-aPres : 

Regions Moyeooes vertebra 1 es Ecart-redui t 

Annaba 51.41 2.04 
Mostagaoem 51.28 (**) 

Annaba 51.41 0.89 
Alger 51.45 (•) 

Mostagaoem 51 .28 3.06 
Alger 51 .45 t••) 

<**l Difference significative au risque de 5% 
(*) Difference non significative au risque de 5% 

De cette en1oe comparative et eo i'eorenar~t 1 es resu ltdt.s ,-,t;'~"'nc:c; 
par DJabali et Mouhoub ( 1989 ), le Premier gr·oupement oef1•,·i 
Kart as { 19'81 l devrai t s 'etendre de Tanger a Mos.l:aganem autoui 
moyenne de 51 . 29 

Concl1Jsjons: 
Cette etude a permis de preciser une des bornes est au p;·em;e:;· 

groupemeot de sardines maghrebi oes, a savoi r Mostaganem, 1 a sard~ ne 
de l a region d' Or an avec uoe moyeooe vertebral e de 51 . 29 ( Bouche-· 
-reau, 1981 l s' i otegrant parfaitemeot dans ce contexte. 

D' autre part et bien qu · une etude ulterieure de la region 

e~m~~i f~ ~'~~&r!~~~r 0~~ ~~~~~~ i ~~~~e~e d~~c~~~~~~~~ ~~r~~~~~f ~~. e~~ re 
le centre algerien <51.43 a 51.51), la region de Annaba et le nord 
tunisien ( 51.41 - 51..42 l. que la suggestion de quatre groupements 
lKartas,1981 l de sardines maghrebines peut-etre ramenee aux trois 
groupements sui vaots : 
"' Premier groupement: de Tanger <Maroc l a Mostaganem (A l geri el 51 . 29 
• Deuxieme groupement: de Cherchell lAlgeriel a KelibialTunisiel 51.46 
* Troisieme groupement: de SousselJunisiel a Sfax<Tuoisiel 51.57 

Bibljqgraphje sommajre: Bouchereau,J.L.,1981-These Doct.3eme 
·eye 1 e, Uni v. A i x-Marsei 11 e II I DJaba 1 i, F. et Mouhoub, R. 1989-Pe 1 agos
vol.III-Fasc.1 I Kartas.F.,1981-TMse Doct.Etat, Fac.Sci.Tunis. 
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V-Vl3 
Sur quelques caracteres biometriques de I'Aiguille Ty/osorus acus 
imperialis (Rafinesque, 1810) (Belonidae) des Cotes Tunisiennes 

Monia TRABELSI et Fredj KART AS 

Laboratoire de Biologie at d'Ecologle Littorale. Facult6 des Sciences de Tunis, {Tunisia} 

La famille des Belonidae est representee dans les eaux cotieres tunisiennes par trois 
especes dont Ia diagnose a ete mise au poirit par Collette et Parin (1970). II s'agit de Be/one 
be/one gracilis Lowe, 1839, Be/one svetovidovi Collette et Parin, 1970 et Tylosorus acus 
imperialis (Rafinesque, 1810). Les donnees concernant leurs caracteristiques morphologiques et 
biologiques sent inexistantes pour Ia Tunisia et tres peu nombreuses pour les autres regions. Afin 
de combler partiellemeAt cette lacune, nous nous proposons de rapporter dans Ia presente note 
les resultats relatils a Ia biometrie de T. a. imperialis; les principaux caracteres meristiques 
des populations tunisiennes des deux premieres especes ont deja fait !'objet d'une communication 
(Kartas et Trabelsi, 1988). 

Nombre de rayons a Ia dorsale 
23 24 25 26 

Tunisie 
Mediterranee' 

17 
14 

10 
8 

Nombre de rayons a l'anale 
20 21 22 23 

Tunisie 19 
Mediterranee' 16 

Nombre de rayons aux pectorales 
13 14 

Tunisie 24 

Nombre de vertebras 
91 92 

Tunisie 
Mediterranee' 

Hauteur de !a tete 
Diametre de l'oeil 
Longueur des pectorales 
Longueur du preopercule 
Distance interorbitaire 
Hauteur de !a dorsale 
Longueur des pelviennes 
Distance postorbitaire 
Largeur de Ia tete 
Hauteur de l'anale 

93 

6 
6 

94 95 96 

II 

Tunisie 
0,0504X + 8,784 
0,0017X + 22,194 
0,0796X + 14,363 
0,0469X + 3,065 
0,0377X + 8,476 
0,0204X + 36,0 II 
0,0794X + 4,430 
0,0845X + 7,017 
0,0381X+ 12,851 
0,0886X + 5.208 

N moyenne ecart type 

30 24,233 
26 24,385 

0,626 
0,752 

N moyenne ecart type 

30 21,933 0,691 
24 22,333 0,481 

N moyenne ecart type 

30 13.20 I 0,407 

N 

30 
27 

moyenne ecart type 

94,301 1,291 
94,185 0,834 

Mediterranee• 
0,0677X- 2,696 
0,0433X- 0,762 
0,1163X - 5,436 
0,0436X + 0,462 
0,0538X- 2,753 
0,0836X- 0,757 
0,09!6X - 4,068 
0,1026X- 1.329 
0,0714X- 3,833 
0.0900X + 0,633 

(Les donnees de Collette et Parin ( 1970) sont designees par Mediterranee* l 

Nos observations ont porte sur 30 individus (21 males et 9 femelles) provenant de 
divers lots peches en mai 1989 sur Ia rote sud-est tunisienne. Leur longueur du corps (du bard 
posterieur de l'opercule a Ia base de Ia nageoire caudale) mesurait entre 460 et 590 mm et ils 
pesaient entre 483 et 883 g. Quatre caracteres meristiques et dix caracteres metriques ont ete 
analyses et compares, a !'exception du nombre de rayons aux nageoires pectorales, aux 
nisultats fournis par Collette et. Parin (1970) d'apres !'observation d'individus captures au large 
du Liban. 

Pour ce qui est des caracteres meristiques, nous constatons que les moyennes obtenues 
son! statistiquement confondues pour le nombre de rayons a Ia nageoire dorsale et pour le 
nombre de vertebras et !res voisines pour le nombre de rayons a Ia nageoire anale. Cette grande 
homogeneite des moyennes traduit une stabilite pariculierement remarquable des caracteres 
meristiques de T. a. imperialis dans les deux secteurs est et ouest du bassin oriental de Ia 
Mediterranee. 

Quant aux caracteres metriques, les equations lineaires etablies par Ia methode des 
moindres carres decrivent Ia croissance relative de certains organes et proportions du corps en 
fonction de Ia longueur du corps prise comme longueur de reference. Leur comparaison avec 
celles calculees par Collette et Parin ne peut pas etre rigoureuse etant donne que les specimens 
etudies par ces derniers auteurs sont trop petits (LC = 156-490 mm) par rapport aux n6tres. 
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V-Vl4 
On the presence of Pomatoschistus minutus (Pallas) in a Southern 

Tyrrhenian Coastal Lagoon (Pisces, Gobiidae) 

M. IANNIBELLI" and G. SPEZIE .. 

•rstituto di Tecnologia della Pesca e del Pescato, C.N.R., Mazara del Vallo (ltalia) 
.. lstituto di Meteorologia e Oceanografia, !.U.N., Napoli (11alia) 

Pomatoschistus minutus (Pallas, 1770) is a benthonic, euryaline 

species whose young specimen~ are also possible to be found in es

tuarial areas (Miller, 1973; l'vliller, 1986). 

From a zoogeographical point of view P. minutus was always con

sidered as a go by included in the Mediterranean ichthyofauna, but 

lately, by recent authors its presence was assured only for some 

northern parts of the Mediterranean sea, like the Gulf of Genoa or 

the Venetian lagoon (Tortonese, 1975; Miller, 1986). 

Indications of the presence of this goby in more meridional 

Mediterranean areas, Morocco and the opposite coasts of Spain, 

were previously given by Wiktor (l962).Moreau too (l89l)pointed 

out the presence of this goby on French and Algerian coasts. 

In the course of a research for determining the effects of 

meteomarine conditions on the fish fry migration in coastal la

goons (Iannibelli et al., 1988, 1989) some specimens of P. mi-

nutus were captured. 

Species identification of specimens was carried out 

following Tortonese (1975). 

It can be easily evidenced that P. minutus was always cap

tured in entering flow conditions, with .a velocity of stream 

exceeding 7 em/sec. (from 7 to 9 em/sec.). The salinity, in 

sampling cases, was always exceeding 35. 30%., (range from 35.30 

to 37.13%. ), while the water temperature was always higher than 

12.530 C (from 12.53 to ::!..3.75° C). 

According to the above data P. minutus can be considered a 

marine species entering brackish environments not only in young 

stages (Miller, 1988) but also in adult forms. 

Concerning the distribution of the species, P. minutus is 

a goby very well represented in northern seas, certainly present 

in the Mediterranean as far as the Gulf of Naples (40° 50' lat.N) 
southward. 

More investigations are requ'i:red to precise if P. minutus 

is present also in more meridional Mediterranean stations as 

Carus indicated (1889), always considering that this goby has a 

quite spotted distribution, very probably, as Miller (1976,1986) 

suggested. 

Common names of P. minutus in some Mediterranean countries 

(Bini, l968h Bourgette (Fra. ); Ghiozzetto minuto (Ita.); 

Glav~cic pjeskulja~ (Yug. ); Gob;tu longu (Mon. );Cabuxino (Spa.); 

Hurma kaiassi (Tur. ). 
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On the occurence of Oedalechilus labeo (Cuv.) in a Mediterranean 

Euhaline Lagoon (Pisces, Mugilidae) 

M IANNIBELLI" and G. SPEZIE .. 

"lstituto di Tecnologia della Pesca e del Pescato, C.N.R .• Mazara del Vallo (ltalia) 
.. lstituto di Meteorologia e Oceanografia, I.U.N .• Napoli (ltalia) 

*~!{i ~{~0 dhi~f~~~ogia della Pesca e del Pescato, C.N.R., Mazara 

**Isti tuto di Meteorologia e Oceanografia, I. U.N. ,Napoli (Italia) 

Oedalechilus labeo ( Cuvier, 1829) is a Mediterranean species 

commonly considered as a marine one (Bini, 1968; Trewavas, 1973; 

Tortonese, 1975; Ben Tuvia, 1986); as a consequence, it is extreme

ly difficult to find this mullet in lagunar fish samples. 

During the course of a research in lake Fusaro, for determin

ing the influence of meteomarine conditions on fish fry displace

ments in coastal lagoons (Iannibelli et al., 1988, 1989) some speci

mens of 0. labeo were captured in one of the channels connecting 

this lagoon, considered by Carrada (1973) as an euhaline one, with 

the sea. 

Indications about the particular fishing-net used and the 

meteomarine parameters recording system were previously given 

(Iannibelli et al., 1988). 

Species identification of specimens was carried out follow

ing Trewavas and Ingham (1972) and Tortonese (1975). However, 

morphological peculiarities of 0. labeo make 

sis of this species quite unfailing. 
the diagno-

The presence of 0. labeo was noted on four of the six days 

of sampling, from January 17th to March 3rd, 1986. 

It is interesting to note that, in all the cases of capture, 

the salinity of the water ranged from 37 .15%b to 37. 30%.. and the 

Toe was exceeding the 130 C (from 13.24°C to 14.04DC). 
Dissolved oxygen was always in oversaturation, exceeding the 

8.1 mg/1 and water flow has been observed in entering condi tiona 

(from 5 to 9 em/sec.) in three cases, in stationary condition in 

the fourth. 
It is necessary to consider that undoubtedly no displacements 

of o. labeo fry have been noted, being all specimens longer than 

130 mm. (S.L.), while in the same station all the other Mugilidae 

species fry have been captured (Iannibelli et al.l988, 1989). 

This preliminary data supports precise indication of the 

fact that o. labeo is surely a species with strong marine pre

ferences,. as environmental parameters (fig. 3) show and litera

ture reports (Bini, 1968; Tortonese, 1975; Trewavas, 1976). 

It has to be evidenced instead that, in some particular condi

tions, this mullet can also be found in brackish environments as 

southern Mediterranean coastal lagoons, lake Fusaro for the Tyr

rhenian site or the lake of Lesina for the Adriatic one (Villani, 

1988). 

Common names of O.labeo in some Mediterranean countries( Bini,l968): 

Mulet labe'on, mange-sabon, sabounie' ( Fra. ) ; Kif on siftani 

(Isr. ); Cefalo labrone (Ita.); Cipal s~pljak (Yug. ); Kaplat bur[ 

(Mal.); Miisarn labrun (Mon.); Bouri (Mor. ); Caluga (Spa.); 

Dudakli kefal (Tur. ). 
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V-Vl6 
Note Preliminaire sur Ia presence d'un Gobie (Gobius vittatus 

Vinciquerra, 1883) dans les Eaux Turques 

M. KAVA' . H.-A. BENU'• et S. MATER' 

'Ega University, Faculty of Sciences. Department of Hydrobiology/Biology, Bornova, Jzmir (Turkey) 
.. Dokuz Eylul University, Institute of Marine Sciences and Technology, Konak. lzmir (Turkey) 

Il y a peu de travaux sur les especes de la famille 
des Gobiidae concernant les cotes de Turquie. Parmi ces 
travaux les plus importants sont: SOZER (19.41), MILLER 
(1982), MATER et KAYA (1986) et KAYA et MATER (1987). 

En juillet 1989, nous avons trouve !'occasion de faire 
un trait de chalut sur fonds algaux (Vidalia sp., et Codium 
bursa) de 30 a .40 m aQx environs de Bodrum (Fig. 1). 

Figure 1. Station de prelevement. 

Parmi les poissons recoltes sur ce fond, l'un "Gobius 
vittatus" n'a jamais ete signale des cotes de Turquie (Fig. 
2). Les caract eres morphomet rique et meri st ique de cet t e 
espece sont presentes dans le tableau (Tab. 1). 

A l'exterieur des cotes de Turquie, cette espece a ete 
deja signalee en Mer Egee par ONDRIAS 0971), TORTONESE 
( 1975), MILLER in WHITEHEAD et al. ( 1986) et 
PAPACONSTANTINOU ( 1988). 

Figure 2. Gobi us vi ttatus Vinciquera, 1883. 

Table 1. Caracteres morphometrique et meristique de G. vittatus 

Longueur totale 
Longueur standart 
Hauteur maximum 
Longueur de la tf!te 

.4.4. 70 mm 
37.60 mm 

6.50 mm 

10 • .40 mm 

Longueur de museau 2.50 mm 

Diametre horizontal de l'oeil 3 • .40 mm 

Longueur pre -dorsal 7.90 mm 

Longueur pre - anale • 19.50 mm 

Nombre de rayons de la 1::: nag eo~ re dorsal e 
Nombre de rayons de la 2 nageo1 re dorsal e 
Nombre de rayons de la nageoire anale 
Nombre de rayons de la nageoire ventrale 
Nombre de rayons de la pectorale 
Nombre d' ecailles en ligne longitudinale 
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V-VI7 
Utilisation du Locus Gapdh-1 comme marqueur genetique dans Ia 

difterenciation de stocks de Merlu (Merluccius merluccius) 

A. VILA , J.-L. GARCIA-MARIN , F. UTTER et G. PLA 

Laboratori d'lctiologia, Estudi General de Girona (U.A.B.), Pla9a Hospital 6. 17071 Girona (Espana) 

INTRODUCTION. L'identification des individus et populations est une necessite tres general dans Ia 
gestion piscicole et dans Ia recherche biologique. Cependant, cette identification necessite des 
marqueurs adequats. Generalement, les especes peuvent etre differenciees par des caracteristiques 
morphologiques, mais en ce qui concerns une espece par ces methodes, !'identification d'individus qui 
peuvent arrivera constituer des populations differenciees ou des stocks, est difficilement possible, en 
general, et quelquefois impossible. Precisement, Ia difficulte pour pouvoir identifier des stocks 
differents d'une espece precise represents, actuellement, l'un des problemas les plus importants 
qu'affrontent les programmes de gestion piscicole (Allendorf et al. 1987). 
La recherche de caracteres genetiques qui puissant servir comme marqueurs pour des groupes 
genetiquement distincts et une connaissance adequate de leur structure populatoire, representant un 
exemple des donnees qui peuvent etre utilisees pour les etudes differentielles de poissons. La plus 
grande partie de !'information genetique obtenue dans ce sens, a ete fournie par I' analyse de Ia variation 
enzymatique detectee par electrophorese (Utter 1987). 
Ce travail presente les valeurs des frequences geniques du locus GAPDH-1, obtenues a partir de 
!'analyse de Ia variabilite genetique etudiee dans diverses populations naturelles atlantiques el 
mediterraneennes de Merluccius merluccius. ainsi que son application en tant que marqueur genetique 
differential des dites especes. M.merluccius se trouve dans !'Atlantique Nord et en Mediterranee. Cette 
espece se distribue depuis les c6tes de Norvege jusqu·a Ia rote Nord du Maroc et depuis Ia mer Noire 
jusqu'au detroit de Gibraltar. II s·agit d'une des resources en peche de grande valeur economique pour 
certains pays mediterraneens et il genere d'importantes zones de· peche aussi bien dans !'Atlantique 
qu·en Meediterranee. 
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FIG. 1 : Proportions de chacun des deux alleles du locus GAPDH-1 dans les diverses localites 
echantillonnees 

METHODOLOGIE. Pour ce travail on a examine 285 individus de cinq localites mediterraneennes et 
123 de deux atlantiques. Les echantillons pris sur des merlu d'une longuer moyenne de 20 em ont ele 
conserves a -70'C jusqu'a !'analyse electrophoretique. 

RESULTATS. On a detecte 31 loci codifiants pour 17 enzymes. Dix de ces loci ont montre une 
variation gtmetique bien que seulement 5 de ceux-ci peuvent etre consideres polymorphiques au niveau 
de 5%. On n'a pas observe d'heterogeneite pour les frequences alleliques entre les cinq populations de Ia 
Mediterranee ni entre les deux de !'Atlantique. Par contre le degre d'heterogenelte entre les echantillons 
de !'Atlantique ei de Ia Mediterranee est grand pour tousles loci saul GPI-1 ( GAPDH-1, x.2,88.433, 
d.d.l.=1, p<0.05; G3PDH-1, X2=4.828, d.d.l.=1, p<0.05; GPI-1, X 2=1.363, d.d.l.=2, p>0.05; GPI-2, 
X 2=12.481, d.d.l.=3, p<0.05; SOD, X2=11.342, d.d.l.=2, p<0.05). Le locus GAPDH-1 a montre une 
variation genetique pour deux formes alleliques et les valeurs des frequences alleliques trouvees pour 
les populations atlantiques presentent un comportement different de celui des popula!'ions 
mediterraneennes. Sur Ia Figure 1 on montre ces valeurs representees sous forme de diagramme 
circulaire sur lequelle sont indiquees les proportions de chaque allele pour les diverses localites 
echantillonnees. 

DISCUSSION. Des travaux realises sur diverses especes de Merluccius ont montre une grande 
uniformite entre les divers echantillonages analyses dans une meme zone (Mangaly et Jamieson. 1978; 
Grant et al., 1988). Cependant, Pia et al. (1990) on trouve une grande differentiation gene!ique entre 
les populations mediterraneennes et atlantiques, superieure a n'importe quelle autre decrite pour cette 
espece, provoquee par Ia frequence du locus GAPDH-1. Ce qui nous a mene done a confirmer dans ce cas. 
!'existence de deux populations bien differenciees quant au merlu du Nord de r Atlantique: I' Atlantique 
meme et Ia Mediterraneenne. Le comportement du locus GAPDH-1, est done interessant et important 
par sa frequence qui ne varie pas de maniere significative entre les 2 populations si eloignees de 
!'Atlantique, ni parmi les 5 populations mediterraneennes, mais si que cette frequence serait 
caracteristique et tres differente entre ces 2 zones. Ces resultats sont en accord avec Ia differentiation 
morphologique decrite precedemment entre especes de ces deux zones (Cadena! 1952). Ce comportement 
clair que presents le locus GAPDH-1 nous a amene a en deduire que nous pouvons prendre ce 
comportement comme un type de marqueur genetique pour differencier les populations de ces deux 
zones. 
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The induction of maturation of female Grey Mullet (Mugil capito Cuv.) 

E.-M. AMIN and Kh.-A. HUSSEIN 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

ABSTRACT. This work is a report of the results obtained from a series of laboratory experiments on induced 

spawning of the grey mullet (Mugil capita Cuv.). Migrating females were collected from lake Edku (40 km to the east 

of Alexandria) during their exodus to the Mediterranean Sea for spawning (October to December 1989). 

Females were injected by carp pituitary and Synahorin. Histological studies were carried out to examine egg 

maturation before stimulation. 

Fig.1. Ripe egg with a single 
oil droplet. 

Fig. 3. Unripe egg with oil 

droplets around nucleus. 

Fie;.2. Ripe egg with two or 
more oil droplet&;. 

~-l!':.'+· l'Ja1:urJ.ng egg, Cy-t:Op.l.asm 

filled with yolk granules. 

Three times injected females gave ripe eggs (Fig. 1) when gently pressed on the belly. Ripe eggs were 

spherical and transparent. The egg surface smooth and unsculptured. Average egg diameter measured 0.83 mm. A 

centrally positioned large oil globule measured about 0.33 mm. Most riP." eggs appeared with one prominant large oil 

globule making them extremely buoyant. 

Before release in Petri dish containing sea water many eggs appeared with two or more oil globules (Fig. 2). 

During examination in sea water, diffusion of oil globules took place. The number of oil globules of mugilids was 

shown to increase with the manual pressure of artificial stripping (Kuo et at, 1973a). The normal eggs frequently 

appeared with a single oil droplet (Nash et al., 1974). 

The success of the often used induction techniques was extremely connected with the degree of gonad 

maturation (Hussein, 1982). Not all of the induced females gave positive results when treated with CP and 

Synahorin. Response to hormonal stimulatio~ was noticed when the histologically examined eggs contained 

comparatively large oil globules around the nucleus which lost its circularity and began to migrate towards the animal 

pole. Zona radiata, very thin ao<!. externally followed by the epithelial follicle. Connective tissue layer was too thin to 

observe (Fig. 3). 
Negative results were obtained when the eggs contained spherical and centrally positioned nucleus. 

Cytoplasm filled with yolk granules and surrounded by still thick zona radiata (Fig. 4). 
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The Ripeness of Eggs of Induced European Eel (Anguilla anguilla}, 

with notes on the changes of oil globules 

E.-M. AMIN 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

ABSTRACf. Results of this work were obtained from the comprehensive studies carried out on the European eel 

(Anguilla anguilla L) inhabiting the Egyptian delta lakes between 1974 and to day. The used material was collected 

from lake Edku during the spawning migration in 1988-1989. Females of migrating silver eel were injected by carp 

pituitary (CP) and HCG. On reaching stage IV of maturation, the ovaries occupied the entire body cavity, oocytes 

enlarged in size (0.60 mm ), nucleus was centrally positioned, nucleoli adherent to the nuclear membrane, and dense 

deposition of yolk granules. 

After completion of trophoplasmic growth (stage IV of maturation), the directly following process of 

ripening occured in 2-4 days, this period was classified into four distinguished phases. Each phase developed within a 

period of time from 15 to 24 hours. First phase: Egg diameter about 0.69 mm, nucleus started its migration toward 

the anima! pole and began to lose its circularity. Yolk granules appeared in groups and began to diffuse thence 

homogenize in the periphery of oocyte (Fig. 1). Second phase: egg diameter about 0.80 mm, nucleus with 

disintegrated membrane appeared near the egg cover. Homogeneity of yolk granules inc.reased, small granules 

appeared in red-orange stained (Fig. 2). Third phase: a characteristic increase in number and size of oil globules 

(more than 10), oocytes were more transparent, karyoplasm in the state of prophase and about full homogeneity of 

yolk (Fig. 3). Fourth phase: Ripening condition, variable numbers of oil globules, mostly less than ten, and counted 

from four to six in some oocytes. Other oocytes appeared with one prominant oil globule (Fig. 4). 

Such artificial maturation brought about by the effect of hypophysial and hormonal injections reveals that 

CP and HCG could stimulate the gonadotropin secretion in female silver eel to develop its sexual cells in successive 

developmental stages. This result suggests that the amount of gonadotropin releasing hormone is one of the main 

factors which regulate the speed of gonadal development 
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V-VII3 
Effect of induced gonodal development and starvation on 

blood contents of Anguilla anguilla L. 

E.-M. AMIN 

National Institute of Oceanography and Fisheries. Alexandria (Egypt) 

Fishes of migrating silver Eel Anguilla anguilla were kept in 
special tanks under certain environmental conditions. Hormonal 
induction was carried out for gonadal development, experiments 
extented to 40-70 days without any food supply. Other fishes were 
starved for 330 days. Hemoglobin content, hematocrit value, red blood 
cell count and leukocytes contents were examined. Hematological 
studies were done to determine the alterations which occured in the 
blood during induced gonadal development and starvation. 

Blood was obtained by transection of the caudal area for all the 
previous examinations. A drop of blood was used to make the smear 
and .stained with a May-GreenWald {M-G) giemsa. 

In female silver Eel treated with a combination of carp pituitary 
(CP} and human chorionic gonadotropin (HCG) to ovulation hemoglobin, 
hematocrit and red blood cells count were sharply decreased in 
samples taken from injected fishes (ripe stage). In male silver Eel 
treated with (HCG). hemoglobin and hematocrit continuously decreased 
with gonadal development from immature (control) to ripe conditions 
(spermiation), but there was no change in erythrocyte count (Table 1). 

Leukocytes counts (white blood cells) did not vary during 
consecutive gonadal development in both sexes, this virtually 
reflected that there was no pathological state of the blood. 

During starvation, the loss of body weight of males from 150g to 
60g and females 700g to 250g was more severe followed by a marked 
decrease of lipid and protein contents in the whole body (Amin, 1988). 
Such reductions in body weight, lipid and protein contents were 
accompanied by significant decrease in all hematological contents of 
male and more significant in female silver Eels (Table 1 ). 

Table 1 : Hematological changes on fish 

sex control ripe fish starved fish 

Hemoglobin concentration c? 11.9±0.51* 9.9±0.92 6.9 ±0.41 
(g/1 OOml) (30) .. (20) (10) 

~ 10.1±0.91 4.2±0.19 2.0±0.21 
(30) (6) (4) 

Hematocrit (%) 0 34.1±2.9 27.1±1.91 21.9±1.53 
(30) (20) (10) 

~ 30.1±2.9 24.6±2.01 20.1±1.67 
(30) (6) (4) 

Red blood cell count d' 2.61±0.19 2.63±0.29 0.88±0.28 
erythrocytes (mm3)x1o6 (30) (20) (10) 

<? 2.47±0.15 0.90±0.12 0.67±0.25 
(30) (6) (4) 

• = mean ± standard deviation 
•• = number of fish 

In conclusion, the experimented silver Eels during their gonadal 
development and complete starvation were anemic. The abnormality in 
the formation of hemoglobin which depend mainly on the amino acid 
and iron percentages lead to the formation of cell anemia. Such 
condition may further expressed by the extremely low values of 
hemoglobin, hematocrit and loss in red blood cells. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 

I 



I 

V-VII4 
The behaviour of migratory Eels (Anguilla anguilla L) in 

response to lunar period, winds and rainfall 

Kh.-A. HUSSEIN and E.-M. AMIN 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

The Egyptian 'brackish delta Lakes (Edku, Burollos and 
Manzalah) constitute important resources for Eels fishery. Fyke nets 
are the main used gear. 

Changes which take place in the morphological characters 
before spawning migration, behaviour and size of catch with relation 
to the moon phase, winds and rainfall were studied during the period 
from October 1985 to September 1986 in Lake Burollos. 

Certain morphological changes took place before the onset of 
seaward spawning migration (October-February). Yellow Eels which 
were residents of the lake changed into silver sea-going Eels. The 
head became narrow, snout acute and eye diameter enlarged as 
shown in the following Table and Fig.1. 

A Table showing the morphological measurements of silver and 
yellow Eels. 

Characteristics Silver Eel Yellow Eel 
(narrow head) (wide head) 

Head length 
(% of total length) 10.0 12.6 

Head width 
(% of head length) 25.1 26.9 

Snout width 11.9 15.9 

Eye diameter 11.7 9.3 

Such changes undoubtedly facilitate swimming and vision to 
evade predators during the very long spawning migration. 

The Eels catch extremely increased in periods coincided with 
the waining of the moon. Rainfall played the same role of increasing 
the catch of fyke nets distributed in four different areas inside the 
lake, especially in nights of full moon as shown in Fig. 2 which 
represented the catch of an area located near the lake-sea opening. 

Fig.1 : Migrating silver Eels with 
narrow heads and pointed snout 
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Fig.2 : Eel catch with relation to 
the moon cycle. Arrows indicate 
to time of rainfall 

Apart from the influence of moon phase on the orientation of 
Eel and consequently on the size of catch, the influence of wind was 
significant. Since, during the lake-sea migration, the Northern, North 
Western, and Western winds were frequently prevailing. Such winds 
affected water circulation in Lake Burollos, and furthermore 
affected the locomotor activity of Eels. Locomotor activity in Lake 
Burollos is directed towards the North-East, where the inflow of sea 
water to the lake through lake-sea opening. 

Knowledge of previously stated influences which affect Eels 
behaviour, virtually facilitates the determination of suitable time 
for intensive migration and consequently for the prediction of the 
size of Eels catch. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 
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V-VIIs 
Etude de quelques modalites de !'absorption de Ia Glucosamine par 

l'intestin de I'Anguille (Anguilla anguilla Linne 1758) 

B. TRITAR". S. CHABCHOUB-ELLOUZ' et G. PERES'' 

"Laboratoire de Physiologie Anima/e. Facu/te des Sciences, Cam~us Universitair~, 1060 Tunis (Tunisia) 
.. Laboratoire Mari1ime de Physiologie, Jnstitut Michel Pacha, 83000 Tamans-sur-Mer (France) 

D·ans Ie cadre des etudes entreprises sur !'absorption 
digestive chez l'Anguille (TRITAR et coli., 1986, 1988.), il nous a 
paru opportun d'etudier !'action de quelques facteurs chimiques sur 
le deroulement de !'absorption de Ia D- glucosamine afin de preciser 
Ies mecanismes mis en jeu. 

Les experiences sont effectuees in-vivo a 20° C selon le 
protocole qui a ete decrit par PERES et coli., 1973 et qui consiste en 
une perfusion continue de I'intestin du poisson. La solution 
physiologique de Ia D- glucosamine a 0,5 mM en presence d'un 
marqueur radio-isotopique (Glucosamine I 4C) permet Ia 
determination des quantites de glucosamine absorbees par I'intestin 
pendant 30 minutes. 

Nos experiences portent sur !'etude des facteurs suivants: 
!'ion sodium et l'ouabai'ne. 

L'absorption d'une solution de Ringer a differentes 
concentrations en sodium (9%o, 6%0 , 3%0 et 0%0 ) contenant de Ia 
glucosamine a 0,5 mM est envisagee. 

Le manque de sodium est compense par du potassium, qui 
ne provoque aucune alteration de Ia fonction absorbante de 
I'intestin d'apres les travaux de PONZ et LLUNCH, 1971. 

Les resultats sont ex primes en j.1 M de glucosamine 
disparues du liquide de perfusion par gramme de tissu intestinal 
frais et rassembles dans Ie tableau I. 

Concentration en Nacl O"'oo 3%., 6"/ao SO/oo 
jOuantite de glucosamine 0,367 0,488 0,725 1,071 
labsorbee en j.tM/gramme +-0,026 +-0,049 +-0,042 +-0,046 
de tissu intestinal frais r 

Tableau I. 

Nous constatons que Ia quantite de glucosamine absorbee 
augmente avec !'elevation de Ia concentration en sodium dans le 
perfusat. 
L'analyse statistique des resultats montre que le deficit en sodium 
provoque des inhibitions hautement significatives. Ceci nous permet 
de penser que !'absorption de Ia glucosamine par I'intestin de 
l'Anguille presente une composante dependante de sodium. 
L'absence totale de sodium provoque une inhibition de !'absorption 
de Ia glucosamine de 65,73%, alors qu'elle n'est que de 46% 
seulement pour Ie glucose chez le meme animal et dans les memes 
conditions experimentales (TRITAR et coli. ,1986). 

L'absorption d'une solution de Ringer a 9% 0 de Nacl 
contenant de Ia glucosamine a 0,5 mM est envisagee en presence 
d'ouabai'ne a Ia concentration IQ-4 M. 

Les resultats obtenus sont groupes dans le tableau 2. 

Concentration en ouabai'nel Temoin ouabai'ne 10-4MJ 
Quantite de glucosamine 1,071 0,747 

J en j.tM/gramme de tissu +- 0,046 +· 0,068 
intestinal frais 

Tableau 2 . 

Nous remarquons qu'en presence d'ouabai'ne !'absorption 
de Ia glucosamine est inhibee de 30,19% par rapport au temoin. 
Cette inhibition est de 45% pour le glucose chez le meme animal et 
dans Ies memes conditions experimentales (TRITAR et coli. 1986). 

L'analyse statistique des resultats montre que !'inhibition 
provoquee par I'ouabai'ne est hautement significative 

L'ouabai'ne etant connue comme inhibiteur specifique de 
I' A TPase Na+- K + dependante, il est permis de penser que 
!'absorption de Ia glucosamine presenterait une composante sensible 
au metabolisme energetique pour maintenir le gradient sodium 
(KIMMICH et RANDLES, 1972). 
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V-VII6 
Deplacements des pieces osseuses composant les machoires 

pharyngiennes superieures de Serranus scriba ( Poissons, Serranidae) 
lors de Ia prise de nourriture. Premiere analyse 

P. VANDEWALLE at M. HAVARD 

Univarsite de Uega. lnstitut de Zoologia, 22. quai Van Banaden, 4020 Liege (Belgique) 

SUMMARY - The three osseus components of the upper pharyngeal jaws of Serranus scribB 
are able to move with some freedom. 

INTRODUCTION - Chez les Perci formes, ce sont generalement les macho ires ou os pha
ryngiens qui traitent la nourriture et la mene a l'oesophage (LIEM, 1978; LAUDER, 
1983). Les deux as pharyngiens infErieurs sont parfois soudes pour ne former qu 1 une 
seule miichoire (LIEM et SANDERSON, 1986) tandis que les os pharyngiens superieurs 
en constituent toujours deux. Ces derniers sent chacun compose de pharyngo-branchiaux 
exceptionnellement soudes entre eux, et recouverts de plaque dentee. Toutes les 
Etudes considerent les mouvements des mBchoires pharyngiennes super ieures lors du 
traitement de la nourriture comme s'il s'agissait de ceux d'une piece unique (par 
exemple AERTS et al., 1986; CLAES et DE VREE, 1989) meme si ses composants apoarais
sent assez libres les uns des autres. Chez Serranus scriba 1 chaque m3choire pharyn
gienne sup8rieure est compos8e des -deuxieme et traisieme pharyngo-branchiaux 
couverts de dents et d'une plaque dentee posterieure (BENMOUNA et al., 1984). Les 
trois Elements sont unis par du tissu conjoncti f mais semblent poss8der cependant des 
possibilit8s de mouvements autonomes. C'est ce que nous voulons mettre en Evidence 
en observant les d8placements d'une m8choire pharyngienne sup8rieure pendant diffe
rentes prise de nourriture. 

MATERIEL ET METHODES - Une maraue rle plomb a ete placee sur les deuxieme et troisieme 
pharyngo-branchiaux ainsi que sur la plaque dentee posterieure de trois Serranus 
scriba. Les d8placements de marques lors de la prise _de nourriture ant ete 
observes en cin8radiographie tourne a 50 images/s~c). 

RESULTATS - Lors de tautes les scenes de prises de nourritures examinEes, les marques 
de plomb decrivent des d8placements qui peuvent etre assimil8s a des cycles meme 
si les marques ne reviennent pas exactement a leur point de depart (fig. 1). L'ampli
tude des cycles de chaque marque varie et au moment aU d8bute un cycle, la distance 
entre deux marques volsines peut avoir augmente au diminue et l 1 angle qu 1 elles 
ferment entre elles peut changer (fig. 1). 
La variation de distances entre les marques 1 et 2 (fig. 1) ne peut etre interpretee 
que comme un d8placement plus important vers l' avant du 2eme pharyngo-branchial et/ 
au vers 1 'arriere du 3eme pharyngo-branchial (fig. 2 8 et Z C). Les muscles 
elevateurs branchiaux 1 et 2 et r8tracteur dorsal peuvent etre a la base de ces 
deplacements. 
l' augmentation au la diminution de la distance entre 1es marques 2 et 3 ne peuvent 
etre comprises que comme le result at d' une rotation vers le bas (fig. 2 F) au vers 
le haut (fig. Z E) de la plaque dentee posterieure sur laquelle aucun muscle n'est 
insere. La contraction du sphincter de l'oesophage qui entoure la plaque dentee peut 
abaisser cette derniere tandis que le recul du 38me pharyngo-branchial peut l 'Elever. 
Le changement d' angle entre les trois marques peut etre dO au changement de position 
de la plaque dentee, a )'elevation d'un pharyngo-branchial plus important que celle 
de l'autre, a une rotation des pieces pharyngiennes auteur d'un axe ant8ro-posterieur 
ou a une combinaison des causes ci tees precedemment. 

CONCLUSIONS - Les differents constituants de la machoire pharyngienne superieure de 
Serranus scriba sont anim8s de mouvements simultanes mais pas identiques, ce qui est 
certainement a mettre en rapport avec la forme des proies capturees. Certains des 
resultats des etudes realisees ces dernieres annees devraient done etre revus en 
tenant compte du degre de liberte des diff8rents constituants des m8choires pharyn
giennes sup8rieures des Perciformes. 

:r···r 
g~HB~ 
p 3 

A B C 

t 

-~ 
J P.TP.4 

R.DORS. 

Fig. 1. Les points 1, 2 et 3 
symbolisent !a position d' avant (A) 
en arriere (P) des 3 marques 
de plomb placees dans les trois 
pieces de la machoire pharyngienne 
super ieure gauche; deux eye les des 
marques lors de la prise en A et A' 
d'une crevette sans carapace et en 
8 et 8' d' une crevet te avec carapa
ce sont representes. (H : Haut). 
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Fig. 2. Schemas qui illustrent les deplacements des composants de la machoire pha
ryngienne superieure gauche. En A, vue dorsale et en D, vue lat8rale des pieces 
concernees; en 8 et C, et E et F leurs differents deplacements symbolises par les 
fleches (EBR 1,2,3,4: epibranchiaux; I.L.EXT.1,Z,3,4: insertions des muscles 
ElEvateurs branchiaux externes; I.L. INT.2,3: insertions des muscles 818vateurs 
branchiaux internes; PBR.2.3 : 2eme et 3eme· pharyngo-branchiaux; P. TP.4 : plaques 
dentees posterieures; R. DORS. : muscle retracteur dorsal; SPH.O : muscle du 
sphincter de l'oesophage). 
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V-VIIIl 
An essay on the Coastal Fisheries of North and South Sicily 

M. ARCULEo• • G. D'ANNA•• and S. RIGGIO ... 

•lstituto di Zootacnica, Universitil di Reggio Calabria, Gallina (ltalia) 
••1stituto di Tecnologia della Pasca e del Pescato, CNR, Mazara del Vallo (llalia) 

... lstituto di Zoologia deii'Univarsita di Palermo, Palermo (ltalia) 

Coastal small scale fishery is a prominent activity in Sicily, now unoer 
thorough reconsideration due to its relatively low impact on the marine 
environment and of its favourable economic potentialities which are even 
more relevant when compared with the high cost/benefits ratio of 
trawling. Investigation on artisanal fisheries is moreover a well suited 
means for the assessment of exploitable biological reosurces. Information 
on the state of the coastal fisheries is provided by critical examination of 
as many as 242 fishing samples collected in the course of the past eight 
years from sites on the N and S coasts of the Island. As many as 2 0 6 
samples were collected from the following stations: Cefalu, S. Nicola 
!'Arena, Vergine Maria (Palermo), Bay of Carini, Trappeto, all on the 
Tyrrhenian coast (Fig. 1, a-e). 
Fine sands make up the sea
beds off Cefalu and Carini; 
the other stations ar,e 
mixed seagrounds of calca
reous rocks and sand. 
Thirtysix samples were 
obtained from Sciacca, 
Porto Empedocle and Licata 
(Fig. 1, f-g) along the 
southern coast, all on a flat 
uniform layer of soft Fig. 1 
muddy sediments.. A,.;...;;,;::::_ __________ ~ 

MATERIALS AND METHODS. A trammel net with an inner 40mm mesh 
size was employed: Fishing was performed from sunset to sunrise with a 
mean submergence of 12 hours at a depth of 18m. Monthly samplings 
were made. Data of catch were standardized to a 1OOm long fishnet for a 
total duration of survey equal to 12 months. 
RESULTS. A mean yield as high as 376g per 100m net was recorded. 
Average yields (in g/1 OOm net) in the Tyrrhenian (386g) were slightly 
higher in comparison with the southern coast (330g). Maximum yields 
were recorded in January (due to the cephalopod catch) and June for the 
south; in spring- and autumn months for the Tyrrhenian coast. In all 
samples the fish biomass was as much as 64% of· catch composition 
whereas the cephalopods were 33% and the crustacea a mere 3%. The 
cephalopod biomass rose however to 42% in the easternost stations of the 
Tyrrhenian coast and even more in the South. Penaeus kerathurus and 
Squills mantis were the only crustacea recorded in appreciable 
amounts in the Tyrrhenian stations and were related to restricted 
estuarine areas. The number of species was higher in the rocky stations of 
the Tyrrhenian and decreased sensibly in the southern coast (ARCULEO et 
al., 1989; ARCULEO and RIGGIO, 1989). 
The cuttlefish, Sepia officina/is, was by far the most common prey. 
Flatfish such as the Pleuronectiformes prevailed in the Bay of Carini; 
they were replaced by species of the Rajitormes (R. miraletus, R. 
clav.ata) in the southern coast. The most common fish on rocky grounds 
were the sparidae with Diplodus spp., Pagel/us spp., Lithognathus 
mormyrus; the scorpaenids and the labrids came next. The Triglidae 
were very frequent in the south and increased Eastwards; they were nearly 
absent from the Tyrrhenian samples. Maximum intersimilarity values were 
recorded between the rocky stations of Vergine Maria and S. Nicola 
!'Arena. A. similar structure in catch composition appeared between the 
station in the Bay of Carini and the sites in the south. 
DISCUSSION AND CONCLUSIONS. The yields are very low, either in 
comparison to the average values in the Mediterranean, or to the mean 
values reported by Andaloro e Cavallaro (1982) for the Strait of 
Messina. The apparent low productivity is very likely consequent to the 
illegal nearshore trawling as well as to the competitive interactions with 
the numerous sportfishermen. The lower species richness of the southern 
stations is merely due to the gently sloping seabeds as well to the 
environmental uniformity. The greater diversity recorded for' the 
Tyrrhenian grounds is further enhanced by the rocky habitats and by the 
presence of luxuriant Posidonia oceanica seagrass beds which are 
instead missing from off the southern coast. The nature of the bottom 

- accounts for the high similarity of catch composition observed between 
the Bay of Carini and the fishing grounds in the south. Flatfish such as the 
Pleuronectids and the Rajids are ecologically equivalent, and their 
different abundances in the North or in the South should be referred to as 
biogeographic. As a conclusion, coastal fisheries in Sicily differ sensibily 
from even nearby sites in relation to the nature of the bottom and to the 
geographic situation: the W Tyrrhenian coast shows markedly subtropical 
characters, a greater biotic diversity and a prevalence of highly prized 
fish; the southern coast is cold, with marked "oceanic" characteristics 
which are reflected on the fishing yields, the simpler catch composition 
and the lower prize of species. 
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V-VIII2 
La Peche Artisanale dans Ia Region Baleare 

Magdalena IGLESIAS et Jose M. MARTORELL 

Institute Espanol de Oceanografia, Centro Oceanografico de Baleares, Palma de Mallorca (Espana} 

La presente etude fait partie du programme "La pesqueria 
literal de las Islas Baleares", subventionne par la Direction 
Generale XIV de la Cornmunaute Economique Europeenne. 

La peche littorale dans les Iles Baleares est consideree 
comme une importante alternative aux autres modalites de la peche 
tradi tionnelle, etant donne qu' elle est representee par presque 
90% des bateaux de la flottille, controH~s et enregistres dans 
cette region a la difference d' autres regions espagnoles. 
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~e caractere insulaire des Baleares et leur eloignement 
relat~f de la Peninsule Iberique fait que 1' etude de leurs 
pecheries littorales est tres simple du fait de 1' inexistence 
dinterferences avec les flottilles de peche littorale d' autres 
communautes ou regions. Les secteurs d' activite de cette 
flottille sent, en general, inaccesibles aux autres types de 
peche. 

Voici les facteurs qui definissent la pecherie: 

* embarcations type "llaud" avec une longueur qui ne depasse pas 
les 11 metre:;. 

* tonnage (TJB) inferieur a 10 tonneaux de jauge brute. 
* ~~~ssance maximum 100 CV, la moyenne se situant au tour de 20-40 

* 1' effectif embarque par bateau varie de 1 a 2 hornmes. 
* multiJ?lici te d' eng ins de peche et d' especes capturees, avec une 

rotat~on au long de 1' annee. 
* les secteurs de peche traditionels se trouvent sur des fonds 

dent la profondeur n' est pas superieure a 200 metres. 
* marees d' un jour. 
* entreprise a caractere familiale: le patron est aussi 

1: armate';lr et le reste de 1' equipage est, en gemeral, de la 
meme fam~lle. Toujours originaires du meme port et souvent avec 
une ocupation alternative a terre. 

* ~~ u~! ~~m~eli:~e pas entre iles, mais seulement entre les ports 

* la vente de la capture est souvent realisee sur le lieu de 
debarquement. 

MALLORCA MENORCA IBIZA-FORMENTERA TOTAL 

N2 BATEAUX 383 119 168 670 

TONNAGE TOTAL (TJB) 1.398 349 360 2.107 

PUISSANCE TOT ALE( CV) 15.282 4. 728 3. 551 23.561 

LONGUEUR MOYENNE ( m) 6,4 5,8 6' 4 

EQUIPAGE MOYEN 1, 7 1, 5 1, 7 
================================================================= 

On a realise un suivi et un contr61e des captures debarquees 
par . cette flo~tille dans la Lonja de Palma (Mallorca), qui 
atte~gnent env~ron les 300-350 tonnes par an. Ce chiffre serait 
c:rtaim;ment tres superieur si on pouvai t y ajouter les captures 
debarquees par la flottille et qui sont vendues directement aux 
restaurants, et sur lesquelles il n' y a aucun contr6le. 

Le facteur touristique, si important dans les iles, et le 
caractere de luxe du poisson font que sa valeur marchande est 
toujours plus elevee. 

Dans l 'activite de peche littorale il faut remarquer pour 
s'?n import~nc: a';lx Balea:es,. la peche du "jonquillo" (Aphia 
m~nuta), peche un~quement a Ma]orque, ainsi que les pecheries de 
langoust7. rouge et rose (Palinurus elephas et f.:. mauritanicus), 
la prem~ere de grande tradition dans tout 1 'archipel et 1' autre 
d:introduc~ion, plus rec;:ente; 1a pikhe de "l1ampuga" (Coryphaena 
hlppurus) a 1' ~le de Ma)orque; la pikhe de "gerret" ou "caramel" 
( Sp~c<;tra . spp. l ~ Ei vi sse et la. peche de la seiche (sepia 
6;;~~~~~~~ l , qu~ sont toutes tres importantes du point de vue 
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Some Factors Affecting the Fisheries in Lake Mariut (South of 
Alexandria) 

W.·F. WADlE and G.·H. THOMAS 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

In developing counteries, different animal protein sources 
cannot be able to sustain the additional protein requirements. So, 
it is necessary to develop fishery resources either by exploiting 
less conventional fish species or maintaining satisfactory rate of 
fish production through fisheries improvement. 

During the last twenty years and due to the continuous 
decrease in marine catch, lake fisheries represent about 60% of 
the total in Egypt. 

The present work aimed to discuss several factors that affect 
fish production in lake Mariut as it plays an important role to the 
Egyptian fisheries. Lake Mariut is one of the four Delta lakes 
occupying a portion of the Mediterranean foreshore plain in a 
depression ranging between -4.0 & -3.4 meters below sea level with 
mean depth of about one meter. It has no connection with the sea 
and can be considered as an almost closed basin. ''!o keep the lake 
water level lower than that of the adjacent cultivated lands, power
ful pumps were established to pump water from the lake up into the 
sea. 

During the period 1965-1986, the catch in lake Mariut decre
ased from 7261 tons in 1965 to its minimal value in 1968 ( 1289 
ton}, then gradually increased to 10668 tons in 1973 reaching 
maximum production of about 17500 tons in 1975. The catch is 
dropped to 5800 tons in 1986. Our study revealed that continuous 
decrease in lake Mariut fisheries during the last years is caused 
by various factors. 

- As the other Delta lakes, lake Mariut has been subjected 
to noticeable shrinkage in its total area due to land reclamation 
programme, the area is reduced from 25000 acres in 1965 to 14000 
acres in 1984. The reduced area is greatly connected with reduc
tion in the length of shoreline, reduction in the total volume 
of water leading to overfishing, competition for food and space 
between different fish species and also competition between 
different units of gears. 

- The lake has no direct connection with the Mediterranean 
so its water level depends on the volume of water discharged ' 
into it from the adjacent cultivated lands and water pumped into 
the sea. Lowering the lake water level reduces the catch by 
diminishing the area, the water volume and by decreasing the 
effeciency of fishing gears used. The lake water level has an 
effective relationship with the net as an active fishing gear 
than with the passive as traps. 

- Catch per unit effort is an index of abundance •and level 
of exploitation of fishing resources. In closed water system 
there is an inverse relationship between fishing effort and 
fish catch per unit effort. However in lakeMariut during the 
period 1965-1972, it was observed that the small number of trips 
is accompanied by low catch per unit effort while the second 
period 1973-1982 is characterized by big number of trips and 
high catch per unit effort. Variation in catch per unit effort 
is caused by the change in fish stack induced by different 
environmental conditions taking place in the lake. • In the 
period 1983-1986, fishing ,effort is slightly reduced, but catch 
per unit effort is decreased to half, its value during the period 
1973-1982. The unfavorable environmental conditions caused by 
reduction of the area, water level of the lake, pollution as 
well as overfishing activity took place in the second period 

ll973-1982) directly affect the fish stock during the third 
period ( 1983-1986}. 

- Fishing gears used in Lake Mariut are classifiedc:into 
two groups, the first is the legal mehthods including trammel; 
cast; gill nets and traps. The second group is the illegal ones 
represented by surrounding nets, small enclosures and dams. 1984 
illegal gears contributed about 63% of the total catch compared 
with 37% by legal. Englosures and nets with small mesh catch 
small and big fish. Big catch and the rapid increase of fish 
prices promote the use of illegal methods. 

Also the increase in the number of fisherman and fishing 
boats leads to overf ishing. 

- Pollution is caused by large amounts of sewage and 
industrial waters discharged to the lake through some drains. 
Organic pollutants adversely affect fish and other aquatic 
life through oxygen depletion. Other studies revealed that 
lake Mariut is suffered such pollution as manifested by acute 
oxygen deficiency, high ammonia and hydrogen sulphide content 
resulting from the decomposition of organic effluents from 
municipal sewage and many industries, particularly wood fiber 
sludge from pulp mills. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 



V-VIII4 
Fluctuations of Fisheries from the South-Eastern Mediterranean Sea 

W.-F. WADlE and G.-H. THOMAS 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

Since 1962, the Mediterranean fisheries are one of the 
most important sources of fish production in Egypt contributing 
about 40% of the total • However, twenty years ago the catch 
curve showed a continuous decline from 38000 tons in 1962 to 
12000 in 1967, then fluctuated around an annual average of 8000 
tons in the period from 1968 - 1977 followed by an increase to 
annual average of 14000 tons during the period 1978-1985. 

·rhe present work aimed to study different factors responsible 
for such fluctuations in catch of sardine, shrimp and other 
species as well as number of fishing trips of both motorised and 
non-motorised boats. 

Catch from the south-eastern Mediterranean during the period 
1962-1985 is closely affected by catch of sardine and shrimp and 
these two species are greatly affected by .the environmental changes 
took place aftr damming of the River Nile in 1966, The trend of 
variation obtained for the total catch of fish landing centres 
along the Egyptian Mediterranean coast agree with the trend of 
such fluctuations in the intervals 1962-1972 & 1973-1985 for 
sardine and shrimp as well as total catch without them. 

Before 1965 sardine catch represented about 40% of the total 
Mediterranean catch, but now it contributes about 8%. Although 
its catch shows sharp drop, it still plays the first role.'rhere 
is a positive relationship between monthly Nile water outflow 
and sardine catch, the correlation coefficient r values were 
0.547 after one month and 0.895 after two months and after three 
months r became insignificant. 

Damming in 1966 resulted in sharp deterioration of nutrit
ive base of pelagic fish especially sardine. The catch curve of 
sardine production could be divided into three periods, the 
fist before damming (1962-1966) with maximum annual average of 
9500 tons, the second after complete damming ( 196 7-1976) with 
annual average of 830 tons, the third period ( 1977-1935) is. 
characterized by increase to annual average of 3800 tons which 
could be attributed to general decline in fish catch from the 
Mediterranean and introduction of purse seine nets in early 
seventies .. Our study revealed a clos·e relation between sardie 
catch and number of fishing trips: due to the presence of sardine 
in large shoals in first period, so it is significantly correl
ated with non-motorized boats especial.Ly sardine gill net. In 
the third period, the relation becomes more significant 
because the catch of sardine is mainly caught by motorized 
boats especially purse seine net boats in which they are 
increased from 17 x 10 3 trips to 23 x 103 in first and 
third periods respectively. 

The trend of shrimp catch variation during two periods 
1962-1972 and 1973-1985 shows an observed decrease in its 
catch during the first· that could be considered as an important 
factor responsible for the observed decrease in the total 
Mediterranean catch. In the second period, the trend shows 
slight increase explained by increasing role of motorized 
fishing boats especially trawlers during the last ten years. 

The drastic changes took place after damming and pollutants 
discharged under the recent hydrological conditions exerted 
marked influence on shallow water characteritics and habitat of 
different aquatic organisms. 

Recently, certain processes have been developed to comp
ensate the decrease in fresh water, such as the role of conv
ection intermixing has increased and the inflow of diluted 
waters into the sea from coastal lakes has grown and introduction 
of purse seine nets. By comparing the trend of catch of some 
fish species, we could conclude that the rate of increase in 
sardine and shrimp not at any level compensates the rate of 
decrease in catch of the most important dominant species which 
reduced, diminished or disappeared from the Egyptian Mediterranean 
waters. So, the observed decrease in total catch in due to the 
reduction in catch of sardine, shrimp and other species, while 
the observed slight increase in the total in due to the increase 
in sardine and shrimp landings. 

There is strong relationship between catch of different 
species· and number of fishing trips exerted by motorized boats 
recently, this is explained by increased number of purse seine 
boats and modern motorization of non-motorized ones. However, 
the sharp increase in number of fishing trips is not followed 
by significant increase in the catch. 
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V-VIIIs 
La Peche Artisanale dans Ia Mer d'Aiboran : contribution a !'etude de 

Ia taille des Poissons captures par ditterents engins 

J. BARO , J.-C. NUNEZ , F. RAMOS et J.·A. CAMINAS 

Institute Espanol de Oceanografia, Centro Oceanografico de Fuengirola, Apartado 285, 29640-Fuengirola, 
Malaga (Espana) 

Suite a l' etude intitulee "Las Pesquerias locales de la Regi6n Sunnediterr.§.nea 
Espanola", initiee en 1987 en cooperation entre l' IEO et la D.G. XIV de la CEE, on 
a recueilli des donnees de fn§quence des tailles des principales especes de 
poissons au cours de l' an nee 1989. Actuellement ce type d f E!chantillonage se 
poursuit~ 

Parmi les especes cibles pour chaque engin {CAMINAS et al., 1988) on a selectione 
celles qui sont indiquees sur le tableau. Elles representent 45% de la capture 
totale de poissons estimee pour la periode de mars a aoGt 1989 (CAMINAS et al., 
1989). 

L~s engins qui capturent ces especes sent: filets rnaillants fixe a une nappe et 
fixe a trois nappes, filets derivants, palangres et lignes. 

Les echantillonages des tailles ont ete realises sur les lieux de debarquement et 
en mer, en utilisant un ichthyometre et en me sur ant au demi-centimetre pres. Pour 
l' analyse des donnees par espece et type d' eng in on a utilise les mesures suivants: 
a) Taille minimale(Min) et taille maximale. (Max) capturees par chaque type d'engin, 
b) rang de taille le plus courant (Rang), reconnaisant corrune tel celui qui est 
cornpris entre 25 et 75% des frequences· cumub~es de la distribution des tailles, 
c) fluctuation modale au long de la periode d'echantillonage (Mode), et d) nombre 
d 1 individus echantillonees {n) 4 

-------- FILETS A MAILLANTS 

FIXES A TROIS NAPPES 
Min Max Rang Moder n Min Max 

Pagellus acarne 9 30 15-25 16-24 1045 15 29 
Pagellus erythrinus 14 44 18-27 19-26 217 18 42 

Pagrus pagrus 15 60 20-27 21-22 205 19 48 
Phycis phycis 15 61 33-41 34-37 135 

Mullus barbatus l1 22 14-18 15-17 288 l1 32 
Mullus suX1!1Uletus 8 42 14-35 15-31 928 14 34 

Trachurus rnuediterraneus 24 41 
Trachurus trachurus 18 39 

FILETS DERIVAN'l'S 

Min Max Rang Mode 
Cheilopogon heterurus 32 42 36-38 37 146 

HAME<;;ONS 
PALANGRE 

Min Max Rang Mode n Min Max 
Pagellus acarne 15 30 20-27 21-26 556 

Pagellus bogaraveo 17 29 21-25 22-23 210 
Pagrus pagrus 20 62 22-37 24-35 198 
Phycis phycis 15 65 34-55 36-54 337 

Thunnus thynnus 118 235 

FIXES A UNE NAPPE 
Rang Mode n 
20-26 22-25 2079 
21-28 21-28 499 
19-21 20 l7 

l4-29 15-29 254 
15-30 17-30 255 
28-39 29-39 163 
24-34 25-33 733 

LIGNE 
Rang Mode 

136-155 338 

Dans le cadre de la peche artisanale l 1 utilisation d'engins pour capturer une 
espece donnee (espece cible) est frequente. Cependant taus les engins n 1 ont pas la 
nteme incidence sur la fraction exploitable de la population. Par consequent 
1 • analyse des rangs des tailles les plus frequents qui sont apparus dans chaque 
combinaison espece-engin .. represente l'aspect le plus important de notre etude. 

Apres observation des donnees presentees dans le tableau on peut deduire que les 
filets maillants fixes a une nappe capturent une fraction de la population avec une 
amplitude du rang de tailles plus stricte (cas de Pagellus acarne, £.:. erythrinus et 
Pagrus pagrus) que celle des filets maillants fixes a trois nappes. Dans le cas des 
Mullides ce rapport est inverse, cela est peut-etre du au fait que les filets 
maillants fixes a trois nappes sont plur- selectifs pour ces especes (Mullus 
barbatus et M. surmuletus) que les precedents avec lesquels on obtient une 
dispersion des v~eurs modales plus importante. 

Le Trachurus· medi terraneus comme le T. trachurus sont captures presque 
exclusivernent avec des filets maillants fiXes a une nappe. La taille minimale de 
T~ trachurus est inferieure a celle de T. mediterraneus et la taille maxirnale 
;;:pturee de ~ mediterraneus est sup€rieur;-a celle de ~ trachurus. 

En conclusion, les filets rnaillants fixes a trois nappes exploitent une fraction de 
la population composee de tailles inferieures a celles de la fraction qui est 
exploitee par les filets fixes a une nappe. 

D' autre part la limite superieure du rang de tailles capturees est generalement 
plus important dans les cas des palangres que dans celui des filets a maillants. 
Cela n 1 est pas valable pour toutes les esp€ces si on compare les deux types de 
filets maillants cons ide res. De plus les tailles minimales capturees par la 
palangre de fond sont englobees dans le rang de tailles que capturent les filets 
maillants. 

Avec des filets derivants la seule espece s8lectionnee, le Cheilopoqon heterurus, 
est capturee par une pecherie saisonniere, qui exploite un rang de tailles tres 
etroit de la population reproductrice de cette espece migratoire~ 

Parmi les engins a hamecon on a la ligne qui capture une large gamme de tailles de 
1 1 espece Thunnus thynnus. Pour cette espece on n' observe pas une mode net ( signaH!e 
sur le tableau avec *). 
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Concentrations de Capros aper dans Ia Mer d'Aiboran (Mediterranee 
Espagnole) 

R. ABAD et A. GIRALDEZ 

I.E.O. Centro Costero de Fuenglrola, Apdo 285, Fuengirola, Malaga (Espana) 

Les campagnes d'evaluation acoustique Ecomed-87 et Ecomed-88 furent 
realisees pendant les mois de juillet et juin de 1987 et 88 
respecti vement; on a evalue les especes pelagiques presentes sur le 
plateau de la Mediterranee espagnole, entre les 20 et 200 m de 
profondeur. 

Au cours des deux campagnes on a obtenu des resul tats tres similaires 
pour les zones de concentration maximum· de Capros aper; ces hautes 
densi tes ont ete trouvees dans la partie la plus occidentale de la Mer 
d'Alboran, au niveau de deux zones: la premiere (zone 1), est situee 
entre le Detroit de Gibraltar et Malaga et la deuxieme ( zone 2) , au tour 
de Motril (fig. 1). 

La biomasse pour cette espece a ete estimee a 48131 et a 40721 Tm 
respectivement, dans ces deux zones elle represente le 28 et 38% du 
total evalue dans la Mer d- Alboran espagnole. 

Dans les autres aires prospectees il 
concentrations appreciables. 

n- a pas ete detecte de 

Les tailles des C. aper etaient comprises entre les et 10 em, avec 
un mode a 6 em. 

Les rendements obtenus pendant les operations de p'E!che realisees avec 
engin pelagique furent. 

ZONE l ZONE 2 
An nee 

1987 Rendement Profondeur Rendement Profondeur 

2140 Kg/16 min 100 m 35 Kg/46 min 70 m 
17 48 Kg/15 min 70 m 122 Kg/15 min 150 m 

122 Kg/15 min 170 m 
1988 

1370 Kg/40 min 100 m 432 Kg/36 min 70 m 

Ces resultats concordent avec ceux obtenus pendant la campagne 
d'evaluation acoustique realisee en mai 1982, durant laquelle la 
concentration de ~ trouvee dans la zone 1, etait de 19.003 Tm 
(Oliver et al, 1982). 

Les abondances detectees pendant les mois de juin et juillet sont 
confirmees par les resultats de la campagne de chalutage "Malaga 775" 
( juillet 1975). Pendant cette campagne les fonds entre 300 et 800 m 
.Profondeur ont ete explores; les plus hautes densi tes ont ete trouvees 
dans la zone 1, avec une capture maximum a 300 m, 1.jespece en etant 
prese11J;e dans les peches jusqu'a 420 m (Crespo et al., 1976). 
Par contre, pendant les campagnes acoustiques realisees en septembre 
1983 et octobre 1984 et 85 cette espece ne se trouvait pas en quantites 
significatives; seuls quelques exemplaires ayant ete captures dans les 
p8Cbes (Alvarez et al., 1990). Pendant ces mois on a detecte sa 
presence a de fortes concentrations au cours de la campagne de 
chalutage realisee dans la Mediterranee marocaine au mois de septembre 
1985. Les resultats donnent une grande abondance dans les zones 
proches du detroit de Gibraltar, 0 et 100 m, avec un rendement par 
peche de 4020 kg/h (Lazar et al., 1985). 

Aires d abondance maximale de C. aper 

~ Campagne 1987 

IIJ]] Campagne 1988 

- Toutes les deux campagnes 
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Biology and fishing of Aphis minuta (Risso, 1810) in the S.E. of 
Iberian Peninsula 
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P. MARTINEZ BANO". F. VIZUETE•. J. MAs•• and F. FARAce· 

·consejeria de Agricultura, Ganaderia y Pesca de Ia Region de Murcia, Servicio de Pesca y Acuicultura, 
Cartagena, Murcia (Espana) 

.. Institute Espanol de Oceanografia, San Pedro del Pinatar, Murcia (Espana) 

Among the small-scale fisheries on the coast of the Region 
of Murcia, we must point out the one aimed to catch transparent go by - -

~l~~a o~~~~t=P~~~:!~' s~~~0 !~ ~:;~d:;~~! ~~~~e~~u~~:y d~0~~:n u: ~~~=~h~~OBl 
~~h:;~~;o;~b!~a ~!n:il~: !~~ni~ue:~~r! 8 !i> t~~a s~~~~;h i~~~~~~~:!~ ~~th- = 
~phl.e m1nuta and~hia and Crystallogobius form shoals which are -
etect~the echo-sounder of the f1sh1.ng boats in very definite areas: 

the capture fluctuates between 6-30 mts in depth, in clear waters among -
prairie of Posidonia oceanica, sheltered places and also in particular -
bays usuall~f""S'ftSUbstratum. 

The study includes the months in which 
the fishery takes place (December, January and 
February) corresponding to two fishing periods: 
1988-B9 and 1898-90. Weekly biologic samplings have/ 
been carried out on the whole of the capture. noting 
down the following parameters: 

- Total length (LT). From the beginning 
of the head to the end of the caudal fin, with the accuracy of 1 mm. 

- Wet weight (P). Accuracy of 0,001 gr. 

In the .same way we made the sex differentation and gonad -
development with the help of a magnifying glass based on external morph~ 
logical characters and the presence of eggs in female gonads. 

The obtained results for the period 1988-B9, show that the 
evolution of the average total length and weights fluctuate between the/ 
ranks of 2B -33 mm. and 0, 114-0, 193 gr. respectively, noticing that these 
parameters keep practically steady during Oecember and January, arising/ 
a strong increase in both of them from February, in which they start the 
prelaying period. 

In relation to the gonad development, an increase of egged
females is noticed, at the end of January, when it reaches a maximum - -
(57%) to low down until the first half of February (37%). A strong incre~ 
se arises later, reaching 73% of the whole egged-females. Between 7-11%/ 
of these are about to spawn. 

During 1989-90, both the size and the weight experimented/ 
a gradual increase from the beginning of the fishery (December) to half/ 
of January, to low down suddenly. The founded values are: in December -
40,4%, in January 49,B% and in February 42,4%. We can notice that the 
·maximum correspond to January in contrast to the previous period when 
February was the month with a higher percentage of egged-females and - -
females near to egg laying. This last fact has not been not1ced 1n the 
last period. 
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The Transparent Goby Fishery in the Northern Tyrrhenian Sea 

F. SERENA , R. AUTERI , A. ABELLA and R. BAINO 

Consorzio Regionale di ldrobiologia e Pesca, Livorno (!talia) 

RESUME. 
Ce travai 1 aborde 1 · expl oi tat ion des stocks du "rossetto" Aohi a mi nut.a 

dans le Thyrrenien septentrional . La peche au rossetto est effectuee 
seulement de jour avec un type particulier de senne tres selectif. La 
presence de esp~ces accessoires est toujours negligeable. 

On decrit les characteristiques de la flotille et modalite de peche. 
Donees concernant statistiques de p~che et sur la reproduction et 
recrutement de 1 'esp~ce sent adjointes. 

The fishery of the transparent goby Aphia minuta ·takes place in the 
Northern Thyrrenian Sea from October to April with a maximum effort between 
December and February .. This fishery was studied by analysing the activity of 
the 30 vessels which operates in the·coastal waters off Livorno and the 
northern portion of the Grosseto provinces throughout the fishing seasons 
1988-89 and 1989-90. These v~ssels have been considered as representative of 
the whole tuscanian ~ fishery .. 

Fig .. l shows the main fishing grounds in the consi.dered area. The 
fitohing vessels are quite small (from 20 to 100 HP and 5-10 GRT) and 
furnished of acoustic equipment for the localization of schools and 
mechanized devices for the recovery of the net .. 

{r 200 ll\lfl .qlOO IM1 

The main concentrations of ~ are located at depths between 5 and 
40m. on muddy-sandy bottoms close to the mouth of the rivers or at the edge 
of th• Posidonia beds.. The fishing operations take place only during the 
liQht hours because at nioht, the fish schools are not vulnerable, beinQ 
disposed in scattered layers. 

The annuAl total landings of the goby were eatimated from data supplied 
by the Livorno fishermen·s cooperative &ociety: during the last 10 years the 
number of fishing boats remained constant and the catch was very fluctuating 
(ranQe from 4 .. 7 to 22.4 tons/year. with a maximum in the seasons 19'81-82 and 
1982-83) .. Cor:'sidering the species very short lifespan, those important 
fluctuations 1n catch can be related with different amounts of the annual 
recruitment. 

The only gear utilized by the~ fishery in the area 1s a spectal 
seine net called .. sciabichella" (fig.2). It has 30 m long wings composed by 
several pieces of different mesh sizes which diminish from the extremes of 
the wing in direction to the "tulle" codend (3mm stretched mesh size). 

As soon as the school has been localized with the echosounder, the 
extreme of one wing is fixed to a buoy and the net is set with its mouth 
opening in the direction of the current. The seine retains the fish that 
swims actively aQainst the current. Because of the very particular
characteristics and use of the net and of the very easily recognizable fish 
schools normally locab~d very close to the bottom, this fishery is highly 
selective and the catch is practically monospecific. Oc:casionaly. have been 
found in the catch some isolated individuals of Caris iulis, Serranus 
~' Enqraulis encrasicholus, Diplodus. annularis, Mullus sur~ 
~-, Labrus sp., Pa.la.emon serratus, Pisa soo., Amphipods, Alloteuthis 
Md.!.A, Soatangus sp .. , as well as of marine vegetation: Posidonia oceanica, 
Cymgdoc;ea nodosa. Acrothamnion preissii, Udotea petiolata, Caulerpa 
~- In no case the presences are of some quantitative significance. 

At the beginnino of the fishing season, the ~ catch is composed 
axclusively by females because of the smaller size of males which will 
recruit to the fishery only in January. In the Thyrrenian Sea, according 
with the results of the biological samples, spawning apparently begins 
earlier than in the Adriatic Sea. In fact, a conspicuous number of mature 
females were found in April-May instead of in June-July as are normally 
found in the Adriatic Sea. 

For Aohia minuta the Pauly"s nomogram has been utilized to estimate the 
len;th at first capture. It expresses the selection factor <SF> as a 
function of the fish depth ratio <standard length/ma~imum body depth! or the 
girth factor (maximum ~irth/total length) and of the mesh size of the codend 
(fig.:Sl 

~ T 

~. 

ttil===~ 

Fig. :S 

By mean~ of this method, a SF value between 3.5 and 4.4 was calculated for 
the species.. For a mesh size of 3mm these values correspond to a Lc ;; 10.5 
and 13 .. 2 respectively.. The selection curve derived from the 
lenoth-converted catch curve gave a bigger Lc (25.3mm}. This discrepancy 
suggests that the absence in the catch of more important quantitatives of 
fish smaller than 25mm is not due to mesh selection but related with the 
species life history. In fact, the individuals of Aphia minuta of lengths up 
to 25mm are mainly pelagic and nat vulnerable with this fishing technique. 
In this way, a conspicuous proportion of the individuals of lengths from 10 
to 25mm that should be potentially retained by the net are not caught 
because they are not really recruited to the fishery. 
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Brief Note on Catch and Biology of Blue Withing Micromesistius 
poutassou, Risso (Pisces, Gadidae) in the Northern Tyrrhenian Sea 

B. REALE and P. RIGHINI 

C.R.I.P., Livorno (ltalia) 

Introduction 

The blue wtd ting is a demersal fish .-.::omm:only .found .along the 
slope of the .. .,:ontinental shelf". In the local nl<:n-ket, it has not 
relevant commercial value because of its not very .appreciated taste. 
The species is normally caught as a by-e.at,.:h in the hake fishery. 
Generally, the blue whiting is rejected b•Jt sometimes, if the .amount 
o-f the catch of the other species is scarce, it is possible that small 
quantitatives are kept .and landed. 

Material and methods 

The data arise from sJ.Jrveys that took place in the Northern 
Tyrl ... henian Sea in September .and December· 1987, Febr•..tary and .J•.Jne 1988. 
These surveys were part of a: wider 3 years Mal-ine Marchant Ministery 
Research Program <Demersal Resources Stock Assessment) . 

The fishing vessel utilized was a tradition-al trawler ope,-ating 
off Livorno whose main characteristics are 81 GRT and 420 HP, with a 
bottom trawl net with a 40 ... stretched mesh size at the codend, and 
about 10 m horizontal opening. The tows were perfo1 ... med with a speed of 
3 knots for a regular time o-f one hour . 

The s•.Jrveyed area has been selected previously bec.ause the 
presence in the ground of very important commercial spe.cies: red 
mullet, hake, Norwegian lobster, was knowno These spe~ies usually 
represent the target of the survey, but cons.picuous q•.Jantitatives of 
blue whiting have been caught, spe,.::.ially in the subareas called: 
Corsica. Capraia, Pollice and Elba <Fig. 1) 

BLUE WHITING 
MAXIMUM YIELD PER AREA 

~'&; 120 - ---
>00 ~~- - I 

so ~ ~--

eo // 
40 ' 

20 

0 
CORSICA CAPAAIA POLLia= ELBA 

AREA 
-OECE.UBER fmFESAU.t..RY -JUI~E 

Fig. 2 

Fig. 1 

In .fig .. 2 are reported the yields by fishing .;:n-ea in kg/haul-. The 
area with the highest catch is locally called "Pollice" but this is 
only regarding Summer (June and September). During the whole survey 
there were caught 11317 individuals for a total weight of 350 kg. A 
saMple . Of" 1200 individuals was selected for biological measurements 
<total length, sex and sexual maturity>. 

Results 

The species is caught in a depth range from 150 to 430 m <>nd the 
best yie~ds within the 250-400 depth interv<>l. 

The smallest individuals (juveniles> of TL = 8 em have been 
caught in June at a depth of 270 m. This is in agreement with the 
findings of Froglia and Grami tto, 1981 <>nd Lur...en<> et Crespo, 1981. 
Probably, these juveniles were born during the spawning period in 
winter in January and February <Lucena et Crespo, 1981) • D•.Jring the 
other sampling periods, the minimum length caught was of 13 em in 
September, 15.5 in December and 17.5 in Febr•.J<>ry. The biggest length 
found was of 36 em for a female caught at a depth of 420 m in 
Deceeber. 

ln February there were observed 11ature individuals. The minimum 
length found for mature males was 21 em and 21. 5 em for the females. 
These observations are in agreement with those reported by Froglia 
and Gra~~~itto, 1981. 

The tot .ali ty of" the mature individuals were ~.aught at depths -fr .. om 
250 to 400 m par·ti•.::.'Jl.arly in the area called "Pol lice". 

Conside1"'ing 21 ern .as .a first m.aturi ty length, being the 
individuals bigger than 21 •.::.m only the 14 Z of the total# in 
consequence, the 86 X of the blue whiting c.:1tch during the su\"'vey ~.::1s 
constituted by ji.JVeniles which have not reached the .first m.abJrlty 

length. 
Other th.an the b!JJe whiting, d•JI ... ing the sul-veys, there were 

ca1Jght several other species. The most i~lportant spee.ies in the c..a~ch 
ordered by importance in number were G.ad1culus .arqenteus, Mer .. lue:,-1us 
merlucrius, Chlorophtalmus agassizzi, Capros aoer, Al-qentina 
sphyr.aena, S,..yliorhinus canicul.a, Trisopterus minut•JS c.apel.anus and 
Sepietta oweniana. 
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V-VIIllo 
La Pecherie de Pelamide (Sarda sarda) du Littoral Catalan (Catalogne, 

Espagne) 

laura RECASENS 

lnstitut de Ciencies del Mar, Passeig Nacional, sin, 08039 Barcelona (Espana) 

La presente etude fait partie du programme "La pesca en Catalufia" 
subventionne par la Direction Generale XIV de la Cornrnunaute 
Econornique Europeene. 

La Pel amide, Sarda sarda (Bloch, 1793) est l 'espece de 
poisson pelagique ctetaille rnoyenne la plus capturee en 
Catalogne. En 1988 la production le long du littoral catalan 
s•est elevee a 377 tonnes, les poissons de grande taille etant 
ceux ayant la plus grande valeur rnarchande. Cependant, 1' interet 
de cette esp€ce n' est pas dU a l 'abondance des captures rna is au 
fait qu' elle est pechee avec trois eng ins tres differents: 1 '"art 
clar", qui est une espece de filet tournant avec une maille plus 
grande que celle qui s'utilise pour les petits pelagiques, la 
sardine (Sardina pilchardus) et l 'anchois (Engraulis 
encrasicolus); la palangre, qui pour cette espece est de surface, 
cornme celle que l 'on utilise pour l 'Espadon (Xiphias gladius) 
mais avec des harnec;:ons plus petits; et finalrnent, les "Redes 
Bani teras", qui sont des filets maillants a une seule nappe, un 
peu plus grands que les filets rnaillants utilises pour d' aut res 
especes. 

Pendant l 'annee 1988 on a realise un echantillonage des 
frequences de tailles pour chaque eng in, a partir d 'exernplaires 
rnesures en criee. La rnesure adoptee est la longueur a la fourche 
avec une precision au centimetre. 

Pour le filet tournant qui represente 59% de la pecherie, on 
a fait des echantillonages rnensuels avec un total de 1880 
poissons rnesures. Pour la palangre (20.9% de la pecherie), on a 
pris des rnesures pendant la peri ode de peche ( d' a out a decembre) 
avec une periodicite birnensuelle et un total de 873 poissons 
rnesures. Pour les filets rnaillants, qui representent 17.1% de la 
pecherie, les donnees ont ete recueillies de juin a decernbre avec 
une periodicite rnensuelle et un total de 258 poissons rnesures. Le 
fait que cette espece n' est pas une espece cible irnportante pour 
le pecheur, rna is un complement quand d' autres especes diminuent, 
a cree des difficultes lors de l 'ekhantillonage, surtout pour les 
filets rnaillants dent 1 'utilisation par les pecheurs aux petits 
metiers est tres aleatoire et occasionnelle au cours de la 
periode de peche. 

D' a pres nos resul tats, le filet tournant est l 'eng in qui 
recueille le plus grand nombre de classes de tailles (de 15 a 73 
ern) , et, cornrne c' est 1 'eng in qui realise les plus fortes captures 
c'est celui qui represente le rnieux les classes des tailles 
exploitees. La taille rnoyenne de capture est de 47.25 em., tandis 
que la taille la plus capturee est celle de 54 ern. La palangre 
capture les tailles comprises entre 30 et 70 ern avec une taille 
rnoyenne de 51 ern. La taille la plus pechee est celle de 53 ern. ,et 
le maximum des captures se situe entre 47 et 55 ern. Pour les 
~ rnaillants, les tailles capturees vent de 36 a 69 ern., la 
taille rnoyenne est de 55 ern., et la taille la plus capturee qui 
est la rnerne que pour la Palangre, est de 53 

Sarda sarda 1988 
J.3 r----'-'-Fr,ea""ue"-"nc"'-e--"too!!!.ill:!".'es,__. ~Fll~et3to~u!.::rn'O'-on~t __ 

12 

10 

g 9 

1 
oJ,..WJ;!;h.J;IXl:il;lh-.,..11 

15 20 25 30 35 40 45 50 55 50 55 70 
toilles (em) 

Sarda sarda 1988 

tci!les (em) 

Sarda sarda 1968 

o-'r--~~,!LW,,nt 
15 20 25 30 35 40 45 50 55 50 55 70 

tailles (em) 

Frequence des toilles selon les differents engins de peche 

Cornrne on peut le voir sur les graphiques, les tailles 
capturees par les trois eng ins sent differentes. on peut dire que 
le filet tournant est le mains selectif des trois engins, 
parcequ' il capture le plus grand nombre de classes de tailles et 
parce que la taille moyenne de capture presente des valeurs 
netternent inferieures a celles des aut res eng ins. D' autre part, 
les filets rnaillants capturent beaucoup de grands individus de 
50 a 62 em. de longueur. 
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V-VIII11 
Donnees preliminaires sur Ia Pecherie et le Cycle de Reproduction de 

Lepidopus caudatus en Mer Catalane (N.O. Mediterranee) 

Laura RECASENS et Montserrat DEMESTRE 

lnstitut de Ciencies del Mar, Passeig Nacional, sin, 08039 Barcelona (Espana) 

Lepidopus caudatus (Euphrase, 1788), nornrne "Sabre", est une 
espece dent la peche s' est developpee durant les cinq dernieres 
annees. Cette espece se capture toute 1 'annee au chalut et au 
palangre. Pendant les annees 1988 et 1989 on en a capture a peu 
pres 300 tonnes en catalogne, centre seulernent 180 tonnes en 
1987. Les donnees des captures rnensuelles que nous avons 
(provenant des Associations de Pecheurs) ne perrnettent pas de 
differencier les debarquernents du chalut du ceux du palangre. 

Ju~qu' a. present il n 'existe pas d' etude concernant la peche 
et la b1olog1e de cette espece en Mediterranee occidentale. Seule 
la distribution des oeufs et des larves dans 1 'Adriatique 
(Karlovac et Karlovac, 1976) et la mer Catalane (Sabates, 1988) 
et celles des adultes dans 1 'Adriatique ont ete abordees. Le 
present travail fait partie d'une etude plus vaste subventionnee 
par la Direction generale XIV de la CEE sur la pecherie catalane 
au cours de laquelle on abordera aussi la croissance et 
l'alirnentation de k caudatus. 

On a fait 38 echantillonages biologiques avec une 
periodici te rnensuelle, de mars 1988 a seternbre 1989 cornpris. un 
total de 506 poissons a ete examine provenant du chalut et du 
palangre. Les tailles observees sent comprises entre 68 et 118 ern 
de lo::'gueur total pour les fernelles et entre 71 et 176 ern pour 
les males. Entre 26 et 100 ern on n'a pas pu determiner le sexe de 
quelques exernplaires. 

L' observation rnacroscopique des gonades a perm is de 
distinguer six stades de maturation sexuelle: 

1-Irnrnature 
2-Repos 
3-En maturation 
4-Preponte 
S-Ponte 
6-Postponte 

Le tableau 1 donne le detail de la proportion, au cours de 
l 'annee, des differents etats de maturation sexuelle. On observe 
une periode de reproduction qui couvre presque toute 1 'annee 
d' avril a decernbre, rna is il y a des individues qui cornrnencent 
leur maturation des fevrier. Etant donne 1 'arnpli tude de la 
per~ode de fr<:i, on peut supposer une ponte en serie, avec un 
rnax1rnurn en rna1 et un autre en aoiit. En plus, pendant presque 
toute l 'annee on trouve des exernplaires irnrnatures. Les larves 
sent presentes dans le plancton au printernps et en ete (Sabates, 
1988) et le recruternent des individus de petite taille se fait 
principalernent entre les rnois de fevrier et d' avril. 

Tableau 1. Distribution en pourcentage des differents stades 
sexuels selon les rnois. 

MOIS 

E.S. 10 11 12 

67 21 20 26 33 35 73 29 42 40 

12 32 27 49 42 23 38 10 

13 22 24 12 14 

10 26 19 12 27 13 

28 18 12 26 31 

51 53 38 12 26 

N 18 39 76 67 25 51 43 43 44 34 31 35 

E. s. = stades sexuels, N = Nornbre d' exemplaires 

Pour etudier la taille a la premiere maturite, on a 
considere les tailles echantillonees avec des intervalles de 3 
ern. On n'a pas observe de differences significatives entre males 
et fernelles, dans 1 'amplitude des tailles recensees. Pour les 
males, la taille de la premiere rnaturite est a peu pres de 107 ern 
et pour les fernelles cette taille est de 110 ern, la difference 
est uniquernent d'une classe de taille. Pour preciser cet aspect 
une analyse histologique est actuelrnent en cours de realisation. 
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V-VIII12 
Evaluation Hydroacoustique des Poissons Pelagiques sur le Littoral 

Mediterranean Espagnol et le Golfe du Lion (Mai-Juin, 1988) 

J. MIGUELat F. ALVAREZ 

Institute Espanol de Ocaanografia, Centro Oceanografico de Balearas, Palma de Mallorca {Espana} 

RESUME. Depuis 1983, l' IEO realise des campagnes d' evaluation 
hydroacoustique des populations de poissons pelagiques sur le 
littoral mediterranean de la peninsule espagnole. La surface 
prospectee a ete agrandie jusqu' au golfe du Lion. La campagne ECOMED-
88 s' est deroulee entre le 25 mai et 24 juin, entre Punta Europa et 
Cap Croisset. Nous avons obtenu des estimations de 1' abondance de 
Sardina pilchardus par classe d'age, d'Engraulis encrasicholus et 
d 1 aut res poissons pelagiques. 
l.MATERIEL ET METHODE. La campagne s'est deroulee dans le B/0 
"Cornide de-Saavedra" a une vitesse de 11 noeuds. L'equipement 
acoustique SIMRAD se compose de plusieurs ecosondateurs de 38 et 
120 KHz, d'un ecointegrateur digital QD et d'une sonde FR-500 munie 
d' un cable, calibre avec une sphere de cui vre de 60 mm de diametre 
(FROTE et al., 1982). Nous avons utilise un chalut pelagique de 10 m 
d' ouverture verticale avec lequel nous avons fait 39 peches au chalut 
pour 1' identification des echos. Nous avons traine la plataforme en 
zig-zag jusqu' aux 200 m, laissant une distance de 10 milles entre les 
radiales perpendiculaires a la cote. La surface a ete divisee en 
secteurs et en strates ( < 30 m, 30-100 m, 100-200 m ) • Trois groupes 
d. especes ant ete distingues a partir de la lecture des echogrammes: 
pelagiques 1 (sardine et anchois), Capros ~ et le reste des 
pelagiques (Trachurus ssp., Scomber scombrus, Boops boops, etc.). 
Pour calculer la constante de conversion des deux derniers groupes 
d • especes nous avons utilise 1' expression TS/Kg = - 10 log L - 22dB, 
dent il resulte la valeur c = 0.1733 L ton/mn2/mm. Pour le premier 
groupe nous avons utilise un TS (individuel) = 20 log L - 71.2 dB 
(ANON, 1983), ce qui donne un resultat de c=10.88E6/L-2ind/mn2/mm. La 
relation taille/poid utilisee pour la sardine est W=0.0023xL-3.4298 
et pour 1' anchois W=O. 0127xL- 2. 7016 obtenues a partir des 
echantillonnages de la campagne, dont on a extrait 528 otolithes de 
sardine pour determiner les cles taille-age. Les biomasses ont ete 
calculees par la methode DOMMASNES et NAKKEN ( 1975). Le parcours et 
les peches sent representes sur la figure. 
2.RESULTATS. Le degre de couverture (AGLEN, 1983) a ete de 28.3, ce 
qui supose une variance esperee dans les estimations des index 
d • abondance relative inferieure a 20% • La biomasse de sardine a ete 
estimee a 209 492 'I'm et 59.6% de celle-ci ont ete localises dans le 
golfe de Valencia. Par classe d' age (table ci-dessous), 66% des 
indi vidus correspondaient a la classe d. age 0' qui etai t la plus 
abondante dans les regions d' Alboran et de Catalogne. La biomasse 
d • anchois a ete estimee a 60 756 'I'm dent 54.1% se trouve dans le 
golfe de Lion et 26.9% dans le golfe de Valence. La biomasse de 
c. aper a ete estimee a 40 721 'I'm seulement aux alentours de Gibraltar 
ou 1 • ont a pas detecte d' autres especes. I 1 semble y a voir une 
relation entre 1 'entree d' eau atlantique et 1a· distribution de 
c. aper. Cette espece exclut les autres a 1' epoque ou elle apparait 
ce phenomene a coincide avec la presente campagne et les precedentes. 
Nous avons estime a 222 072 'I'm le reste des pelagiques. 

CLASS O'AGE ALBORAN G.VERA ALICANTE VALENCIA Cl>.TALU1'1A TOTAL 

0 63670 3778 23292 18723 37571 14 7034 

I 183 3901 52131 9928 66143 

II 381 466 7504 8351 

III 213 13 1020 1246 

IV 301 13 496 810 

v 23 379 402 

TOTAL 64771 3778 27685 80253 47499 223986 

~G~~~~RE~:~s · 1983. Ramdom errors of acoustic fish abundance estimates 
in relation to the survey grid density applied. FAO Fish. ~ ( 300): 

~6;798 
i983. Report of the Planning Group on ICES coordinated herring 

and sprat acoustic surveys. ICES C.M 1983/H: 12. 
OOMMASNES, A. and NAKKEN, 1975. The . app~ication of an echo
integration system in stock abundance est1mat1on of the Barents sea 

~~i:n K. ~o~Uo~:~ ·l!!~d c~~~TN~~71~: , s~;S2. Standard calibration. of 
echo-sounders and integrators with optimal copper spheres. Sympos1um 
on Fisheries Acoustics. Bergen, june 1982. Contribution No 40 · 
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V-VIII13 
Estimation of mortality rates z and M of Hake Merlucclus merluccius 

(Linnaeus, 1758), Blue Whiting Mlcromeslstlus poutassou (Risso, 
1826) and Striped Mullet Mullus barbatus Linnaeus, 1758 

Paloma MARTIN 

Institute de Ciencias del Mar (CSIC), Paseo Nacional sin., 08003 Barcelona (Espana) 

Hake, blue whiting and striped mullet are species traditionally exploited 
in the Catalan coast. 

Hake and blue whiting catches are similar, about 2000 annual tones, while 
striped mullet catches are smaller, given that combined annual catch of striped 
and red mullet is about 700 tones. With respect to economic yield from these 
species, at present, annual income from hake is about 2.000 million pesetas, and 
those of blue whiting and mullet (striped and red mullet) are similar, of about 
500 million pesetas. 

Hake is mainly exploited by trawling, but locally long line catches can be 
as important as those of trawling. This is the case of the hake fishery in Port 
de la Selva. Blue whiting and striped mulled are fished by trawling. 

We present estimations of natural mortality rate !+ ant total mortality rate 
Z obtained by means of different methods, of hake, blue whiting and striped 

.mullet. 

Methods that have been used are as follows: 

Uni~y~o:n~1~!~), based on the parameters of the Von Bertalanfy g;owth equation 

2. 996 k 
M = --------------

. 2.996 +k to 

p= arbitrary fraction of Linf 
2. 996= -ln (1-p) 

2) Pauly ( 1980), where Linf, k and temperature are used. 

log M= -0.0066-0.279 log Linf+0.6543 log k + 0.4634 log T 

3) Beverton and Holt (1956), from Linf, k, 1' (smallest length fully recruited) 
and lm (mean length es.timated from 1' ) • 

(Linf - lm) 
( F+M) = Z = k -------------

(lm - I') 

4) Jones (1984), from Linf, k, 1t (length at age t) and Nt (cumulated frequency 
of specimen until a~e t). 

ln (Nt) =a+ b (Linf - lt); b = Z/k 

DATA: 

- annual exploited lenght composition of: hake exploited by trawling (June 1982-
May 1983); hake exploited simultaneously by trawling and long line (data from 
Port de la Selva, December 1987- November 1988); and blue whiting (June 1981-May 
1982) and striped mullet (June 1982- May 1983), exploited by trawlin~. 

- parameters of the Von Bertalanfy growth equation: 

hake 
blue whiting 
striped mullet 

Linf k to 
103.0 0.0495 
40.3 0.22 -1.29 
29.72 0. 0891 -4.4207 

- selectivity of gear: 

trawling hake 
long line hake 
blue whiting 
striped mullet 

RESULTS: 

1 )Taylor, 1959 
2)Pauly, 1980 
3)Bev.&Holt, 1956 
4)Jones, 1984 
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A Method for the Assessment of the Fish Abundance 

S. MAZZOLA , D. LEVI , M. LUPOLI MAZZOLA and L. CANNIZZARO 

lslituto di Tecnologia della Pasca a del Pascato, CNR, Via Luigi Vaccara N. 61, 91026- Mazara del Vallo (ltaha) 

The aim of this paper is to illustrate a first 
application of a method based on K-nearest neighbour theory in 
order to assess the density of fish populations. 

The assessment of the abundance of the marine 
Resourches, in the last years, is becaming every more important 
and pressing either for the management of fisheries activities or 
for environmental reasons (LEVI liND ANDREOLI, 1989). 

The examined geographic area is considered as 
digital image in which high intensity zones (i.e. high measures 
of biomass realized by means of elettroacustic methods or by 
means of trawl surveys) correspond to high density zones in the 
binary image. 

In the following, binary image are considered and 
the pixels with value equal to 1 are named 11 0D 11 pixels; these 
pixels represent both structures background and "signal". Such 
images are referred as sparse images (DI GESU' , 1987); their 
analysis mainly deals with the densities of the "on" pixels 
instead of their intensities. Sparse images ar.e kind of data 
often detecJ;ed and analysed in biomedicine, high energy physics, 
X- 't -Astronomy. 

Our method is directly comparable to the classical formulation of 
the· deconvolution problem in the instance of discrete image, 
without noise background, v; namely it may be stated as follows: 
11given an image, M, detected by an instrument with response 
function, R, recover the true one, T". 

Fo~mally, the problem co~responds to finding the 
solutions of the vector equation: 

!1• R (•) T + v 

where the operator (*} is the convolution product. Often its 
exact analytical solution is difficult or impossible (TIKHNOV and 
AESENINE, 1974) because only statistical hypothesis may be done 
on the noise part, the response function is not well known and 
the linearity assumption is far from reality. 

The proposed adaptive convolution technique uses 
the local density information to compute the parameters of the 
convolution Kernel. At the present three convolution kernels have 
been considered. The gaussian (G), the uniform (U) and the 
Triangular (T). Their statistical parameters (bariances, 
width, ... ) a~e determined by considering the K-nearest 
neighbours of each on-pixel. 

There are several methods for the computation of 
the response function, R, and its shape parameters. The problem 
of computing the local density has no exact solution and anly 
heuristic methods have been proposed in the literature 
(TOUSSAINT, 1982, FRIEDt-WI ET AL., 1981). Two major problems must 
be addressed: the chaise of the best number of sample points and 
the evaluation of the *'real u area in which they are contained. 

The method has been tested on simulated data in 
order to control the results. The simulation technique generates 
a binary image, the density of which is propo~tional to the 
intensities of input image. The experimental results point out 
that the method restores the form of original images with good 
approximation. 

THe method will be applied an real data collected 
during eight trawl-surveys in the sicilian channel and by 
employing a stratified random sampling design. 
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V-IXl 

Periode de ponte et taille a Ia premiere maturite sexuelle de Boops 
boops (Linne, 1758) des Cotes Oranaises (Algerie) 

A. BENSAHLA TALET, D. BELAOUDA et L. MATOUB 

Laboratoire de Biologie Marine, Universita d'Oran, B.P. 16, Es-senia!W-Oran (Algerie) 

De decembre 1986 a novembre 1987, 1774 femelles, de longueur a Ia 
fourche (LF) comprise entre 11,0 et 22,4 em ont ete echantillonnees. Sur 
chaque individu, nous avons releve Ia longueur totale (LT) et Ia longueur a 
Ia fourche (LF) au mm pres, Ia masse plaine (M) au 1/10 g pres et cella des 
gonades (Mg) au mg pres. Les rapports gonado-somatiques mensuels 
moyens de Ia population de femelles ont ete calcules, toutes tailles 
confondues, a partir des valeurs individuelles (RGS = 100. Mg I M). La taille 
a Ia premiere maturite sexuelle (LFso) que nous avons etablie, correspond a 
Ia longueur a laquelle 50% des femelles sont mOres (CONAND, 1977). Le 
stade de maturite des gonades a ete determine par observation 
macroscopique de ces dernieres. 

Le RGS moyen augmente a partir du mois de janvier, attaint un 
maximum en mars-avril,avec des valeurs de 3,5 % environ, puis diminue 
jusqu'en septembre (Tab!. 1 ). Les RGS individuals maximums sont de l'ordre 
de 6,5 a 7%. La plaine periode de ponte sa situe de Ia fin fevrier jusqu'en 
mai, mais des le mois de janvier nous avons note Ia presence dans nos 
echantillons de femelles ayant pondu, et on peut considerer qu'elle est 
pratiquement achevee en juillet. 

MOIS Dec Jan Fev Mar Avr Mai Jui Jll AoO Sep Oct 

Eflectifs 17 74 344 235 205 168 164 101 208 138 

RGS moyen r.92 1,06 ,67 ~.66 ,49 2,38 1,19 0,39 ,37 0 

Tabl.1 .- Vanat•ons mensuelles du RGS des feme lies de Boops boops 

AUTEURS 

LOBIANCO, 1909 
BINI, 1968 
VIDALIS, 1951 
GIRARDIN, 1981 
ZUNIGA, 1967 
LAMRINI, 1988 
DIEUZEDE et a/.,1955 
CHALI-CHABANE, 1988 
ANA TO et KTARI, 1983 
MOUNEIMNE, 1978 
Present travail 

REGIONS 

NAPLES 
ITA LIE 
MONACO 
G. LION 
ESPAGNE 
MAROC All. 
ALGERIE 
BOU-ISMAIL 
G. TUNIS 
LIB AN 
ORAN 

M A M 

Tab!. 2 .- Penodes de ponte de Boops boops en Mtidtterranee et en Atlanttque. 

Nov 

120 

0 

Comparee a d'autres secteurs mediterraneens ou atlantiques 
limitrophes, Ia ponte de Boops boops sur les cotes oranaises se caracterise 
par sa precocite (Tab I. 2). En ltalie (BINI, 1968), a Monaco (VIDALIS, 1951 ), 
en Espagne (ZUNIGA, 1967) et au Maroc atlantique (LAMRINI, 1988), ella 
debute en avril. Dans le golfe du Lion (GIRARDIN, 1981)et dans Ia golfe de 
Tunis (ANATU et KTARI, 1983), elle commence en Mars. II n'y a que sur les 
cotes du Liban (MOUNEIMNE, 1978 ) qu'elle a lieu des fevrier, mais ella 
prend fin en avril. 

La taille a Ia premiere maturite sexuelle des femelles de Boops boops 
sur Ia cote oranaise, estimee a 11,7 em, est legerement inferieure a cella 
signalee en Mediterranee par divers auteurs qui l'evaluent a 13,0 - 13,5 em 
(Tab!. 3) Dans ce cas, egalement, Ia population de bogues de notre region 
est comparable a cella des cotes libanaises ou, salon MOUNEIMNE (1978), 
Ia taille a Ia premiere maturite sexuelle est de 12,0 em. 

AUTEURS REGIONS LFSO 

GIRARDIN, 1981 G. LION 13,0 em 
MATTA, 1958 Arch. To scan 13,5 em 
MOUNEIMNE, 1978 LIB AN 12,0 em 
BOUNHIOL et PRON,1 91 E ALGERIE 13,3 em 
CHALI-CHABANE, 1988 SOU-ISMAIL 13,5 em 
Present travail ORAN 11,7 em 

Tab!. 3 .- Tatlle a Ia premtiHe matunte sexuelle( LFSO) de 
Boops boops. 
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V-IX2 
Size and age at first maturity in Horse Mackerel (Trachurus 

trachurus L.) from the Adriatic Sea 

Veronica ALEGRIA 

Institute of Oc~anography and Fisheries, P .0. Box 114, Split (Yugoslavia) 

Size and age at first maturity are important characteristics for the assses

sment of a species under eXploitation. The knowledge of these parameters makes pos

sible a rather real evaluation of spa.,ning biomass since they directly affect its 

reproductive potencial, defining the reproductive life span of individuals. 

This paper present the result of studies of variations in mean length and mean 

age at first maturity in horse mackerel from the Adriatic Sea. This species make up a 

considerable part of the trawl catch at the eastern Adriatic coast. 

The data used cover the 1986-1988 period. Total length (L,cm), weight and sex 

were recorded. Gonad maturity was determined by macroscopic examination using Macer 

scale of specific maturation (MACER, 1974). Age was estimated by otoliths reading. 

Mean age (A
0

) and mean length (L
0

) at onset of maturity and the reproductive life span 

(RLS) were calculated by the Lysack formula (TRIPPEL and HARVEY ,1987). Length (L
50

) 

and age (A
50

) for 50 % maturity as well as length (L
95

) and age (A
95

) at 95 % maturity 

were taken directly from the maturation curves. 

Variation in mean length and mean age (years) at first maturity of horse 

mackerel for the period 1986-1988 are as follow: 

Year Sex 
L L50 L95 A A95 A RSL 

0 0 catch 

Males 150 19.70 20.84 26.34 61 2.56 5. 70 3.44 0.88 
1986 

Females 154 19.28 20.22 25.88 72 2.13 5.10 3.23 1.10 

Males 155 19.57 21.65 26.50 98 2.82 6.08 4.11 1.29 
1987 

Females 134 19.41 21.60 27.15 85 2.68 6.15 3.57 1.08 

Males 180 20.60 23.15 27.12 103 2. 70 5.88 4.00 1.30 
1988 Females 201 20.66 22.42 26.90 111 2. 54 5.05 3.98 1.44 

Onset of maturity in males tended_ to occur at larger sizes and older ages than 

in females. However, it may be stated that both males and females mature during the 

third year of age. The complete population reaches maturity not earlier than at five 

year of age. The transition from all inmature to 100 % mature condition occurred over 

a 10 em interval of length and 3 to 4 years of age, for both males and females. The 

intervals tended also to increase. 

When mean length at onset of maturity in males and females is compared to 

asymptotic length of this species, which was estimated to be 37.55 em, for 1980-1981 

period (ALEGRIA, 1984), it may be concluded that in both sexes the onset of maturity 

takes place when the specimens attain 52 % of the total length. This suggests that the 

reproduction strategy is rather late, probably due to the fact that JOOst of energy is 

expended on the process of fa.st growth of adolescents. 

The values obtained for each separate year of our study show a tendency to 

slight increase of mean length at first maturity, particularly in females. In relation 

to the age, however, the variations ·show no defined trend. The changes observed are 

probably related to changes of sea water temperature and favourable environmental 

conditions, which affect genetically defined length and age at onset of maturity. It 

is known that the increase in length and age at first maturity normally corresponds 

to years classes hatched at higher population biomass, since under those conditions 

reaching first maturity takes more time. This can mean that the horse mackerel stock 

is subexploited in the Adriatic Sea. However, it is uncertain if these were actual 

trends or due to sampling variability. 

In the catch of horse mackerel in the eastern Adriatic, the adolescents up to 

2.5 years of age make up 38 %, 41 % are individuals of 3-5 years and the rest are 

older individuals. On this basis the mean age of catches was estimated. If first 

maturity occurs when females attain, ~on average for 1986-1988 period, 2.45 years of 

age their reproductive life span lasts 1.25 spawning periods. Similar may be stated 

for males. 

In summary, this study has indicated that there has been a trend of slight 

increase in mean length and age at first maturity of horse mackerel of the A~riatic 

Sea, resulting in a shorter reproductive life span. However, further data are 

necessary to determine if this will be continued. 

REFERENCES 

ALEGRIA, V., 1984. Observations on the age and growth of Trachurus trachurus (L.) in 
the central Adriatic. Bilj. Inst.Oceanogr. rib., Split, 58: 6 p. 

MACER, C.T., 1974. The reproductive biology of the horse mackerel Trachurus trachurus 
(L.) in the North Sea and English Channel. J.Fish.Biol. 6: 415-438. 

TRIPPEL, E.A., and H.H. HARVEY, 1987. Reproductive responses of five white sucker 
(Catostomus commersoni) populations in reladon to lake acidity Can.J. Fish.Aquat. Sci., 
44: 1018-1023. 

Rapp. Comm. int Mer Medit., 32, 1 (1990). 

261 

V-IX3 
Oogenesis of Saurida undosquamis (Richardson) from the 

South-Eastern Mediterranean 

Th.·S. SHENOUDA and W.·F. WADlE 

Faculty of Education, Tnanta.:.University, National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

The present work deals with egg development in Saurida 
undosguamis as an example of Indo-Pacific species appeared in 
the Mediterranean on the fifteens of this century from the Red 
Sea crossing the Suez Canal and became one of the most important 
fisheries items. For histological analysis, one hundred ovaries 
collected during different periods of the year and egg diameter 
measured. Morphological study of oocytes in the fresh ovaries 
and relation between them at different phases of development is 
based on egg diameter measurements. 

I was observed that process of oogenesis is divided into two 
phases, the first is the period of small growth (Protoplasmic) 
which could be subdivided into ~ Juvenile phase in which the 
ovules are represented by small oocytes with diameter 14.0 to 
34.0 micron. The membrane is thin, cytoplasm is finely 
granulated, nucleus is relatively large occupying 60-80% of the 
egg cell. Eggs are transparent, chromosomes are not clear (phase 
B l . £ phase of egg cell with layered follicle in which the 
diameter of sexual cells ranges from 42-84 micron. The ovule 
consists of egg membrane and follicular membrane. The first is 
thin, while the second is double layered. Nucleus occupies about 
half the ovule diameter (Phase C). 

The second period is that of intensive growth 
( Trophoplasmic) , also this period can be subgrouped into three 
phases : ~ phase of primary yolk accumulation which is 
considered as the beginning of vitellogenesis and diameter of 
the egg cell fluctuates between 84 and 176 micron, yolk granules 
begin to appear at the periphery of the oocyte in vacuoles and 
gradually occupy its central part, they are of differnet sizes 
and have globe shaped form. The nucleus has nearly ovalshape, 
nucleoli are bigger than in the previous phase. The egg cell is 
not transparent having light yellow colour (Phase D). g phase of 
ovules filled with yolk. Diameter of the egg-cell ranges between 
179 and 280 micron. The cell membrane is thicked ( 20-22 micron), 
cytoplasm is nearly full of yolk granules, nucleus is nearly 
oval occupying relatively smaller area. Micropyle begins 
formation at the end of this phase, the nucleus migrates to the 
animal pole at which there is a unique micropyle, chromosomes 
are not distinguished. Fresh ovule has bright yellow to orange 
colour (Phase E) . s;. Phase of ripe Agq, diameter of eggs ranges 
from 280 to 360 micron, cell membrane becomes more thicker ( 28 
micron). The micropyle is clear and a layer of fibers which may 
be produced by the follicular cells is found above zona radiate. 
In this stage, the deposition of yolk is accompanied by its 
hydration resulting in an increase in size of oocytes and eggs 
become transparent again. Nucleus is not distinguished. Based on 
diameter measurements, there are four peaks of diameter oocytes 
(Phase F). The smallest oocytes with diameter 50-200 micron, 
transparent and considered as reserve group. Second group of 
oocytes having diameter 200-450 micron, they are not transparent 
The third group of oocytes which are in the period of 
trophoplasmic growth with diameter 450-700 micron, oocytes are 
light yellow to orange. The fourth group is that of mature and 
ripe oocytes in which the yolk deposition takes place, having 
diameter 700-1300 micron, this group is divided into two 
subgroups, the first comprises eggs at the beginning of yolk 
deposition (diameter 700-1500 micron). As a result of this 
process, the eggs become semitransparent. The second subgroup 
has eggs with diameter 1100-1300 micron. This subgroup is 
characterized by the end of yolk deposition process and eggs are 
transparent. 

Based on results obtained from histological and 
morphological studies of gonads and oocytes, the maturity scale 
for Sauride undosguamis is as follows : 

Stage I : 

Stage II : 

Stage III: 

ovaries and oocytes are thin and transparent, sexual 
cells cannot be visually differentiated, the oldest 
oocytes are in phase (B) • 
Ovaries are slightly increased but still are 
colourless and transparent occupying about half the 
body cavity. The oldest generation of oocytes are in 
phase (C). 
ovaries occupy more than half the body cavity. 
Oocytes are in the period of trophoplasmic growth 
having light-yellow to orange colour. The oldest 
oocytes belong to phases ( D and E) . 
ovaries occupy about two thirds of the body cavity 
cloudy translucent eggs of comparatively big 
diameters appeared. The oldest generations of oocytes 
are in phase (F). 
This characterizes the spawning fish in which ovaries 
attain the maximum size and occupy nearly all the 
body cavity. ovaries contain perfectly transparent 
eggs discharged from follicles. 
Fishes discharge eggs. Saurida undosguamis is a 
partial spawning, therefore the oocytes which will be 
discharged in the recurrent spawning season grow at 
different times. 

The present study reveals that arsynchronous development of 
oocytes appears in stage III. After the discharge of the first 
egg portion, the ovary does not pass to stage VI as in the 
monocyclic spawning fisk but passes to a stage in which the 
oocytes are found in a stage similar to stage III, however, this 
special case of maturity differs from stage III in that the next 
egg portion has empty follicles and so this stage is considered 
as VI-III 2 . If the fish discharges a second egg portion, so it 
will pass to stage VI-III3 and then VI-IV3. When the fish 
discharges all portions of eggs, the ovary enters into stage III 
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V-IXA 
Etude Histo-Cytologique de Ia structure sexuelle d'une population de 

Lithognathus mormyrus (L) (Teh!osteen, Sparide) 

Laurence BESSEAU 

Laboratoire de Biologie Marine, Universite de Perpignan, Avenue de Villeneuve, 66025 Perpignan (France) 

Le marbre, LiUloltiJaLhus moi1IJYZ"Us, est un Sparide medit.erraneen 
c6Lier, defini e01mue hermaphrodite prutamlre par D'ANCONA (1950), puis par 
REI!'.'BOTH ( 1962). Ulterieurement, LISSIA-FRAU ( 1968l a remis en question 
1, appliea.tion de ce ca.r-d.Ctere protandr ique a tous les marbres' dans la 
mesure oU 1 1 au leur a pu identifier des femelles primal res. 

Une analyse de la structure seA'Uelle de L. morm.r-rus du Roussillon 
a ete effectuee par des observations macroscopiques et microscopiques 
(histologie - cytologie) des gonades de 497 individus. 

11acroscopiquement, quatre groupeH sexuels ont. ete definis : 
- immature ( 0) 
- miile fonctionnel ( 1) 
-en inversion (3) : specimens dont !'ovotestis pt·€-senle un 

developpement. du test.lcule et de l'ovaire sensiblemenL 
equivalent. 

- femelle fonctionnelle ( 5). 

Les miiles duminenl dans les petites clas:;es de Laille. A parLir de 
25 em, la tendance s' inverse en faveur de.=~. femelles. Au-delB. de 32 em, Lous 
les individus sonl des femelles. Ces resultats confinuent la proLandrie 
chez L. morm,yrus. Les indlvidus en iuver~:don, difficlles a caracLerioer 
macroscopiquementt s~:mt de surcroit peu nombreux (3,5% ± 1,5) et largemer1L 
distribues dans les differentes classes qe taille : 1' inversion sexuelle 
semble done etre un phenomt'me labile dans la vie du marbre. I'>u· ailleurs, 
flOS observations ant revele la presence de femelle~ foncLiormelleH da.nH les 
petites classes de t.allle : il s'agit dune de femelles primaireg, 
representees par un pourcentage relati vemenL eleve ( 42 % ± 8 l . 

L'examen histo-cytologique des gonadel::t a pennis de carac..;t.eriser 7 
groupes sexuels : 

0 : gonade. immature 
1 : le testicule developpe, esl funeLionnel : 

- 1+ : la partie femelle, de petiLe taille, presente des 
ovogonies alignees le long de la pa.roi delimitant la cavlte ovarlenne ; des 
ebauches de lamelles ovariques, quelques ovoc:v-tes 
previ tellogenetiques. 

- 1- : dans la partie ovarienne des signes de deg:enerescence 
sont observes sous la fonne de lyses ovogoniales et ovocytaires, les 
cellules immuni taires etant nornbreuses. 

2 : testicule fonctionnel et dans le secteur femelle plus 
developpe qu'en 1+, les ovocytes previtellogenetiques nombreux sont situes 
dans des lamelleg ovariques constituees. 

3 Ovotestis dans lequel les deux LerrlLuireg onL urt 
developpement sensiblemenl equivalenL 

4 : Ovaire fonctionnel el pa.rLie testlculaire en regre.s::>ion 
presenlanl toutefois une slructure lobula.ire normz:ile. 

5 : Ovaire fonctionnel et partie m8.le t.re!:::; regres:::;;ee, SOU!::i 

l'aspect d'une fine crete oU ue subsislent que quelques rares 
spermatogonies. 

Si 1 'exa.rnen histo-cytologique des gonades r€v€le encore un pet.i t 
nombre d'anima.ux en inversion ( 6,1 % ± 2, 7), il pennet cepend.ant de 
reconnai tre deux etapes int..ermediaires au cours desquelle~ l 'ovaire se 
developpe { atade 2) et le Les Licule regresae ( stade 4) . Ces deux slade:; 
transi to ires signent le ph€:nom€ne de l 'inversion et compte-tenu de leur~ 
pourcentages respectifs { 12,2 % ± 3, 7 et 6, 1 % ± 2, 7), met tent plus 
clairement · en evidence 1 'ensemble des indi vidus interesses par le 
changement de sex<:. Par ailleurs, a cote des marbres classiquement 
protand.res et des femelles primaires. ces observations histologiques ont 
pennia de deceler panni les m§.les fonctionnels, certains doni. la :partie 
ovarienne de 1' ovotestis presente des cri teres c~tologiques de 
degenerescence notable. Ces individus ne sont pas rares (10 % ± 3), et 
correspondent done B. des rnii.les qui ne subiront pas d' inversion sexuelle. 

Nos resultats d'observations macroscopiques, completes par des 
investigations histo-cytologiques confirment done un hermaphrodisme 
protandre chez L. niOI1llJTUS. Le processus de 1 ' inversion sexuelle apparai t 
comme un phenomene labile dont les modali tes concernant le developpement de 
1, ovaire et la regression complete dq testicule paraissent etalees dans le 
temps. Cependant ce caractere protanctrique ne peut s 'appliquer a 1' ensemble 
de la population. En effet, nos resultats montrent un nombre relativemenL 
important d'une part de femelles primaires et d'autre part de miiles qui ne 
subiront pas d' inversion seA-uelle . 

D' ANCXJNA U., 1950, Il differenziamento della la gonade e 1' inverzione 
sessuale degli Sparidi. Arch. Ocean. Limnol., 6, 2-3, 97-163. 

LISSIA-FRAU A.M., 1968, Le manifestazioni della sessualita negli Sparidi. 
(Teleostei, Percifonuesl. Stodi Sassaresi, 2, 1-19. 

REINBOTH R., 1962, Norphologische und funlttionelle Zweigeschlechtlichlteit 
bie marinen Teleostiern ( Serranidae, Sparidae, Centracanthidae, Labridae l . 
Zool. Jb. Physiol. Bd., 69, S., 405-480 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 

262 

V-IXs 
Sur Ia reproduction de I'Atherine Atherina boyeri Risso, 1810 du 

Littoral Marin et Lagunaire Tunisien 

Mania TRABELSI et Fredj KART AS 

Laboratoire de Biologie et d'Ecologie Littorale, Facult& des Sciences de Tunis, (Tunisia) 

La reproduction de l'atMrine Atherjna boyerj est etudiee chez deux populations, l'une 
marine infeodee au secteur de Monastir (Est tunisien) et !'autre lagunaire vivant dans le lac 
lchkeul (Tunisia septentrionale). Les trois principales phases du cycle reproducteur, a savoir, 
Ia preponte, Ia ponte et Ia postponte, sent decrites et analysees grAce a !'observation 
macroscopique des gonades et au suivi des variations mensuelles du rapport gonadosomatique 
(RGS) effectues durant l"annee 1984-85. (Figure ci-dessous). 

Chez les femelles de Ia population marine, Ia periode de maturation des gonades dura 
quatre mois (mars-juin) et se caracterise par un important et regulier accroissement du RGS. 
La ponte s'etale sur trois mois au plus; ella se declenche en juin et pourrait se poursuivre 
jusqu'a aoOt. La plus forte intensite d'emission des ovocytes a lieu en juillet. La phase de 
restauration de Ia gonade et de repos sexuel s'etend sur une longue periode allan! d'aoOt a 
fevrier. 

RGS 
10 

RGS 
10 

M 

M 

A M 

M 

Mer-femelle 
Lac-femelle 

Mer-male 
Lac- male 

A 

0 

0 D 

Les mAles suivent une evolution cyclique analogue a cella des femelles. Le plain 
accroissement du testicule precede toutefois d'un mois environ celui de l'ovaire et Ia periode de 
maturation se trouve ainsi limitee a trois mois (mars-mal). Le maximum d'emission des 
produits sexuels mAles est plus precoce que celui des oeufs et se produit en juin. Tandis qu'on 
enregistre Ia ml!me periode de repos sexual qui couvre plus de Ia moitie de l'annee. Du point de 
vue developpement relatif des gonades, le RGS maximum est deux fqis plus important chez les 
femelles que chez les mAles (8,8 centre 4,3), alors que les RGS minimums correspondant a Ia 
periode de repos sont Ires faibles et voisins chez les deux sexes. 

En milieu lagunaire, Ia maturation des glandes genitales s'effectue d'une faQon 
synchrone chez les femelles et les mAles; elle debute en janvier et s'acheve en mars et est done 
plus precoce de deux mois et plus rapide que cella qu'on observe en milieu marin. On constate 
que Ia aussi, le RGS"maximum est plus eleva chez Ia !emelle (9,0) que chez le mAle (7,2), mais 
l'ecart n'atteint pas les proportions de 2 centre 1 relevees en milieu marin. Cette difference est 
due notamment au fait que le RGS maximum des mAles lagunaires presents des valeurs plus 
fortes que celles des mAles d'origine marine. L'epoque de ponte est plus longue que celle observes 
en mer et s'etale sur cinq mois (mars-juillet). Le RGS chute considerablement en avril et mai 
et il se stabilise chez les femelles ou regresse faiblement chez les mAles entre mai et juillet 
pour subir finalement une diminution spectaculaire en aoOt. Cette stabilite plus ou moins nette 
en mai-juin-juillet suppose une reprise ou une continuation de l'activite gonadique qui se 
traduit par le developpement d'ovocytes a mesure que ceux plus murs sent expulses. La periode 
de repos sexuel (aoOt-decembre), quoique plus courte de deux mois environ, est superposable a 
cella observee en milieu marin. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 



V-IX6 
Reproductive Biology of the common Guitarfish, Rhinobatos 

rhinobatos (Linneaus, 1758), in the South-Eastern Mediterranean 

S.-H. ABDEL-AZIZ and S.-A. ABDEL-MAGUID 

Oceanography Department. Faculty of Science, Alexandria University, Alexandria (Egypt) 

The common guitarfish, Rhinobatos rhinobatos, are ovoviviparous 

fish which are abundant in the Egyptian Mediterranean waters. The 
present study indicated that R. rhinobatos reached maturity at 70 

and 85 em TL for males and females respectively. This finding is in 

full agreement with the results of Capape and Zaouali (1981) on the 

same species along the Tunisian coasts. The maximum sizes recorded 

in the present study were 172 em for males and 181 em TL for 

females. Mating occurs during the period from July to September. Two 

ovulation periods exist, one in spring and the other in autumn; two 

broods are born year. Ova were observed in the uteri of all examined 

females shortly after parturition, which means that two broods are 

born each year. Active vitellogenesis observed in the ovary of 

pregnant females have been mentioned before by various authors. 

McEachran and Capape ( 1984) mentioned that R. rhinobatos are 

ovoviviparous fishes with one or two litters per year, of 4-10 

embryos. Capape ( 1985) mentioned that Rhinobatidae are among the 

Selachians that reproduce .several times per year. The species 

studied have a gestation period extending for 6-9 months. Active 

vitellogenesis in the ovaries was observed during the first 

gestation period (March-August), while in the second gestation 

period (August-October), vitellogenesis stopped. During the present 

study the largest embryo recorded was 30.2 em, while the smallest 

one was 24.5 em TL at birth. This means that size of the new born 

varies between 24 to 31 em TL. Capape et al. (1976) reported that 

the size at birth for R. rhinobatos was about 29 em TL. The average 

ovarian fecundity for R. rhinobatos according to the present 

analysis was 17.6 eggs, while the uterine fecundity was 11.8 (based 

an calculations from the two ovaries and the two uteri) • Along the 

Tunisian coasts, Capape ( 1985) reported that the ovarian fecundity 

reached 6 eggs for R. rhinobatos and 6-9 for R. cemiculus while the 

uterine fecundity was 4-6 eggs for R. rhinobatos and 5-8 for R. 

cemiculus. However, this author did not explain whether his 

calculation were based on two or one ovary or uterus. Several 

authors have reported relationships between number of embryos and 

mother size suggesting that the bigger individuals produce more 

litters . The present study reveals the presence of a linear 

correlation between ovarian fecundity and mother size. 
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V-IX7 
Observations sur Ia biologie de Ia reproduction de Dasyatis 

marmorata (Steindachner, 1892)(Pisces, Dasyatidae) de Ia Mer des 
Bibans (Tunisie Meridionale) 

C. CAPAPE 

Laboratoire d'lchthyologie at de Parasitologie Generals, Universite de Montpellier II, Sciences et Techniques du 
Languedoc, 34095 Montpellier (France) 

. Au lon9 des cotes tunisiennes, cinq Dasyatidae ont ete 
recenses(Capap_e, 1989). Parmi ces especes on cite, Dasyatis 
marmorata (Ste1ndachner, 1892) consideree autrefois comme une 
vari€1te de D .. pastinaca_ (Linne, 1758) mais dont Ia position 
taxonom1que n est plus m1se en doute (Fredj et Maurin, 1987). En 
TunJsle, et comme dans tout le reste de Ia Mediterranee D 
marmorata es_t seulement captures dans une laguna hyperhaline', Ia 
mer des B1bans, commun1quant avec le golfe de Gabes. 
L'observation de 677 i~dividus (329 males et 348 femelles) nous a 
perm1s de earner certains aspects de Ia biologie de Ia reproduction 
de l'espece. La taille de premiere maturite sexuelle des males a eta 
mise en evidence par le biais de Ia croissance relative des 
pterygopodes en fonction de largeur discale (10) ; celle des femelles 
par !'observation de l'activite vitellogenetique des ovaires et 
l'examen des contenus uterins. Le premier male et Ia premiere 
!emelle adultes ont respectivement 28 em et 32 em de 10. Les 
fe!llelles atteignent une plus grande taille (56 em de ID) que les 
males (40 em de 10). D. ma_rmorata est une espece vivipare 
aplacenta1re avec un seul uterus fonctionnel, le gauche. Des 
femelles avec des oeufs encapsules ou des foetus a terms in utero 
sont capturees regulierement en janvier, en avril en aout et en 
septembre. La gestation pourrait durer 4 mois mais il est difficile de 
preciser par individu le nombre de portees annuelles, 1, 2, 3, ... La 
formation des ovocytes est synchrone de celle des foetus. Leur 
diametre augments au fur et a mesure de Ia croissance de ces 
derniers, mais leur taille maximum, 2 em, ne serait pas atteinte lors 
de Ia parturition. Les embryons se developpent essentiellement au 
cours des troisieme et quatrieme mois de Ia vie in utero. Le role de 
Ia femelle est fondamental, le poids d'un oeuf etant en moyenne de 
3,2 g; c_elui du foetus _a. terme est de 98,5 g (Capape et a/., 1988). 
Les ba1sses concom1tantes du rapport hepato-somatique et du 
coefficient de condition au cours de Ia gestation nous amenent a 
penser que certaines substances sont prelevees dans le foie et dans 
Ia musculature et vont servir a !'elaboration des secretions uterines. 
La. depletio~ des _re_serves huileuses des hepatocytes a ate 
cla1rement m1se_en ev1dence par Ranzi et Zezza, 1936 ; Mellinger, 
1973 et Capape, 1978 chez les Dasyatidae ; le phenomena se 
retro·uve chez D. marmorata. La fecondite ovarienne est de 2 a 5 
ovocytes. La fecondite uterine est de 2 a 4 oeufs encapsules ou de 2 
a 3 embryons par portae. 
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V-IXs 
Egg-Case of the Dogfish Scy/iorhinus canicula (L., 1758) from 

Sicilian Channel (Mediterranean Sea). 1.- Test of the intraspecimen 
size diversity 

Sergio RAGONESE and Patrizia JEREB 

J.T.P.P., C.N.R., ViaL. Vaccara 61, 91026 Mazara del Vallo (ltalia) 

The smallspotted catshark, Scyliorhinus canicula, has a wide
spread distribution in the Sicilian Channel, where it constitutas an 
important by-catch species for local fisheries (probably most of the 
i833 t catch of Scyliorhinus spp. landed in 1982J Cingolani at al 
1986) and is commonly commercialized fresh and peeled (actual pric~ 
ca. 4$/Kg) • Neverthless, no information is available on the situation 
of this resource in the area. of the Sicilian Channel investi11ated by 
the I.T.P.P.-C.N.R. of Hazara during two years (May. S5-Feb. S7) of 
&Kperimental trawl surveys (Levi, 198S). 

UainQ data collected in this occasion and during an ''ad hoc" 
elaborated research program (SCYCAN), a random stratified sample (see 
the companion paper, Ragonese & Jereb, 1990) of 147 females of s. 
canicula with egg-casas in the oviducts was selected. For each 
specimen intra-oviducal egg-cases di ffarances in lanQth (median length 
'" ML I 0.1 mm), width ('!laKimum width = MW 1 0.1 mm) and "virtual 

:~:!a~::ka~8! ~o~i~~W1~6~~. I Fig.l) were tasted by using a paired t-

. MAXIMUM WIDTH (MW) 

F-1 (MW) 
FIG.! - Egg-case dimensions (ML and MW, 

0.1 mm- measured by using a calliper; 

SF • nun
2.J: Tendrils are not reported in 

the drawing. 

The null hypothesis (no difference) was always not disproved 
(T&b.l) but the test on the virtual surface fitted better the 
asaumption "•.. left and rigth egQ-cases are equivalent ••• ", 
containinQ mora information than the other two variables. Further the 
basic asaumption of the paired t...:tast (normal distribution of p~ired 
differences) was mat for SFdif (p= 0.2:16) and not for MLdif (p= 0.015) 
neither for MWdif (p=0.010) according to the Kolmogorov-Smirnov one 
.•ample test using standard normal diatribution (Lilliefors, 1967). The 
corraapond•nc• of rectangular approximation (virtual surface, fig.1) 
with th• actual surface (computed by using a digital planimeter PLANIX 
7, TAMAYA) cov&rad by egg-casa was evaluated on 18 egg-cases (3 for 6 
dimensional classes) J virtual surfaces are high significantly 
corr&l&t&d to the actual ones (Pearson correlation coefficient = 
0.97:11 p<O.Ol), the sligth overestimation (virtual/actual>!) baing 
compenaated by the easier computation. 

ML dif MW dif SF dif 

TAB.! Paired t-test on left-right 
MINIMUM -1.9 -0.9 -40.1 

differences (dif): degree of freedom 

MAXIMUM 2.1 1.1 45.2 ; 146; level of confidence c; 0. 05 

MEAN 0.061 -0.008 0.638 
(two sided); critical t value = 1.97; 

STANDARD 
H.: )ldif; 0; ND = not disproved. 

ERROR 0.054 0.025 1.252 

1.20 0.32 0.51 

H. ND ND ND 

Tti&se r&sults confirm, also on statistical bases, for s. canicula 
trawled in the Sicilan waters the "twin" nature of egg-casas (i.e. 
they &r& practically equivalent 1 Mellinger, 19S3) but indicate in the 
virtual surface a more useful st~tistic than length or width 
indi v idua 11 y considered. 
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V-IX9 
Egg-Case of the Dogfish Scy/iorhinus canicula (L., 1758) from the 

Sicilian Channel (Mediterranean Sea). 11.- Morphometric relationships 

Sergio RAGONESE and Patrizia JEREB 

I.T.P.P., C.N.R., Via L. Vaccara 61, 91026 Mazara del Vallo (ltalia) 

Looking at the Qeographical variation in th& agg-cas&s dim&m•ions 
of differ&nt population& of Scyllorhtnus canicula, a positive 
relationship between egg-case siz& and total l&ngth of sp&cimena has 
baan pointad out (Capap6, 1977). Within a wider research proQram on 
the smallspott&d catshark of the Sicilian Chann•l (see the companion 
paper, RaQonasa & Jereb, 1990), relationships between median length 
(ML J 0.12 mm), maKimum width (MW J 0.1 mm) and virtual surface (SF = 
ML*MW 1 mm ) of the egg-casas and total lenQth (TL 1 0.:1 em 1 fig.1) 
gonadic weight (GW 1 0.1 gr) and somatic weiQht (SW 1 0.1 gr) of 
sp&ciman• war-a studied. Length index (LI • ML/TL 'X), surface indax 
(SI•SF/TL 7.) and gonadic index (13I•GW/SW 7.) were also analya•d. A sat 
of 1:)6 RQQ-cases (one for aac!' spaciman) constitudad the data-ba••· 

f 
30 

10 

TOTAL LENGTII (em) 

X"' 41.~; SD "' 3.01 

YIRnJAL SURFACE (lflil2) 

X= 684.7; SD"' 66.00 

500 600 700 800 

10 

.f 
30 

20 

10 

MEDIAN LENGI'H (DID) 

X .. 43.s 

41 

14 16 

FIG.l - Frequency distribution and descriptive statistics 
(X mean; SD ~ standard deviation) of egg-cases (ML, MW and SF) 

and specimens (TL) dimensions; f = absolute frequencies. 

Median lenQth and maKimum width ran11es observed (ML 1 3.8 - 4.9 
em 1 MW 1 1.3 - 1.8 em) correapcind to tho•• raport&d for the tuniai&n 
waters . (Capap~, 1977), are lower but still comparable to those from 
tha Adriatic Sea (Jardas, 1979) and tha french Mediterranean 
(Mwllingar at al., 1984), but, as expactad, are different from thoaa 
reported for the Atlantic (Mellinger· at al., 1984). Tot&l ' length, 
median length, maKimum width and virtual aurfac• .frequency 
distributions are reportad in fig.! • With only one axc•ption (TL 1 
p~0.023), all frequency distributions (variables reported in tab.l) 
ware significantly comparable to th& normal one (KolmoQorov-Smirnov 
one aample test usinQ standard normal distribution, Lilliafora, 1967), 
evan thought that of the ma>timum width in a marQinal H&y (p•O.O:IB). 

ML MW SF TL GW sw LI SI 

MW . 234 

SF . 7391 . 8271 

TL . 399 .526 .591 

GW . 324 .572 . 587 .530 

sw .385 .574 . 617 . 922 . 626 

LI . 352! -. 370 ~ .0511 -. 7141 -. 307 -. 641 

SI . 531! .525! . 673! :! .196! . 216 -.094 . 594! 

GI *. 005 >\ .177 ''.134 ~. 192 .665! ~ .138 I *. 181 .326 

TAB.l- Correlation matrix: l ~ Autocorrelated variables (e.g. SF. • ML'MW); 

*~H.: p12 ~ 0 not rejected at a~ 0.01 (2 sided). 

Qualitative analysis of tha scatter-plata Qan•rally indicated a 
wide-spread distribution of points, sug11estin11 the uaa of no 
particular r&Qreasion modal than the linear one. Pearson correlation 
matriK (tab. 1) shows that egg-case dimomaions (ML, MW and SF) &re, 
all toQathar, more correlated to the somatic waiQht (SW) and highly 
significantly independent (p<0.01) of tha Qonado-somatic index (GI). 
ConsidarinQ also the autocorrelation problem when using indaKes, th& 
individual parameter mora correlated· to size variations (total length 
and somatic weight) seams to be the· maKimum width, as pointed out for 
the french Mediterranean by Mallingar ( 1983) 1 nav&rthelass, the 
virtual surface, as dariv&d by the two variables median length and 
maKimum width, constitute& a more useful variable. Anyway, only a 
small portion (leaa than 40-50 X) of the obsarvad variability is 
explained by thwsa corralation coefficients. Thus, othRr physiological 
and/or environmental factors beyond those •trictly related to 
gaographical different areas, seem to affect the kind of r•lationship 
aM:iating batwaan agu-caaa dlmanalona and alza of tha apaciman. 
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V-lXlO 
Donnees sur Ia reproduction de Scorpaena porcus du Golfe de Gabes 

Med Nejmeddine BRADAI• et Abderrahmen BOUAiii•• 

·1nstitut National Scientifique et Technique d'Oceanographie et de Pl!che 3029 Sfax (Tunisia) 
••Faculte des Sciences, 3029 Sfax (Tunisia) 

SEX-RATIO : 78,95 ~des 684 individus ex'l'llines sont des !emelles 
ce~lea-ci preaentent una dominance atatistiquement significative ' 
~ • 229). Cette dominance des !emelles est constat~• pratiquement tout 
au long de l'annde. 
L'~tude du sex-ratio par classe de taille (Fig.1) ·montre que le pourcen
tage des femelles augmente avec la taille. Ce resul tat peut !tre biaise 
par le faible nombre d' individus dans lea derni~res classes. 

TAILLJI! ET AGE DE 1£!e MATURITR SEXUELLE : Les tailles de premie
re maturlte aexueile ont ete determlnem en pleine pdriode de reproduc
tion des poissons. 
Lea plus petites !emelles matures mesurent 100 mm de Let et les plus 
grandee femelles immatures mesu,rent 140 mm (Tabl. 1 ). La taille pour 
laquelle 50 ~ des !emelles aont matures est de 108 mm soit A un age de 
3ans ( BRADAI et BOUAIN, 1988 ). A partir de 150 mm, la totalite des 
femellea sont matures. Cea resultata soulignent la grande variabilite 
de la taille de premiere maturi t~ sexuelle. 
Le plus petit m4le observe microscopiquement, susceptible d • emettre de 
la laitance, mesure 85 mm et eat Age de 2 ana. 

LO~r-r-1r-lr--t-y-y-r-r-r-r-rl Taille Matures :r-tures % -turea 

90 0 11 0 

100 9 16 36 00 

110 20 17 54,05 

120 33 13 71 74 

130 37 2 94,87 

140 29 2 93,54 

150 21 0 100 

160 8 0 100 
170 2 0 100 
180 3 0 100 

Tableau n°1 : Pourcentage des 
7eiiie!Tiismatures en fonction de 
la tai lle chez .§..:. porcus. 

PERI ODE Dl'! PONTE : Le rapport gonado-somatique (R. G.S.} atteint 
son maximum, chez les femelles, au moie de Juin. Le developpement des 
ovairee ae situe eesentiellement entre Avril et Juin. Le R.G.S. chute 
par la suite juaqu' au moia d 'Aodt (Fig. 2). · 
Chez lea mAles la phase de maturation des gam~ tea parai t se ai tuer entre 
le mois de Mars et le mois de Mai. Le frai pourrai t a' ~taler de Mai A 
Septembre (Fig. 2). 
Nous devons souligner que le R.G.S. est nettement plus eleve chez lea 
femellea que chez lea mAles. Lea testicules aont d'ailleurs le plus 
aouvent filiformes, lee .Plus developpea aont blanca et n•occupent cepen
dant qu 1 une partie l.n.!iae de la caTite abdominale. 

R.G.S ~ R.G.S & 

J 1M A MJ J S 0 N D 
Fip:ure n°2 : Variations mensuellea du R.G.s. 
chez §..:. porcus. 

0,3 

FECONOITE : L'.5turle de la fPcondite totale a etP r~alieee sur 
10 femellea de Lst comprise entre 105 et 163 mm et de masse comprise 
entre 49 et 181 g p~chees au mois de juin. 
Lea equations reliant la fecondit~ (F) a la taille (Let), a la masse 
corp.orelle (Me) et a la masse des gonadea (Mg) ont ete etablies l 

F • 3,23 10-2 Lst 2 • 62 (r • 0,849 

F • 214,22 Me 0 •87 (r • 0,838 

F • 3536,88 Mg
0

• 68 (r • 0,603 

Pour lee taillee comprises entre 105 et 163 mm, la Ncondite totale 
calculee varie de 6J41 a 20. 06? ovocytee. La fpconrli te rel'l t l ve est en 
moyenne de 2 300 ovocytes par gramme d 'ova ire at de 113 ovocytes par 
gramme de masse corporelle. 
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V-Xl 
Some aspects of biology and population dynamics of the Hake 

(Merluccius merluccius) from the Adriatic Sea 

Veronica ALEGRIA and Stjepan JUKIC 

Institute of Oceanography and Fisheries, P.O. Box 114, Split (Yugoslavia) 

Among the heavily exploited demersal stock in the middle and 
northern part of the Adriatic, the population of the european hake 
from the Jabuka Pit (open middle Adriatic} has been an important 
target of the commercial trawl fishery. Annual fluctuations of the 
juvenile and the spawning stock for the period 1960-1986, point to 
similar, although opposite trend in abundance indices, the annual 
fluctuations of spawning stock however, lagging behind those of 
juveniles for two or three years. Calculations suggest that a density 
dependent relationship exists between the stock recruit strength and 
the adult stock. 

On the basis of monthly fluctuations of indices of relative 
abundance of juvenile hake it may be stated that juvenile stock 
reaches a significant maximum in spring (May} and another, lower, in 
autumn (ALEGRIA and JUKIC, 1988}. All evidences show that the 
reproductive cycle of this species extends almost all year round. The 
earlier spawning begins in winter, in deeper sea water layers (about 
200 m). In spring-summer hake spawn in shallower waters (ZUPANOVIC and 
JARDAS, 1986}. As to the life cycle of the Adriatic hake it was found 
that the smallest mature male in samples from 1988-1989 measured 23 em 
and female 28 em in total length. According to ZUPANOVIC (1968), males 
mature at 20-28 em and females at 23-33 em total length. It was 
confirmed that individuals attaining first maturity leave the channel 
regions of the eastern Adriatic coast, i.e. their feeding grounds, and 
migrate towards the open and deeper waters of the Jabuka Pit. This 
area is held to be. the main hake spawning ground in the Adriatic. The 
larger number of eggs and larvae were found in this area during 
autumn-spring, with maximum in January and February (KARLOVAC, 1965}. 
Juvenile individuals remain in this area by the end of the first year 
and the beginning of the second year, changing food and feeding habits 
(JUKIC, 1972). 

All these changes are reflected upon the hake otoliths. During 
the first year of life period two to four not clearly distinct hyaline 
zones are formed round the otolith primordius. The last one is best 
developed and may be easily distinguished as a complete hyaline zone 
and is very likely indicative of the habitat change. 

The fol·lowing growth parameters were calculated: L"' = 9 2 • 8 3 em 
total length, K = 0.097 and t

0 
= -0.692. Obtained values are slightly 

higher than those obtained earlier by ALEGRIA et al. (1982), but 
smaller than those calculated using the length at age data of 
ZUPANOVIC (1968). However, growth pattern was observed to differ 
between males and females coinciding with the different minimum body 
length at the onset of first maturity. 

It was found that otolith length of males of 12-38 em exceeded 
·that of the females of 14-55 em. However, if only juvenile and 
adolescent individuals are considered, the intervals of slow growth 
coincide to a certain extent. A possible explanation of these 
differences is that males grow slowly in comparison to females and 
that they have bigger otoliths than the same size females. 

On the other hand, if the onset of first maturity of females 
occurs at older age than in the case or males, than the reproductive 
life of females is shorter. This problem should be accounted for by 
further and more detailed studies, especially the influence and 
relationship of the reproductive potential of spawning stock on 
recruit stock strength. 
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Biology and population dynamics of Plcarel (Msens smsris L), Family 
Centracanthidae, in the waters of Cyprus 

R.-J. LIVADAS 

Department of Fisheries, Nicosia (Cyprus) 

Introduction 

Maena smaris L, is one of four species of the family Centracanthidae 
inhabiting the seas cif Cyprus. It is one of the most important 
commercially species landed by the fishery in Cyprus. The study of 
this species was undertaken for the purpose of obtaining its 
biological parameters and other data necessary for the rational 
exploitation and management if its stocks. 

Materials and Methods 

A total of 46678 fish were measured for length distribution on board 
commercial trawlers and inshore fishing boats during 1966-1984. A 
further lot of 1530 specimens were examined for population analysis in 
the laboratory. Total length <LTl was taken to the 1/2 or 1-cm below. 
Age determination was done from otolith arn:l partly from scale 
readings. For determination of maturity stages, the 8-stage 
Classification scale by Maier was used. <Laevastu 1965). 

Age designation: This is shown below: 

: Age-group 0 I I I II 
: ------------ : -------l -------- : --------: --------: 
:Months old 0-9 l 10-22 : 23-35 : 35-47 
: ------------: ------- l -------- : --------1--------: 
~Year-rings 0 2 

The above designation agrees with the age-designation by Chugunova 
( 1959! and Wi 11 i ams ~< Bedford ( 1973). 

Results 

Length-weight relation. M+F w ;;; 1.45715 X 10 - 2 X L2 .. 00 

V. Berta} anffy · s Growth Formula parameters. 
M+F Lc.co= 22. 2t:m K = 0. 24 tc. = -1.0 Woc=100g 

Ma>: i mum age: 3. 2 years 

Sexual inversion: In Maena smaris appears the phenomenon of sexual 
dimorphism (proterogynous hermaphroditism) at the age of 2 years old. 
Maena smaris matures genetically at a length of about 10cm in its 
first year of life <11-12th monthl.Spawningstartsattheendof 
March and is completed by the end of May. Female fish precedes male in 
the spawning process by 3 weeks at least. The catch of the trawl 
fishery ·consists of 4 age-groups, D-Ill, of which age-groups I and I I 
are the most important, providing th"' bulk of the 1:rawlers: landings. 
The catch of the •i,.;shore fishery consists mainly of age-groups II and 
I I I, the most important being age-group I I. 
Age and length of recruitment to the trawl fishery: 

tc= 6-7 months old lc = 6-7 em 

and for the inshore fishery tc = 2 years old lc=12-13 em 

Total mortality (Zl and Fishing mortality <Fl for the period 
1966-1984, fluctuate for the trawl fishery between: 

Z= 0. 37-0.70 F= 0. 07-0.40 

and for the inshore fishery: 

Z= 0. 58-0.99 F= 0.28-0.69 
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V-X3 
Natural History of Sole (Soles vulgaris L. 1758) in the Amvrakikos 

Gulf (Greece) 

C. PAPACONSTANTINOU, G. PETRAKIS and E. CARAGITSOU 

National Centre for Marine Research, Hellenikon, Athens (Greece) 

INTRODUCTION 
Sole, Solea vulgaris L., is an important commercial species of flat

fish, which contributes to the fisheries in estuaries, backwaters and 
inshore areas. It ranges from Senegal to Norway, along the eastern coast 
of the At 1 antic Ocean, the Mediterranean Sea and the southwestern Black 
Sea (Whitehead .tl li..,.,1986). The species is very common in Greek seas, 
living on soft bottom at depths ranging from 5 to 80m, and it is 
actively exploited, mainly by coastal fisheries. Several authors have 
~ummarized a~d discussed the occurrence and life history of the species 
1n the Med1terranean Sea, but no relative information is available of 
Greek seas. The purpose of this work was to investigate certain aspects 
of the life history of sole in the Amvrakikos gulf (Greece). 

MATERIAL AND METHODS 
Between December 1986 and March 1987, monthly samples of sole, amoun· 

ting to 237 speciemns, were obtained from trammel net catches. All nets 
were 1.2m deep by 200-250m long and had 3 panels of mesh 40·(!6-17)-40mm 
from knot to knot. The duration of fishing varied between 10 and 14 h. 
Total length (TL) to the nearest mm, weight to the nearest g, sex and 
gonad maturity, when possible, were recorded. Age was determined by 
otolith reading. Mortality estimates were calculated by the catch curve 
method of Pauly (1983). 

RESULTS 
A length-frequency distribution of 237 soles based on the total length 

at capture, over the study period, is illustrated in Fig.l. Since the 
size of the sample and the sampling period were small, all data were 
combined. Both sexes were combined, since no difference in length was 
found between them. The Tl distribution ranged from 9.0 to 35.0cm, whilst 
the major peak of abundance was in the length range 21.0-31.0 em. The 

N•237 

10 12 M 18 'lei :1:0 22 2_.. 2t 28 30 32 34 

Length (TL) c m Age 
Fig.1, Length frequen:cy distribu

tion of sole (1966-1987) 
F1g,2. Age distritu'".i.:H< of scle 11i 

the Arnvrakikos Gulf <!986-1987) 

presence of young sole, 9.0-2l.Ocm, representing age group 0+ and I+, was 
very low, not exceeding 13%. 

The age distribution of sole, presented in Fig.2, shows that the 
longest size grouping included fish with ages ranging from 0 to VI 
years, whilst the•age groups II and III were represented by over 80%. 
The scarcity of <II+ can be attributed to the selective action of the 
trammel nets used and to the dispersal of fish according to maturity or 
their ecology in different parts of the gulf'. 

The relationship between total length {TL) in mm and otolith radius 
(R), obtained with 211 individuals, was: Tl=66.2+3.66XR (correlation 
coefficient 0. 954). 

TABLE I. Back-calculated Tl in mm of sole from the Amvrakikos Gulf 

Age Number of length at Calculated length at end of year 
group individuals capture I II Ill IV V VI 

I 10 180.9 164.3 
II 113 241.6 171.7 221.5 

III 62 266.1 170.4 223.2 250.9 
IV 14 283.9 168.8 219.2 250.8 296.6 
v 7 299.9 172.9 227.3 258.6 282.2 296.3 

VI 5 330.0 173.1 228.0 262.4 291.7 312.2 326.8 

Average length 170.8 222.2 252.1 277.2 302.9 326.9 
Number of individuals 211 201 88 26 12 5 

The growth parameters were obtained from the length at time of captu
re for all fish aged 0-VI (sexes combined) and used to calculate the von 
Bertalanffy equation. The asymptotic length was found 348.8 mm, the 
growth coefficient (K) was 0.38, and the "age" at which the fish would 
have length zero if they always grew according to the equation (t0 ) was 
equal to ·0.41. 

The length-weight relationship was developed using the general equa· 
tion W=aLAb, where W weight in g. and L length in mm. No significant dif
ferences was found between sexes (analysis of covariance test) .During the 
course of the survey, a tota 1 of 237 fish was weighed and the computed 
length-weight relationship (sex combined) was a=0.000003 and b=3.172. 

As sampling was not representative over the whole year, the est ima· 
ted mort a 1 i ty refers to the winter months, which are also those of the 
reproduction.A length converted catch curve based on the total catch was 
used to calculate total mortality (Z)= 0. 769 (Pauly, 1983). An empirical 
estimate of the natural mortality (M)=0.26 was obtained using Pauly's 
equation (1983).Thus, the exploitation ratio was computed,E=0.75, indi
cating that the fishing pressure on the sole stock in the area was 
rather high. The reproduction in the Amvrakikos Gulf takes place between 
December and March. Some immature individuals were caught in summer. 
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Quelques aspects de Ia Biologle de Bothus podas (Delaroche, 1809) 
(Osteichthyes, Bothidae) dans Ia Region du Golfe de Valence 

(Mediterranee Occidentale) 

Antonio SANZ BRAU 

Departamento de Ecologia {Bioi. Marina}, Facultat de Ciencies Biologiques, Universitat de Valencia, Burjasot 
(Espana) 

Le rombou podas Bothus QQill est une espike benthique commune 
dans toute la Mediteranee et !'Atlantique oriental, depuis les cotes du oolfe de 
Cadiz jusqu'a l'Angola (TORTONESE, 1975; NIELSEN, 1986). Poisson ciitier,"ctans la 
region du golfe de Valencia c'est un habitant commun des fonds de sable de faible 
profondeur. La biologie de B. podas dans cette region est inconnue. Nous apportons 
dans ce trava1l l es premieres donnees sur ce poisson. 

Nous avons etudi e 831 i ndi vi dus de Bothus QQill proven ant des 
cha 1 utages effectues par l es bateaux de l a pee he i ndustri e 11 e du port oe Va 1 enci a 
(golfe de Valencia) pendant les mois de decembre 1988 et de mars, septembre, octo
bre et novembr~ 1989. Cette espece ne fait pas 1 'objet d'une peche importante, car 
elles n'est presente que pendant quelques ·mois. 

La figure l presente globalement les resultats de 1 a structure 
de l a popu 1 ati on d' apres 1 es hi stogrammes de frequences des 1 ongueurs tot a 1 es ( c 1 as 
ses de 1 em) pendant les cinq mois Hurlies. Les males ant une taille plus grande -
que les femelles, mais cette difference est seulement significative pour les prele 
vements realises en decembre et en mars (tab 1 eau I) . -

2 Les males sont plusnombreux que ~es femelles. L~ sex-ratio 
est 4:3 rx1 = 0.1299, n.s.) sans vanat1on selon les echant1llons (X

4 
= 6.S824, 

n. s.). 

Fig. 1.- Hi stogrammes des frequences des tai 11 es. 

MALES FEMELLES S!GNIFICA-
TTON 

Taille (em) Taille (em) 

Dec. 88 106 12.05 ± 0.18 89 11.34 t 0.22 2.422 0.05 

Mar. 89 60 11.90 ± 0.25 48 11.01 ± 0.22 2.531 0.05 

Sep. 89 146 11.90:!: 0.20 114 11.89 :!: 0.24 0.032 n.s. 

Oct. 89 101 12.55 :!: 0.22 50 12.27:!: 0.32 0.727 n.s. 

Nov. 89 67 13.20 :!: 0.24 50 13.09 :!: 0.27 0.321 n. s. 

Tab. I.- Tailles moyennes des males et des femelles. 

Milea 
L2.98 
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/ 

Fig. 2.- Relations taille/poids. 
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Une car·acteristique de 
cette espece est so~ dimorphisme se
xue 1, notamment apparent au ni veau 
de 1 a di stante i nterorbi tai re. Chez 
l es rna 1 es 1 'e 1 oi gnement des yeux est 
plus grand que chez les femelles; 
mai s cette difference n' est seu 1 ement 
appreciable que chez les individus 
de taille superieure a 8 em de 
longueur totale. 

Le graphi que de l a fi
gure 2 represente 1 a relation tai 11 e/ 
poids des males et des femelles. On 
voit que les poids des males sont S!!_ 
perieurs ceux des femelles pour une 
meme taille. !1 existe done encore a 
ce ni veau un certain di morphi sme 
sexuel. 
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Approche de Ia croissance de I'Espadon Xiphias gladius en 
Mediterranee Algerienne 

A. CHALABI . H. DIB , A. OURDANI et S.-M. KAHMOUN 

lnstitut des Sciences de Ia Mer at de I'Amenagement du Littoral, I.S.M.A.L., B.P. 90, Alger 1er Novembre, Alger 
(Algerie) 

Les stocks de grands pelagiques constituent une ressource mal connue 
en Algerie. Leur peche, consideree comme marginale, saisonniere, est pratiquee 
par des petits-metiers, palangre de surface pour les espadons et l igne morte pour 
1 es thons rouges. 

L' amelioration de la peche de ces especes a haute valeur commerciale 
necessite une modernisation technologique possible grace a une connaissance appro
fondie de leur ecologie, de leur biologie et de leur dynamique. A ce titre, un 
axe de recherche a ete initie a l'ISMAL en 1989. Les premiers resultats con.er
nent la croissance de 1 'espadon capture en deux regions d'Algerie. Beni-Saf a 
l'Ouest et Bou Haroun au centre. 

On a echanti11onne respectivement 141 et 197 individus aux ports de Beni
Saf et de Bou Haroun de mai a aout 1989. l' approche de 1 a croissance a ete abordee 
par 1 'analyse des frequences de tailles (PETERSEN, 1892) pour les deux regions. 
Une methode directe a ete utilisee d'autre part pour les individus captures a 
Beni-Saf ; e11e consiste a determiner les marques chronologiques observees sur 
les deux premiers rayons de la nageoire dorsale (R.E.N.D.). Pour cela des coupes 
sur lames minces (40 a 100 urn) ont ete realisees. 

Les tailles mod ales correspondent a des longueurs sans rostre (LSR), 
mesurees a 1 a fourche, exprimees en em. 

La relation d'allometrie entre la taille et le poids a ete etablie pour 
les captures de Beni-Saf. Le poids utilise concerne le poids eviscere (WE). La 
relation a ete etablie pour la longueur a la fourche, rostre compris (LF) et sans 
rostre (LSR). 

La determination des modes obtenus par les deux methodes est presentee 
dans le tableau suivant 

Region Methode de PETERSEN Lecture directe 

Beni-Saf 84,6 103,6 119,6 86 107 

Bou Haroun 87,6 102,4 117,6 I 130 I 142,4 I 

Les trois premiers modes obtenus sont sensiblement egaux pour les echan
tillons des deux regions. Toutefois, les quatrieme et cinquieme modes n'apparais
sent pas dans les captures de Beni-Saf, en raison semble.-t-il d'un effectif tres 
reduit dans les grandes tai11es qui sont d'ailleurs inferieures a ce11es de l 'echan
t i 11 on de Bou Haroun. 

La methode directe a partir de 1 'observation du R.E.N.D. a montre deux 
modes pour des .individus dont la longueur sans rostre varie entre 80 et 110 em. 
Les tailles moyennes sont comparables a celles obtenues par la methode de PETERSEN 
dans les deux regions. 

Le taux de croissance entre deux modes successifs pour 1 'echanti llon 
de Bou Haroun varie mais ne diminue pas avec 1 'age. Cette observation indiquerait 
une croissance differentielle intra-specifique due peut-etre aux facteurs trophiques 
qui fluctuent avec les conditions de 1 'environnement. Pour les individus peches 
a Beni-Saf, le taux de croissance semble diminuer avec l 'age mais ceci n'est pas 
evident en raison de 1 'absence des quatrieme et ci nquieme modes. 

La relation taille-poids de l 'espadon pour la region de Beni-Saf est 
1 a sui vante : 

WE ~ 5,188 10-6 LSR 3' 168 

WE ~ 7,018 10-6 LF 2•869 

avec 

avec 

r ~ 0,957 

r = 0,923 

Le poids est exprime en kg et les longueurs en em. D'apres le coefficient 
de correlation, la relation est plus precise lorsque la longueur ne tient pas compte 
du rostre. Un test statist ique (SCHWARTZ, 1963) i ndi que qu' au seui 1 de confi ance 
a ~ 5 %, la croissance de l 'espadon peut etre consideree comme etant isometrique. 

Ces resultats preliminaires ne permettent pas d'etablir une cle age
longueur de 1 'espadon peche pres des cotes algeriennes, bien que certains auteurs 
(BERKELEY et HOUDE, 1983 ; WILSON et DEAN, 1983) modelisent sa croissance selon 
1 'equation de VON BERTALANFFY pour des specimens captures en Atlantique. Les metho
des statistiques qui necessitent des effectifs eleves sont difficilement applicables 
sur une telle espece de taille importante, dont les captures sont faibles en l 'etat 
actuel de la pecherie. En consequence, 1 'etude se poursuit en util is ant le second 
rayon de la nageoire anale pour la lecture de l'age (BERKELEY et HOUDE, 1983). 
l'etude de la croissance de l 'espadon est menee simultanement avec celle du regime 
alimentaire qui pourrait indiquer l 'impact d'eventuelles periodes de disette sur 
le taux de croissance. 

La structure demographique des poissons echantillonnes indique que seuls 
les juveniles sont actuellement accessibles. 11 reste a localiser les grands indi
vidus du stock ce qui est programme dans le cadre de la campagne de recherche 
prevue pour 1 'ete 1990. 
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V-X6 
Croissance lineaire du Pageot Commun (Page/Ius erythrinus) du Golfe 

de Gabes 

Mohamed GHORBEL• at Abderrahman BOUAIN .. 

•1nstitut National Scientifiqua at technique d'Oceancgraphia at de Pecha, 3029 Sfax (Tunisia) 
.. Faculte des Sciences de Sfax, 3038 Sfax (Tunisia) 

ABSTRACT : The age and gro~h of COUIDOD pandora (Pagellus erythrinus) living in the 
gulf of Gabes have been studied by scalil'lletric .etbod and the theorical growth equa
tions calculated .. The results are compared with those obtained i.n other parts of the 
Mediterranean Sea .. 

RESUME : Hous avons Ctudii par scali.mitrie la croissance liniaire du pageot c011&Wl 
(Pagellus erythrinus) du golfe de Gabes .. Les rt!sultats sont compares avec ceUI obte
nus dans d. aut res regions de 1a Miditerranee .. 

ESTIMATION DE L 1 AGE : L'observation des Ccailles du Pageot Commun {Pagellus ~
rinus) montre que les stries d • arret de croissance apparaissent principalement au 
.a is de Mal ; la ponte a lieu entre Kai et Juillet. Ce qui nou& a perm.is de deter-
1Riner 1 'ige approxilllati.f de ces poissons (tabl. 1). 

Age en mois 10-12 22-24 34-36 46-48 58-60 70-72 82-84 

8,62 11.16 13,03 14,36 15,37 16,70 19,10 

Miles 8,61 10,92 12,91 14,61 16,07 17,32 18,40 

n 195 P4 127 70 24 

8,54 11,15 12,85 14,22 16,16 18,35 20,75 

Femelles B 8, 70 11,10 13,20 15,04 16,64 18,04 19,26 

n 282 202 77 32 10 4 

MBleS 8,58 11,16 12,94 14,31" 15,58 17,25 19,93 

8,39 10,86 13,02 14,9C 16,54 17,97 19,22 

Femelles n 483 380 208 104 35 12 

~ : Age approxiaati.f et t.aille (Lst en em} detel1lrl.nee par scali..metrie (A) 
et par le modele de Von BER'l'.ALANFFY (B) chez p. erythrinus du golfe 
de Gabes ; n : effectif. -

CROISSANCE LINEAIRE : Lea equations de regression reliant la longueur standard du 
poisson (Lst en ca) au rayon total de 1 'ecatlle {R en 111111.) figurent dans le tabl.2. 

A partir de ces equations~ nous avons calcule la taille des poissons 8. 
!'apparition de chaque anneau d'arret de croissance (tabl .. 1). 

Equations 

Males Lst • 5,335 a0 •850 
0,901 203 

Femelles Lst • 5,054 R0 •883 0,904 317 

Miles + femelles Lst • 4,988 R0 •901 0,920 527 

~ : Relation entre la taille (Lst en em) et le rayon de 1' ecaille 
(R en -> chez ~ erythrinus du golfe de Gabes, n : effectif, 
r· : coeffici.ent de correlation 

MODELE TBEORIQUE DE LA CROISSANCE : Pour determi.ner lea parametres de 1' E!:quation 
theor1.que de Von B!RTALARFFY. nous avons pri.s en consideration 1 • age maximum {tab .. 1) 
estiae i 1 'appari.tion de chaque anneau d'arret de croissance. Ces parametres sont 
consignee dans le tableau suivant (Tabl. 3}. 

Lst co (em) t 0 (ans) 

lliles 24,900 0,153 - 1,774 
Fe.elles 27,781 0,135 - 1,791 
Miles + Fe~~elles 27,714 0,137 - 1,631 

Tableau 3 : Parametres de 1' equation de Von BERTAJ..ANFFY 

~ : Lea valeurs des longueurs standards estimees a partir de l'E!:quat.ion de 
Von BEB.'TALAHFFY {B) sont tres procbes de celles diterminees par le ca1cul retrospec
tif (A) (tabl. l). Ce IIIOdHe s'applique done a la croissance des pageots. 

Dans le golfe de Gabes les femelles de Pagellus erythrinus ont: nne croi.s
sance legerement plus. rapide que celle des mil.es (tabl. 1). 

· La croissance li.ne&ire de Pagellus erythrinus dans le golfe de Gabes est 
comparable a celle dans le canal de Sicile (AliDALViiiJ et PRESTIPINO - GIARR.ITA, 1985) 
et B. Chypre (LIVADAS. 1988} ; alors qu' elle est meilleure dans le golfe du Lion (GI
RAIIDIN et QUIGIIARD, 1985) (Fig. 1). 
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Figure 1 : Longueur totale (Lt) en fonct.ioo de 1 'ige chez 
--- ~ erythrinus dans divers secteurs de la Mediterranee .. 
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V-X7 
First Age Estimates of Albacore, Thunnus alalunga Bonn., in the 

Aegean Sea using scales 

Persefoni MEGALOFONOU 

Dipartimento di Produzione Animate, Universita di Sari, Sari (ltalia} 

INTRODUCTION Albacore distribution in the Aegean sea J..s discontinuous 
with a higher concentration mainly in the north between the Sporads 
islands and the penisula of Chalkidiki where the most important Greek 
fishery fleet for albacore operates since several years. 

Preliminary data on fishing grounds, fishing period, total catch and 
size distribution are reported by DE METRIO G. et al. ( 1988) but there is 
no certain data about the age structure of the stock in this area. Age 
estimates have been made for albacore in the Central Medite=anean using 
the scales <CEFALI A. et al., 1982). Some other estimates were perfomed 
in the Atlantic using different methods (BEARDSLEY G.L. ,1971; BARD F.X., 
197i>; GONZALEZ-GARCES A. and A.C.FARINA-PEREZ, 1983). This study is a 
first approach to evaluating the age and the growth of albacore caught 
in the Aegean sea using the scales. 
MATERIALS AND METHODS The fork length and the weight of 868 fish in 
1986 and 379 in 1987 was measured at Alonisos port. Scales were 
collected from 219 fish during the autumn of the same years. Date of 
capture and fork length (FL) were recorded for each specimen. For the 
age estimation, reading of the scales was performed under an optical 
microscope. The average lengths (FL) at age were calculated. 
RESULTS AND DISCUSSION The fork length (FL) of the albacores ranged 
from 5i>.8 to 82 em and the age estimated were from 1+ to 6+ years. The 
smallest specimen of the sample was 1+ year old while the largest was i>+ 
years old. A size-age key for 219 albacores grouped in size classes of 
2 em is given in Table I. 

Table I. Size-age (estimated) key of the 219 albacores studied. The 
fork length (FL) is regrouped in classes of 2 em. 

Estimated age 
FL (em) -------------------------------------------------------------

5i>-56 
56-58 
58-60 
60-62 
62-6i> 
6i>-66 
66-68 
68-70 
70-72 
72-7i> 
7i>-76 
76-78 
78-80 
80-82 

0+ 1+ 2+ 

2 
8 

20 
31 
16 

5 

3+ i>+ 

10 
23 
32 
15 

!> 
1 

1 
1 

11 
12 
10 

1 
1 

5+ 6+ TOT 

2 
3 
2 
9 

21 
u 
!>0 
38 
26 
16 
13 

2 
5 
1 

The age classes most present in the sample were classes II, III and 
IV with a percentage of 37.9%, 39.7% and 17.8% respectively. Very few 
individuals, practically !>. 6% of the sample, were estimated as belonging 
to the age classes I, V, and VI. 

Size distribution of the catch in 1986 and 1987 is reported in the 
Fig.L The average fork length of the albacore was 68 em in 1986 and 
67.6 em in 1987 where the average weigth was 5.8 kg and 5.7 kg 
respectively. Most of the caught fish lengths (FL) ranged between 60 and 
7!> em co=espond to individuals of the second, third and fourth age 
classes, 39.3% - i>1.8% - 12.8% in 1986 and 37.5% - 39.9% -12.2% in 1987 
respectively, according the estimated size-age key. In the table II, the 
average values of length (FL) at age classes are reported. 

Table II. Average fork length at age classes and standard deviation 
estimated. 

AGE CLASSES FL (em) st.deviation 

I i> 56.5 0. 8 
II 83 6!>. 5 2.5 
III 87 68.8 2.6 
IV 39 73.0 2.9 
v 5 77.0 1.5 
VI 1 79.0 

Taking into account the very limited number of the individuals in 
the sample, smaller than 60 em and bigger than 76 em, we do not consider 
the estimates of the length at age for the classes I, V and VI as 
representatives. It is obvious that a sample including more individuals 
of the extreme length classes should be studied. Furthermore results 
obtained by various authors using the same or different methods differ; 
so given the importance of a correct age estimation for the stock 
assessment, a validation of the used method must be performed. 

F 
R 

1986 

6201------------------------~ 
u 
E 
N c 10+-----1flll· 
y 

% 

1987 

61 05 6Q 63. ru 63 sr en en oo og oa 

Fig.1 FL (em) 
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V-Xs 
Age and Growth of Lepidopus caudatus on the Northwestern 

Mediterranean Sea 

B. MOLl" , A. LOMBARTE" and B. MORALES-NIN"" 

•institute de Ciencias del Mar, Pasao Nacional s/n, 08003 Barcelona (Espana) 
... lnstitut d'Estudis Avan9ats de les Illes Balears, Campus Universitario, Palma de Mal!orca (Espana) 

L.cauuatus 1s captured ott the Catalan coast by means of 
long-lines and tra~<.Jls. Its importance in the catches has arisen 
recently, making necessary to conduct biological studies of this 
species to allow sounded management polic1es. fl"1is is the first 
-study or the r·eiatlonship, age ana growth of the 
spec1es 1n the 

The t1s!1 were cL.Jl·lected rrom tra~-..~1 catches and from hook and 
llne captures made ort the Norttlwestern Coast tram 1988 
to 1989. The fish ~'>~et~e transpor·ted to labor·atory wher.e the 
total length, weight, and sex were deter-mined. 

The males wer·e mor·e abundant (52~16 %) than females (39.77 
";;),while 8.07 ''.of the flsh couldn't be sexed. The weight-length 
r·eJ.atlonship ("flg.l) obtained ·tr·om 533 was not 
signifficantly different for males and females showed a 
pos1tive allometry tor the length (b=3.21). 

A total of 492 otoliths were collected and after cleansing 
were stored dry in paper envelopes ~"'>~.l th a code number. These 
sagittal otoliths wer·e read whole, a black backcround and 
immersed 111 glycerol, -
otol1th was read twice by 
interpretations were accepted. The agreement be t~veen reader·s 
high reaching 86 ~G: of the interpretations. 

The annual nature of the rings present in the otoliths was 
determined thr·ough marginal increment analysis, 1.e. thl':: 
percentage of otoliths having opaque ·margins was plotted for each 
month sampled. The thinnes of the otolith margin made very 
difficult to ·assess the presence of the opaque ring 1n the edge, 
because only almost complete rings could be identiffied. However. 
it seems that the hyaline rings are far·med annually w1 th a peack 
in October. 

!~~ 
\10 

100 

90 

60 

50 

TOTAL L£NGfH (em) 

10 

of7~------------------------------~ 
-10 

-20 +---,-------,---,--......,----,----~---,~~--......,---1 

AGE (years) 

Once the annual nature ot the r1ngs was establised. tt1e lth 
January was used as arbitrary birth date to transform the 
coi ncldent otolith 1nto rela t1onships. 
Tile age-length matr1x obtained was to fit the von 
t3er·talanffy growth curve to ternales, and to all the 
population ( fig~2). The fisl"'l ranged from to 8 years of age 
correspondlng to the follow1ng mean lengths; 

age yr 

num. ex. 
length em 

The 
( K- 1 ) tor 

13 ;;3 105 111 1.33 7.3 19 
32. 81.3 101.8 128_8 146.8 1S:,.9 1oo 17o.:;: 

parameters obt3.ined showed a lo ..... Jer growth index 

L em K-l yr· to yr 

males+ females 198.2 0. 298 0.4561 
males 185.2 0.333 0. 3438 
remales 195.4 0. 297 0. 3174 

fhe oto11t.hs ot L c . .3tH}atUs til t:he Nnr·UlwP.:-st.r'"'rn r~ledJff!!"tanr~.)l\ 
showed r1ngs tll<J.t proved to br:= va.J.J.j 01 ct~;,~e det.errnJrwclOI"I. 
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V-X9 
Croissance de Mer/uccius merluccius · L. des lies Baleares par lecture 

de I'Age des Otolithes 

P. OLIVER , M. GAZA et A. MORILLAS 

Institute Espanol de Oceanogralia, Centro Oceanogralico de Baleares, Palma de Mallorca (Espana) 

l.MATERIEL ET METHODE. A partir de la lecture des otolithes de merlus 
deSileS Baleares, nous avons construit une serie de donnees de 
tailles totales retroca1culees sur chaque otolithe de 1838 merlus 
echantillonnes trimestriellement de mai 1980 a novembre 1986. on a 
realise le retroca1cul en utilisant la relation rayon de 1' otolithe -
tai11e du poison obtenue pour chaque annee et on a ajuste une droite 
de regression aux couples de valeurs correspondant aux otolithes 
echantillonnes. De cette fac;on nous avons obtenu une estimation de la 
taille moyenne correspondant a chague bande de croissance pour chague 
trimestre et a partir de ces tailles on a obtenu une taille moyenne 
pour les sept annees echantillonnes. Pour realiser la lecture des 
otolithes nous nous sonunes appuyes sur des criteres adoptes lors du 
Workshop tenu a Palma de Majorgue en avril 1989 (Oliver, P. et al., 
1989). A partir de ces tailles moyennes assignees a chaque halide de 
croissance nous avons estime 1es parametres de 1' equation de von 
Bertalanffy. Ainsi, a partir des lectures de 1' age correspondant a 
chague individu, on a construit des cles taille - age qui, appliquees 
aux distributions de frequences de tailles des debarquements, nous 
ont permis de ca1cu1er la tai11e moyenne annuelle des differentes 
classes d' age et une valeur moyenne pour la peri ode 1980-1986. 

BANDE L MOYENNE 

B1 8,6 
B2 17' 3 
B3 24,5 
B4 31' 6 
B5 36,0 
B6 38 '7 
B7 41,3 
B8 43,6 
B9 46,0 
B10 48,3 
Bll 51,0 
B12 53,5 
B13 56,2 
B14 57' 7 
B15 60,1 
B16 63,1 
Bl7 65,6 
Bl8 68, l 

ANNEES 

1980 11,0 
1981 11,0 
1982 11,0 
1983 11,0 
1984 11,0 
1985 12,2 
1986 

L MOYENNE 11,2 

PARAM. T8086 

Loo 78,4 
K 0,10 
to -o, 10 
r 0, 987 

PARAM. H8086 

Loo 50,8 
K 0,25 
to 0,28 
r 0, 998 

100 

.. 

0 -· Taoleat• 1 

II 

16,7 22,5 
15.4 22.4 
15.7 21,7 
17,1 2:.7 
16,9 21,7 
16,3 20,9 
16,4 21,2 

16,3 21' 9 

0 

1· TSANSB 1 
2- HSANSB

1 
3- T58086 

10 

III IV 

29' 4 34 '9 
29,1 35.3 
28,2 35' 2 
27.8 34.4 
29' 2 35,2 
29.6 34,4 
25,3 33,8 

28,4 34.7 

T58086 TSANSB1 

118,5 88,1 

ao 

v 

38.0 
38,5 
37.7 
37 '9 
39,1 
38,1 
38,1 

38,2 

0,08 0, 07 
-0,06 -2' 74 

PARAM. 

0, 999 0' 988 Loo 
K 
to Tableau 2.1 

r 
H58086 HSANSB1 

78,0 50,4 
0,14 0, 26 
0,16 -o, 66 

0, 999 0, 997 

Tableau 2.2 

Fig.l 

ao 40 AGE 00 

VI VII VIII IX+ 

40,8 44.4 4 7. 4 49' 0 
41,0 43.4 45.9 48.9 
40,8 43' 2 45.7 48.4 
41,3 43.7 45' 9 49,0 
41,0 43,0 45,1 48,4 
41,0 43,8 45.5 48.3 
40,6 43,2 45,2 48,8 

40,9 43,5 45,8 48,7 

Tableau 3 

F8086 F58086 FSANSB1 

78,0 117' 1 87,6 
0,10 0,08 0,07 

-0,66 -o, 03 -2,69 
0, 987 0' 999 0, 988 

Tableau 2.3 

2.RESULTATS. I,es tai11es moyennes obtenues par retroca1cu1 basees sur 
le539ffi0is echantillonnes sont presentees dans le tableau 1. Les 
estimations des parametres de VBGF obtenues pour les differentes 
hypotheses sont presentees dans le tableau 2 ( 8086 = total des sept 
annees, SANSB1 = en rejetant la premi~re band7! 58086 =. en 
considerant la bande 5 conune correspondant a la prem~ere maturite et 
M : males, F: femelles et T : total). Les courbes correspondant aux 
donnees precedentes sont presentees sur la figure 1. Les tailles 
moyennes obtenues a partir des cles taille - age sont inclues dans le 
tableau 3. 
3 .DISCUSSION. Une croissance differentielle entre males et feme11es 
est mise en evidence. L'hypothese TSANSBl, qui situe le premier hiver 
a une taille de 18,3 em, doit etre rejetee d' apres les resultats de 
1' analyse de la progression modale, mais ce point de vue devra etre 
confirme dans le future apres etude de la croissance journaliere et 
du recrutement. Les hypotheses T8086 et T58086 doivent etre retenues. 
Le sui vi de la croissance de 1' otolithe sur des echantillons mensuels 
n • a pas clarifie le probleme mais les estimations des paramet;:es de 
1 'equation de croissance dans chacun des cas sont parfa1. tement 
acceptables. De plus, 1e probleme est que l'on travaille sur des 
points correspondant a un segment 1irni te de la ::our be. de croissance: 
Les estimations des tailles moyennes obtenues a part~r de la cle 
taille-age correspondent aux estimations faites par retroca1cu1, 
etant donne qu'elles doivent etre referees a la date du 1 juillet. 
D'apres ces donnees on peut estimer qu'il n'existe pas de difference 
significative entre 1a croissance de Merluccius merluccius L. dans 
l'Atlantique et dans 1a Mer Mediterranee. 
4 . REFERENCES. 
OLIVER, P., ALVAREZ, F. and MORALES-NIN, B., 1989. ReJ?ort of the age
reading workshop on mediterranean hake and sard1ne. Palma de 
Mallorca, Espana, 10-15 April 1989. Inst.Esp.Oceanogr. (mimeo) :102pp. 
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V-XIO 

Croissance de Merluccius merluccius L. des lies Bah~ares par analyse 
de Ia progression modale 

P. OLIVER , A. MORILLAS at M. GAlA 

Institute Espanol de Ocaanografia. Centro Oceanografico de Baleares, Palma de Mallorca (Espana} 

l.MATERIEL ]IT METHODE. on assume qu' il est possible de suivre, 
moyennant des echantillons periodiques, les modes correspondant aux 
cohortes succesives creees par des pontes annuelles, limitees 
spatialement et temporellement. Les distributions de frequences de 
tailles correspondant a la capture debarquee par la flottille de 
chalutiers du port de Palma de Majorque, obtenues a partir 
d' echantillons mensuels realises de janvier 1980 jusqu' a decembre 
1986, ont ete analysees pour etudier la progression modale des 
distributions normales successives qui apparaissent quand on utilise 
la "methode de Bhattacharya". Ainsi, nous avons obtenu 84 series de 
modes que nous avons attribuees aux 12 cohortes differentes qui nous 
ont permis d' obtenir une estimation de la taille moyenne mensuelle 
jusqu'a un age de 6,5 ans. Avec ces estima'tions nous avons calcule 
les parametres de 1' equation de von Bertalanffy. 

2.RESULTATS. Les modes adoptes dans les successives distributions de 
frequences de tailles, presentes en ordre face a une echelle 
temporelle commune et referees a leurs annees respectives de ponte 
(P) et recrutement au chalut (R) sont presentees dans le tableau 1. 
La representation graphique des tailles moyennes, les estimations des 
parametres de la VBGF et la representation d'une serie de resultats 
obtenues pour la meme espece par differents auteurs sont presentees 
dans le tableau 2 et sur la figure 1. 

3. DISCUSSION. La progression modale demontre qu' il se produit un 
recrutement au chalut avec une maille de 40 mm entre les mois de 
fevrier et juillet, et que le mode de la distribution de frequences 
de tailles totale correspondante, se situe entre 12.5 et 16.0 em. 
L'apparition de ce recrutement, qui correspondrait a 1a c1asse I de 
la cohorte precedente de 1a ponte de 1' annee precedente, est 
constatee par la capture de merlus d' une taille moyenne de 9. 5 em 
dans les peches au chalut avec une maille de 24 mm, realisees pendant 
le mois de janvier 1977. Les estimations de Linf = 94.24 em et la 
valeur de K = 0. 086, valeurs similaires a celles otltenues 
anterieurement dans la meme region par Bruno et al. ( 1979), 
impliquent une croissance comparable a la majorite des valeurs 
determinees pour la Mediterranee ne sont pas tres differentes de la 
gamme de valeurs estimee pour l'espece dans !'Atlantique. Ce fait 
etabli t la possibili te qu·' il n' existe pas de differences 
significatives entre la croissance de Merluccius merluccius L. dans 
1 'Atlantique et dans la Mer Mediterranee. Il faut considerer aussi 
que la taille maximum des merlus enregistree dans le Golfe de Lion a 
demontre 1' existence d' individus de 87 em ou 90 em, ce qui nous fait 
supposer que des tailles similaires doivent exister dans nos iles et 
que !'estimation obtenue peut etre parfaitement valable. 

'"" .. 1t .. " . . 76 .. 77 .. 78 .. 79 .. 10 P. 81 .. ., .. ., .. .. .. :: L NOTIJfMI MOUI AHHIIS .. 75 .. 76 . . 11 .. 78 .. 79 .. 80 .. 11 .. ., .. 13 .. .. .. .. .. 
,. 1,11 16,0 16,0 

" 1,25 16,6 16,0 12,5 
13,8 

1!,0 
16 1,33 15,3 16,3 17,1 15,6 

15,7 17 
i::~ 

12,3 15,1 14,9 16,9 16,9 15,3 
18 14,2 16,4 115,7 14,7 16.0 15,6 
19 1,58 14,5 13,7 16,4 16,9 14,7 14,3 16,0 15,2 
20 1,61 15,0 14,2 17,1 17,5 15,1 15,8 

16,7 21 1,75 18,8 17,1 16,3 16,1 17,0 
22 1,83 18,4 16,6 16,2 16,6 15,8 17,2 16,8 
23 1,92 16,5 17,8 20,2 16,5 18,8 15,4 

17,7 
17,5 

2 " 2,00 16,5 17,8 18,1 19,3 18,7 16,1 17,8 
25 2,08 16,3 16,8 18,5 21,5 17,4 20,8 19,4 18,7 
26 2,17 18,7 16,8 22,5 21,6 18,6 19,7 19,3 19,6 
27 2,25 i::~ 17,0 23,0 22,0 i~:: 

18,3 18,2 19,7 
28 2,33 19,6 19,8 22,7 22,2 20,7 
29 2,U 23,1 19,9 22,2 22,5 24,6 21,7 22,.5 22,4 
30 2,50 22,7 21,9 22,5 23,1 22,5 19,1 22,2 22,0 
31 i:!~ 

Z1,6 23,7 22,5 20,3 i~:; 24,0 22,0 
32 23,0 21,5 24,2 23,5 21,2 22,2 22,5 
33 2,75 25,3 21,8 24,2 23,0 23,1 23,5 
34 2,83 24,3 24,0 21,5 22,2 20,5 24,6 23,9 23,0 
35 2,92 23,6 25,5 21,7 22,6 22,9 24,5 24.-t 

3 36 3,00 23,6 25,5 24,7 24,8 25,6 24,4 24,8 
37 3,08 2~ ,9 24,9 26.8 24,7 23,3 25,1 
38 3,17 25,2 25,9 26,2 25,1 26,5 26,9 ~::: 

25,7 
39 3,25 27,0 25,4 28,0 26,9 26,3 24,3 26,4 
40 3,33 25,7 28,5 25,4 29,8 27,1 27,3 
41 i::~ 

30,2 28,1 28,8 27,2 29,1 28,0 ;::: 21,3 ., 
:::: 

27,4 27,9 26,9 27,6 
43 3,58 27,9 !~:! 

30,1 29,4 29,5 28,7 .. 3,67 27,5 31,7 29,1 29,t .. 3,75 29,7 30,1 27,5 29,6 

H:~ 
31,5 29,5 

46 

t~~ 
28,7 30,8 31,0 

30,7 30,9 ~~:~ 47 28,9 31,0 31,0 29,4 
4 48 ;::: 31,0 28,9 31,0 31,0 30,2 .. t,08 ~:: i 32,3 33,0 31,8 

50 4,17 30,6 29,9 31,7 32,1 34,5 31.7 

" 4,25 32,7 31,8 32,2 32,9 32,4 

" 4,33 33,2 32,7 32,5 32,8 
53 4,42 35,5 33,6 34,5 .. 4,50 33,0 34,5 32,5 34,4 33,6 

" 4,58 35,2 34,5 35,1 33,8 34,7 
56 4,6'1 32,8 36,7 34,6 34,7 

" 4,75 34,5 34.9 36,7 35,5 36,5 34,8 35,5 
58 4,83 38,1 36,8 i!:~ 

36,6 

" :~~~ 
34,1 36,0 34,7 

' 60 34,1 36,5 35,3 
61 5,08 31,1 ;~: ~ 38,5 38,5 37,9 
62 5,11 37,0 37,7 37.1 37,0 
63 5,25 39,1 39,7 

" 5,42 38,9 38,2 i~:: 66 5,50 37,t 
67 5,58 39,5 39,5 
68 5,67 39,5 u.s 40,5 
69 5,75 40,2 :~:; 70 

!:~~ 
40,2 

' 
71 38,0 41,0 !::~ 12 38,0 

r~ 
73 

::~~ 
41,7 41.7 ,. 40,2 40,2 

78 6,50 42,2 42,2 
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V-X11 
Donnees preliminaires sur Ia composition chimique des Otolithes 

d'Anguilles (A. anguilla L. 1758) 

Raymonde LECOMTE-FINIGER 

Laboratoire de Biologie Marine, Universite de Perpignan (France) 

i,a conrposi tion chimique et la structure cristallographique 

des otolithes d'anguilles .)atmes A. anguilla ont ete anal:vsees a 
partir d'echantillo~ en provenance de milieux continentaux 

t ~TEmees Orientales), ains1 que de lagtmes c6tieres 

mediterraneennes du Golfe du Lion. Differentes methodes ont ete 

utilisees : 

- microscopie electronique et analytique a ba.layage 

- diffractometrie en rayons -X. 

Resultats 

Ils portent sur la composition chimique elementsire, 

!'organisation du reseau cristsllin et la repartition du calcium 

dans l'otolithe. La microanalyse des otolithes revele qu'ils sont 

constitues essentiellement de calcium !Cal mais aussi d'•Hements 

mineurs (Fe, Cul et d'elements traces INa, Si, Mg, Cll. La 

diffractometrie montre que la structure mineralogique reaeo.) 

correspond 8. des crist..atD.:: d'aragonite ; elle ne presente aucnne 

variabili te geographique ni saisonniere. Les variations spatio

temporelles de la quanti te de ca sont obtenues par balayage 

microdensitometrique, point par point, le long d'une droite 

traversant la surface poncee de l'otolithe par le nucleus. Cette 

quanti te est nettement plus faible dans le nucleus que dans les 

zones concentriques a celui-ci. De plus, les zones h}'alines sont 

plus fortement calcifiees que les zones opaques. 

DiS>:!ussion 

Les otoli thes d' anguilles sont peu differents des otoli thes 

des autres teleosteens puisque composes essentiellement de CaCC>, 

sous fonne d'aragonite. Notons que l'aragonite "biologique" est tm 

peu differente de l'aragonite ··minerale·· lies diffractogranmes 

presentent un decalage de 2 pies vers · des angles superieurs ) . 

Leur originali te reside dans 1' existence de variations du 

taux de Ce entre le nucleus et les zones ad.jacentes, traduisant 

disponi bi 1 i te Ce differente dans les milieux 

environnementaux rencontres au cours de leur cycle vital. En 

effet, la teneur en Ca en mer est plus faible que celle des eaux 

douces. Parallelement, la proportion de ca est plus faible 

Cd'environ 20 %} dans le nucleus que dans les zones ma.rginales. 

Une autre singulari te ·est la presence de fer. Deja signalee 

par Hanson et al i1984) dans le squelette, ce fer peut .iouer tm 

rOle de magneto-r€:cepteur, 1' a.nguille etant sensible aux 

variations du champ magnetique terrestre !Karlsson, 19851. Ces 

magneto-recepteurs guideraient done 1 'anguille argentee lors de 

sa migration transatlantique vers les Sargasses. 
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V-X12 
Age determination of Mediterranean Hake and Sardine : 

Recommendations of an International Workshop (Palma de Mallorca, 
Spain, 10-15 April 1989) 

B. MORALES-NIN" , P. OLIVER"" and F. ALVAREZ"" 

•Jnstitut d'Estudis Avan<;;ats Illes Balears, Palma de Ma\!orca (Espana) 
.. Institute Espanol de Oceanografia, Centro Oceanografico de Baleares, Palma de Mallorca (Espana) 

The age Reading Workshop on Mediterranean Hake (Merluccius 
merluccius) and sardine (Sardina pilchardus) was held at the Centro 
Oceanografico de Baleares del Institute Espafiol de Oceanografia on 
April 1989, sponsored by F.A.O. and with the participation of 
scientists of nine countries corresponding to west and east 
Mediterranean areas (Oliver, P. et al., 1989). The techniques used in 
the various laboratories, the relevant information on the species 
life cycles and other aspects of age determination were discussed. 
Practical otolith interpretation exercises were held and the 
interpretation criteria discussed. 
HAKE 
The main problem found in hake age determination is the attribution 
of the lst annual ring. The capture of big hakes up to 87 em length 
by long-lines and cast nets on Catalonia and Gulf of Lion and by 
trawling in Adriatic Sea rised the question of hake growth rates. The 
following hake otolith interpretation criteria were recommended: 
1-The nuclear otolith zone previous to the first annual ring may be 
characterized by 2-3 pelagic rings and a demersal ring. Sometimes 
fishes born in summer might not laid down these false rings in their 
otoliths. The 1st annual ring might correspond to the hyaline ring 
laid down after the demersal ring when it corresponds to a fish of 
12cm or more. this interpretation has to be supported by the length 
frequency distributions of the recruited fish and the spawning 
periods. 
2-Annual rings are laid down at regularly decreasing intervals, 
generally annual rings are laid down in fishes over 35 em length, 
while annual opaque zones and hyaline rings are laid down in younger 
fishes. 
3-True winter annuli are identified by their good definition around 
the otolith. The winter ring could consist of a single hyaline band 
or a series of 2-3 clustered ones. In the last case measurements 
should be taken to the outermost ring in the series. 
4-Hyaline rings are enumerated for age determination and are 
considered completely formed when the next opaque ring formation 
starts. 
S-Taking lst January as arbitrary birth date and winter as the period 
of hyaline ring formation, otoliths of fish caught between 1st july 
and 31st December with an hyaline ring in the edge are assigned to an 
age group by counting all the hyaline annulus except the last one. If 
the fishes are caught after 1st January all the hyaline annulus are 
counted. 
SARDINE 
The species behaviour and long spawning period and the fisheries 
characteristics highly conditioned the sardine available material. 
The sardine interpretation criteria were defined as follows: 
1-The birth date is 1st January. 
2-Each year an opaque and a hyaline ring are formed. 
3-Annual growth rings are laid down at regularly decreasing intervals 
as the fish becomes older. 
4-0toliths with opaque edge during the first semester or hyaline edge 
during the second semester, are considered to belong to the previous 
age group. 
RECOMMENDATIONS 
From the above mentioned discussions and otolith readings the 
following recommendations were elaborated: 
Mediterranean Hake 
-The use of thin otolith cross-sections for age-reading of hake 
bigger than 20 em in case than the annuli are not clear on whole 
otoliths. 
-In order to make possible direct comparison between the studies 
conducted in various geographic zones the use of the standard 
terminology and notation for otolith interpretation of Jensen ( 1965) 
was recommended. 
-To reduce the risk of errors of interpretations, the interpretation 
should be done independently following the same criteria by two 
persons trained · .. in otolith reading, or more than once by the same 
reader with a time interval between readings. The coincident 
interpretations should be used for preparing the age-length keys. 
-Due to the heterogeneity of data, and the necessity to clarify the 
1st annual ring formation, regular sampling, determination of the 
annual cycle of reproduction and determination of the length 
distribution of the commercial catches are necessary. When possible, 
recruitment surveys should be held. 
Mediterranean sardine 
-Otolith lecture should be done unfixed without mounting the 
otoliths with Eukitt. 
-Statistical procedures should be applied to study the errors on the 
estimations of growth parameters from the age-length key. 
-Studies on daily growth ring in the otoliths could be implement ted 
to verify growth during the first year of life. 
-In order to determine the precise spawning season ichthyoplacton 
surveys should be held. 
-An interchange program on otoliths should be started between 
different countries to discuss material facing another international 
meeting. 
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V-X13 
The Length-Weight Relationship and Condition Factor as Ageing 

Functions of Anchovy in the Middle Adriatic 

G. SINOVCIC 

Institute of Oceanography and Fisheries, P.O.Box 114, Split (Yugoslavia) 

This paper is an account of the length-weight relationship and cubic condition 

factor variations as an ageing function as well as the conversion factor relationship 

between total and standard length of the juvenile and adult anchovy. Engraulis 

encrasicolus (L.) population from the coastal waters of the Middle Adriatic. 

Anchovy specimens were randomly collected from commercial (purse-seining) 

pelagic catches during spawning season in Summer 1979. A total of 1J847 anchovy 

specimens were examined. Data on anchovy total and standard lengt~s are expressed in 

centimetres. The fishes were weighted to t~e nearest 0.01 g. Sex determination and 

state of gonads were by visual inspection. All of the adult anchovy specimens were at 

the most advanced state of maturity of gonads. The juvenile anchovy gonads were 

immature. The otoliths were used for aging the anchovy. 

The length (L) weight (W) relationship for each age class was described by the 

equation: W = a L b (LE CREN. 1951). The cubic condition factor per each age class 

was estimated using equation proposed by RILE (1936) : K ~ W·l02 •L - 3 • 

The relationship between total length (Lt) and standard length (Ls) can be 

described by the following equation : Lt ~ a + Lsb. 

The length-weight relationship 

The mathematical relationship between the length and weight from all available 

data of anchovy can be described by the equation: W ~ 0.018603 L2 • 5801• Negative 

allometry is established. This is in agreement with the data of SINOVCIC (1978) who 

noted the negative allometry of anchovy in the KaStela Bay in 1974. 

The length weight relationship of each sex and age class is graphically presen

ted in Fig.l. During the first and second years of life (0 and 1+) the growth of 

anchovy is isometric (b=3) or very nearly isometric (b=2.9). In the third (2+) and 

fourth (3+), negative allometry is established (b=2.61, b=2.40, respectively). 

The value of the length-weight coefficient decreased as the anchovy increased 

in age. 

The cubic condition factor varied between 0. 497 and 0. 653. The value of the 

cubic condition factor decreased in function of increased age of the anchovy with 

aberrance of 0 age class which show the lowest value of cubic condition factor. 

The cubic condition factor for males is larger then that of females probably because 

female anchovy might become more exhausted during spawning. 
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Relationship between total length and standard length 

Since many papers dealing with this fish species express the length measure

ments using total length (Lt) while other·s use standard length (Ls), a knowledge of 

the relationship between the two measurements is of practical value for comparative 

purposes~ The relationship between total and standard length for small (Lt <8.5 em), 

medium (Lt =8.6-13.0 em), and large (Lt>l3.1 em) anchovy can be described by the 

following equations respectively: 

L = - 0.4024 + 0.9021 L ; r 2 = 0.9988 

Ls ~- 0.5750 + 0.9019 Lt; r 2 = 0.9998 
s t 2 

Ls =- 0.8127 + 0.9164 Lt; r = 0.9998 

For all available data the equation is: 

Lt ~ 0.4179 + 1.1266 Ls 
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V-XI4 

Preliminary Biological Data of Silvery Pout (Gadiculus argenteus 
argenteus) in the Northern Euboean Gulf (Greece) 

Vassiliki VASSILOPOULOU 

National Centra for Marine Research, Hellinikon {Greece) 

INTRODUCTION 

Gadicul us argentet1s argenteus is a Gadidae species quite 
abundant in depths from 250 to 500m in Greek seas. Age and growth 
data of the species are not available. However, there are a few 
studies concerning ichthyoplankton <LANDINI & VAROLA, 198:; 
HALBEIS!'.N, 1983; !ZETA, 1985) and bathymetric distribution 
< MANCHL I NE & GORDON, 1984) . 

MATERIAL and METHODS 

Samples were collected seasonally between December 1986 and 
June 1987 in the northern Euboean Gulf. In each fish, total 
length and weight were recorded to the nearest respectively 
m!limetre and gramme. Determination of age was based on otolith 
reading. 

RESULTS 

Total lengths ranged from 3. 5 to 15cm and the main body of 
the stock was comprised between 8 and 11cro <Fig. 1a), 
corresponding to ages II and III <Fig. 1b). 

a 

1 e a 10 11 
Total length (em) 

b 

Ill 

Age (y,..) 

!1=256 

Figure 1. Length fi·equency polygons (a) and age composition (bJ 
of silvery pout caught in the northern Euboean Gulf from December 
1986 till June 1987. 

The relationship between otolith radius (S) and total length 
(TL) was: TL=-0.39+1.38:t:S <r=0.89), On the basis of this formula 
Table was calculated. The 49.8% of the maximal size of the 
silvery pout was attained during the first year of its life, 
while an abrupt reduction of growth rate occured during the 
second year and continued in a smoother way ove,r the next two 
years. The parameters of von Bertalanffy"'s equation were 
calculated according Ford-Walford's method, yielding L.~···=19. 72cm, 
k=O. 19 and to=-0. 94. 

Table 1. Back calculated total lengths of silvery pout ~ 
argenteus argenteus, in the northern Euboean Gulf < 1986-1987). 

Age 

IV 10 
I I I 92 
I I 133 
I 21 

Mean TL 

Mean Observed 
Length <TLJ 

12.56 
11. 00 
9. 27 
6. 82 

Mean annual increm. 
.. (%) 

Back calculated l.ength 
I I II I IV 

5. 60 
6. 00 
6. 02 
6. 06 

8. 39 
8. 45 
8. 41 

6.00 8.42 
6.00 2.42 

49.83 20.10 

256 235 

10. 44 
10.38 

10.39 
1. 97 

16.36 

102 

12. 04 

12. 04 
1.65 

13.70 

10 

The computation of the total length <TU - weight (\{) 
relationship, based on 317 individuals, gave: W=O. 0000336:t:TL:' 7

'' 

<r=O. 87>. The confidence interval of the exponent, being 
2. 73±0.17, had a statistically significant difference from the 
value 3 <P<O. 05) implying an allometric growth of the species. 
The condition factor, estimated for the total sample was 
K:::-1. 82±0 .. '36 (mean ± confidence int.erval, P:::-0. 05). 

The- 69% of th~ individuals caught in December were sexually 
mature; this proportion dropped to 21.9% in February and to 1. 2% 
in June. 
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V-X1s 

Notes about Schedqphi/us ova/is (Osteichthyes, Centrolophidae) in 
the Ligutian Sea 

Lidia ORSI REUNI , Bruno FIDA and Marco RELINI 

lstituto di Zoologia, Labdratori di Biologia Marina ed Ecologia Animale, Via Balbi 5, 16126 Genova (ltalia) 

Schedophilus oval is lives both in surface waters {juvenile phase associated with 

flotsam such as wreckage and jellyfish) and on slope bottoms in habitats which have 
not yet been defined. Many aspects of its biology remain obscure (Haedrich 1986), 

especially in the Mediterranean,. where it has for a long time been supposed that 

this species is rare (Tortonese 1975}: 

The recent development of a specific sport fishery in the Ligurian Sea has 
given us the opportunity to make some preliminary observations about reproduction 
and growth. Other information derives from the underwater observation of young 
specimens in offshore surface waters and from the capture of some specimens by 

epearfishing. 
A total of 31 fish, caught in the period July - March were examined; 29 of them 

were obtained by gear called "filaccioni", i.e. lines weighted at their ends, about 
600 m long, with some 30 hooks, baited with clupeids, attached to the distal 60 m~ 

Fishing took place on rocky bottoms about 30 miles from the coast. Fish were 
measured (total, standard and fork length), weighted and sexed by inspection of 
gonads. Gonads, sagittae, scales and gastric contents were preserved for further 

laboratory examinations. 

Underwater observations. While scuba diving in a range 0-40 m one of us 

(M.Relini) observed several young specimens of 25-45 em T.l., associated with an 
artificial structure, positionated about 35 miles offshore and moored on a bottom at 

1100 m. The substratum was inspected in different seasons; the smaller fishes were 

observed in March - June and the larger ones in September - December. They displayed 
no fear of the observer and showed variable colour patterns with a uniformly dark 
grey or silvery colour or with black blotches or black stripes on a silvery 
backround. Two of them were caught in order to verify the meristic characters~ on 
the basis of the Haedrich and Horn key (1972), they were definitely S~ ovalis, also 
when the colour pattern was like that of S. maculatus (Gunther}. In the killed 

specimens another kind of dark stripes appeared 1 which correspond to the zig-zag 
arrangement of the somites. 

Reproduction. Among the fishes obtained by lines, males were 7 in number, 

ranging from 60.5 to 84 em T.l. Females, 18 in number, ranged from 66 to 106 em 

T.l .• Six specimens, from 43 to 61 em T.l~ remain undetermined 
The examined materials include two females fished in August with almost mature 

ovaries. They weighed 11 and 13 kg (T.l. 93.5 and 103 em} and had a gonadosomatic 

index of 8.04 and 8.92. Two spent f recovering females were obtained in August and 
February: the first, 100 ern T. 1. , 13. 5 kg had a g. s. index of 1. 03; the second 106 

em T .1., 12 kg had 1. 29 of g. s ~. It is interesting to note that seven other females 

of the size range 72 - 86 ern T.l., fished in summer 1 had immature ovaries~ The 

minimum female reproductive size derived from the present material is therefore· 

close to 90 em T.l •. 
Fluent males were fished in July (1) and August (3): they were 75 - 84 em T.l, 

with a weight of 5.5- 6 kg and showed a g.i. of 1.13, 1.45, 0.36, 1.54. 

Food items~ Maul (1964) found in the intestine of s. ova.lis several indigested 
Pyrosoma sp. We can add to this frequent prey also the pteropod Cymbulia peroni (to 
8 in one stomach) and, in one case 1 the Euphausid shrimp Meganychtiphanes norvegica. 

Morphology of sagitta and growth. The sagitta of the young fish living in 
surface waters is chalky white, with regular minute bands which apparently are 
uninfluenced by the seasons~ The specimen fished on deep bottoms have an additional, 
almost hyaline contour, whose extension increases with the size of the fish. In the 
latter the tracks of periodic deposition are scarce and are difficult to interpret. 
The chalky area is therefore common to all fish and its maximum width corresponds to 
a growth of about 45 em T~l., which is the largest size of the fish living in 
surface waters and the smallest size found in fish caught by lines. The latter were 

fished from September onwards. 
Padoa (1956) reported a 44 mm long specimen caught in November 1914 at Messina. 

Maul (1964) observed a young 10 em long specimen double its size in two months (May 

- June} in captivity. considering our underwater observations in addition to these 

data, we suppose that growth to ~bout 45 em T~l. corresponds to the first year of 
life. The fish, born at the end of the summer would descend to its bathyal habitat 
the following autumn. supposing that the chalky white area of sagitta corresponds to 
about one year of life, the reading of the remaining part suggests that our large 

mature females are four years old. Applying the same assumptions, males resulted 

mature when three years old. 

Length - weight relationship. Using the Ricker method (1975) we have calculated 

the following fork length - weight relationship for both sexes: P(kg) = 0.00477 * 
l(cm)3.300l. 
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V-XII 
Regime alimentaire du Merlu (Merluccius merluccius, L., 1758) en 

Baie de Bou-lsma'il 

Introduction: 

A. BOUAZIZ• , F. DJABAU• et C. MAURIN"• 

·1.s.M.A.L., B.P. 90, Alger 1er Novembre, 16003 Alger (Algerie) 
••Professeur honoraire I.S.T.P.M. (France) 

Nous avons entrepris d' observer et d' analyser les contenus 
stomacaux de merlus de la region de baie de Bou-Isma'il, afin de 
connaitre son regime alimentaire et ses variations eventuelles en 
fonction de la taille des individus.de la profondeurs et des sa1sons. 

Materiel et Methodes 
De novembre 1987 a novembre 1988, 553 merlus peches au chalut 

de fond a deux face en baie de Bou-Isma'i l a des profondeurs comprises 
entre 50 et 400m environ ont ete examines et leurs estomacs conserves 
dans du formal a 5% . Les proies intactes ne presentant pas de diges
-tion sont el iminees. l es aut res sont ident ifiees. comptees et pesees. 
Pour !'analyse quantitative nous avons utilise l'indice de repletion 
(Rel et le coefficient de vacuite (Ve), alors que pour !'etude quali
-tative 1 'indice de frequence d' une proie F, le pourcentage en nombre 
(Cn) et 1 e nombre moyen de proies par estomac (Nm) ont ete empl ayes. 

Resul tats et discussion 
. L' indice de repletion chez les jeunes merlus de taille inferieu-

-re a 30 em atteint son maximum en automne ( Re ~ 5.63 ) et en hiver 
( Re = 4. 60 ) et diminue au printemps ( Re = 2. 73 ) et en ete 
( Re = 2. 73 ) . Les individus les plus ages presentent egalement une 
activite trophique importante pendant les periodes automnales et hiver
-nales ( Re = 3.50 ) . L'alimentation de merlus est surtout composees 
de poissons tel eosteens ( F=66. 99%, Cn=65. 55%, Nm=1. 01 ) et a degre 
moindre de crustaces na.tantia nectobenthiques ( F=43. 33%, Cn=32. 87%, 
Nm-0. 51 ) . Cet te dom~nance des poissons est constatee pour toutes 1 es 
saisons sauf au printemps, periode pendant laquelle, les crus
-taces occupent la premiere place dans le regime al imentaire 
( Nm poissons=0.56, Nm crustaces=0.74) . Cela montre que le merlu 
chasse plus pres du fond ( Nm crustaces eleve l qu'en pleine eau en 
peri ode printaniere. Ces resul tats divergent quelque peu de ceux obte
-nus par Sorbe ( 1972 ) dans le golfe de Gascogne, probablement parce 
que cet auteur n'a pas fait d'observations en automne et au printemps 
Les cepha lopodes dont no us ne retrouvons que des fragments ne repre
-sentent qu 'un pourcentage tres faible sur le plateau continental et 
relativement peu important sur le talus, le regime alimentaire est 
compose pour une bonne part et durant toute 1 'annee par des crevet tes 
natantia ( F=75%, Cn=64. 79% ) , alors que celle-ci sont mains represen
-tees dans la nourriture des merlus vivant sur le plateau continental 
( F=37. 94%, Cn=27. 69% ) . Ceci est dO a 1 'abondance de ces crustaces 
natantia sur le talus algerien ou ils constituent une source impor
-tante de nourriture pour 1 es merlus adultes que se tiennent a ce 
niveau. 

. :.·ensemblede nos observations nous permet de confirmer que le 
me•·lu chasse principalement la nuit et peut se deplacer en ·pleine 
eau jusque dans des eaux superficielles ( Maurin. 1'?55 ) . Er. effet. 
d 'une part le coefficient de vacui te ( Ve = 53_ :i 7 % le jour et 
Ve = 35.02 % la nui t ) et d 'autre part no us i'iVOr.s trcuve dans 1 es 
estomacs des adultes vivant au niveau d.u talus des poissons pelagi
-ques frequentant des eaux de surface comme 2J2l:lynwna sphyraena'. 

Cone! us ion: 
Merluccius merluccius en baie de Bc..u-Ismall est un predateur 

ichtyophage. relat ivement stenophage, chassant de preference la nui t 
aussi bien pres du fond qu' en pleine eau avec toutefo1s une preferen
-ce pour cette dernii'!re. 
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V-XI2 
Feeding of Dip/odus vulgaris (E. Goeffr., 1817) (Pisces Sparidae) in 

the Adriatic Sea 

I. JARDAS and A. PALLAORO 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

Introduction: 

Diplodus vulgaris is a very abundant fish species of Sparidae family in the 
Adriatic and Mediterranean Sea. They inhabit depth from 0-130 m, being more numerous 
down to 30 m, on marked-ly rocky bottoms, mixed rocky and sandy bottoms and rearly in 
laguns (Tortonese, 1975). Larger specimens occur in deeper waters while juveniles 
prefer closer shallow waters. 

According to the available data on feeding of !?...:._ vulgaris it is preferentially 

~~;:!~o~o~~o!~~:~ f~:~~n~n~~r~7ai9~~)~taceans, worms and molluscs (Ara, 1937; Col-

This paper deals with the quantitative and qualitative analysis of preadult 
and adult stages feeding habits, using the samples from the middle Adriatic, with 
special regard to selectivity, seasonal intensity and difference in diet between 
length groups. 

Material and methods: 

Guts of 103 specimens collected from April to November 1981-82 on 13 locali
ties of the middle Adriatic were examined. Depth of the sampling localities ranged 
from 2-40m. Total body length (Lt) of specimens varied from 13,9-33,4 em. Guts of 84 
specimens contained food, while 19 did not. 

The relative importance of different components of the diet was assessed using 
three feeding indices: index of relative importance (IRI), main food item (MFI) and 
feeding coefficient (Q). 

Results: 

Prematurity stage and ripe ~ vulgaris feed on a number of animal groups and 
species (Fig. 1) .. As to the global structure, importance and food coefficient, three 
species groups may be distinguished: Crustacea Decapoda (%IRI ~ 2430,9; %MFI = 31. 9; 
%Q = 516.68), Echinoidea (%IRI = 1965.7; %MFI = 23.0; %Q ~ 467.75) and Bivalvia 
(%IRI = 1284.3; %MFI 23.9; %Q = 273.75), which, at the same time, are preferred food 
(%Q ~ > 200)- Polychaeta, Gastropoda and Polyplacophora (%Q = 200-20) are food consti
tuents of secondary importance, and all other animal group (Spongia, Anthozoa, 
Nematoda, Bryozoa, Enteropneusta, Ascidiacea, Pisces) are accidental food (%Q = < 20). 

Food composition changes with fish growth (Fig. 1). Prematurity stage specimens 
(< 17 em Lt) prefer Echinoidea (%Q = 585) and Polychaeta (%Q = 189) and Crustacea 
(%Q = 111) as secondari food. At first maturity and immediately following the first 
maturity (17-25 em Lt) specimens prefer Echinoidea (%Q = 924) and Bivalvia (%Q = 571). 
Older specimens (> 25 em Lt) show preference for Crustacea Decapoda (%Q ~ 1612) ,while 
their secondary prey are predominantly Bivalvia (%Q = 102) and Echinoidea (%Q = 40). 

Seasonal aspect of feeding pattern show also changes in intensity: they feed 
most intensively at the end of spring anQ. beginning of summer, and least intensively 
during spawning period (second half of autumn in the Adriatic Sea) .. However, in all 
analysed seasons (spring, summer, autumn) Crustacea Decapoda and Bivalvia dominated in 
the food. 

As to the food composition Q.:.. vulgaris belong to carnivorous-omnivorous fish, 
the food of which is dominated by animal groups with firm body armour (Crustacea 
Decapoda, Bivalvia, Echinoidea) .. 

31G',4 

0,1 

17- 25 em lt n-•a >25cmlt n .. 34 

~ Echinoidea Gastropoda 

m Decapoda • Other Crustacea 

§j Btvalvia D Other prey 

m Polychaeta 9 Polyplacophora 

Total 

Fig. 1. Pray composition by size classes and total 
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V-XI3 
Sur Ia Nourriture des Jeunes Thons Rouges Thunnus thynnus (L. 1758) 

des Cotes du Golfe de Valence 

Antonio SANZ BRAU 

Departamento de Ecologia (Bioi. Marina), Facultat de Ciencies Biologiques, Universitat de Valencia, Burjasot 
(Espana) 

Le Thon rouge Thunnus ~ se reproduit aux mots de Juin et juillet dans !a 
Mediterranee (TORTONESE, 1975; COLLETTE, 1986). Les derniers jours de septembre, les 
jeunes Thons rouges sont abondants toutle long des cOtes du golfe de Valencia, ils atteignent alors 
environ 30 em. de longueur (RODRlGUEZ-RODA, 1969). Quoique captures en grand nombre, 
les donnees sur leur biologic, sur cette rote, sont peu nombreuses. Dans ce travail nous apportons 
!a premiere etude du regime alimentaire de cette espece pour !a region. 

Nous avons etudie 82 jeunes individus de Thon rouge, provenant de captures 
effectuees par des bateaux de peche industrielle a l'ham~on pendant les mois d'octobre et de 
novembre 1989. Ensuite, les jeunes Thons disparaissent des cotes du golfe de Valencia. Ces 
specimens ont ete mesures (longueur totale) et peses (poids total et eviscere). La taille moyenne de 
ees poissons etait de 34.2 ± 0.3 em. de longueur totale avec une longueur minimum de 28.0 em. et 
maximum de 41.5 em., correspondant aux poids evisceres de 663.0 ± 26.2 g., 319.2 g. et de 
1263.0 g. respectivement. 

Tab. I.- Degre de repletion stomacal des jeunes thons rouges 

REPLETION Poids contenu stomacal 
X 100 

Poids eviscere 

Vide 14 17.07 

Presque vide 0.1 - 1.0 10.97 

Presque plein 1.0 - 2.5 17 20.73 

Plein 2.5 - 5.0 24 29.76 

Tres plein +5.0 18 21.95 

Des 82 estomacs examines, 68 contenaient des aliments (Tableau I), 14 etaient 
vides, ce qui donne un coefficient de vacuite de 17.07 %. Le poids moyen des contenus stomacaux 
etait de 25.3 ± 2.4 g. avec un maximum de 97.8 g. (poids humides). 

Tab. II. Composition du regime alimentaire des jeunes de~-

PROIES 

MOLLUSQUES 

CEPHALOPODES 
!!.!g~ 
~~ 
Indetermines 

CRUST ACES 

COPEPODES 
Indetermines 

AMPHIPODES Hyperiidae 
~~ 
Phoronisidae 
Indetermines 

STOMATOPODES 
Larves Alima 

EUPHAUSIACES 
Inderermines 

DECAPODES 
~~ 
Inctetermines 
Larves de Decapodes 
Zoeade~~ 
Zoea de Anomura 
Megalopa de Anomura 
Megalopa de Brachyura 
Indetermines 

TELEOSTEENS 

Sm:!linil~ 
~~ 
~~ 
~sp. 
~rnllslr 
S1ll£m~ 
~~ 
~~ 
~~ 
~l1ll!£l!.!.i!M. 
~~ 
Lesueurigobius .!'!:kiD. 
~~ 
Gobidae 
Scorpaenidae 
Photichtyidae 
Paralepidae 
Anguiliformes 
lnderermines 

Nombrede 
Proies 

18 

6 
2 

10 

79 

1 
1 

11 

16 

35 

5 
2 

244 

80 
46 

3 
2 
9 
1 
1 
2 
1 
9 
1 
3 
1 
1 
7 

11 
1 
6 

59 

Indicede Indice 
Frequence(f) Num6rique(cn) 

14.70 5.27 

8.82 1.75 
1.47 0.58 
5.88 2.62 

14.70 23.16 

1.47 0.58 

1.47 0.29 
1.47 0.29 
4.41 3.22 

2.94 4.69 

2.94 10.26 

4.41 1.46 
2.94 0.58 

1.47 0.29 
1.47 0.29 
1.47 0.29 
1.47 0.29 
1.47 0.58 

98.52 71.55 

64.70 23.46 
41.17 13.48 
2.94 0.87 
2.94 0.58 
2.94 2.63 
1.47 0.29 
1.47 0.29 
1.47 0.58 
1.47 0.29 
1.47 2.63 
1.47 0.29 
1.47 0.87 
1.47 0.29 
1.47 0.29 
4.41 2.05 
1.47 3.22 
1.47 0.29 
1.47 1.75 

16.17 17.30 

Dans le tableau II, nous signalons la composition du regime alimentaire des jeunes 
Thons rouges. De !'analyse des con tenus stomacaux, nous concluons que la nourriture des jeunes 
Thunnus ~est constituee par les Teleosteens avec un indice de frequence (f) de presque 100 
%. Parmi ces Te1eosteens, SJmful.a ~ et fulmlili.s. encrasicholus sont 1es deux proies 
principales, avec le Cephalopode llJg ~- Quelques proies determinees dans les contenus 
stomacaux sont probablement des appats avales par ces poissons. 
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V-XIII 
The Nursery Function of Mediterranean Sand Bottoms for Gobiid Fish 

C.-Dieter ZANDER 

Zoologischas lnstitut, Zoologisches Museum, Martin-Luther-King-Piatz 3, Universitat, 2000 Hamburg 13 
(F.R.G.) 

1 ne alm of this study was to demonstrate the importance of sand bottoms in the 
Mediteranean Sea as nurseries for typical benthic fish like gobies. Two of the chosen 
habitats were fine sand bottoms which lay in 12 m (C-2) and 15 m depth (C-3) at the 
Ile Grosse close to the Laboratoire Arago, Banyuls-sur-Mer (France). A coarse sand 
bottom in Peyrefite near Banyuls lying in a depth of 7 m was included in these studies. 

The youngs of the gobies (Teleostei, Gobiidae) Gobius geniporus VAL. and Pomato
schistus bathi MILLER prevailed in these bottoms in summer 1987. Densities of the go
bies were measured during SCUBA dives with means of a measuring rope by counting seve
ral areas of 0. 25 m2

• 

Densities of young gobies were changing in habitat C-3 and were c. 20 in regard 
to G. geniporus and c. 12 toP. bathi m-2 (Fig. 1 ). Even 27 G. geniporus and 31 P. ba
thi existed in habitat C-2 whereas in Peyrefite only 3 individuals of every species 
per square-meter were counted (Fig. 1). These results differ from former investigat
ions (ZANDER & HAGEMANN 1990) in the C-2 and Peyref ite habitats and may depend on the 
respective seasons. 

15. 20. 25. 
~ 

Augus.t Sept. 

8. 

~ Fig. 1, Density counts (N m-') 
of two goby species in 
three habitats off Banyuls 
-sur-Mer/F ranee. Vertical 
lines = standard deviation, 
B = Pomatoschistus bat hi, 
G ~ Gobi us geniporus. 

G B G B 

Samples of fish we1e fixed in 4 % formalin and were treated for analyses of tro
phic relationships as was described by ZANDER ( 1982). The fullness index (the relation 
of ingested biomass of food to fish biomass) was compared in larger and smaller (less 
than 25 mm total length) G. geniporus as well as in P. bathi (Fig. 2). These values 
were similar at two dates in habitat C-3 with very high values of small G. geniporus, 
whereas the values of gobies from Peyrefite were lower (Fig. 2). 

riJ 
G B 

8.9. 

Fig. 2. Fullness index (VTF %) of three goby 
species or stages, respectively, from two 
habitats off Banyuls-sur-Mer/France. The C-3 
habitat was studied in two dates. B ~ P. ba
thi, G ~ larger G. geniporus, G1 ~ smaller !i.:_ 
geniporus (less than 25 mm total length). 

Fig. 3. Food spectra (% abun
dance) of three goby species 
or stages, respectively, 
from two habitats off Ban
yuls-sur-Mer/France. The C-3 
habitat was studied in two 
dates. Symbols above columns 
mean 8 ~ P. bathi, G ~ larger 
G. geniporus, G1 ~ smaller G. 
geniporus (less than 25 mm -
total length). Symbols within 
columns: A ~ Anisopoda, 8 ~ 

other benthos, Br ~ Branchia
stoma, C ~ Corophiidae, 0 ~ 

Decapoda, G ~ Gammaridae, H 
~ Harpacticoidea, P ~ Poly
chaetes, S ~ Plankton/Supra
benthos. 

The abundance of components was used for the analysis of food spectra (Fig. 3). 
Harpacticoids were the most important food of all gobies and prevailed in smaller G, 
geniporus and P. bat hi. Larger G. geniporus completed their diets with several macro
fauna organisms as diverse crustaceans, polychaetes or Branchiostoma (Fig. 3). These 
results are in accordance with former investigations (ZANDER 1982, ZANDER & BERG 
1984, ZANDER & HAGEMANN 1990). 

The supply of potentially available food organisms was richest in the C-2 habi
tat where also the fish biomass was highest (Table), obviously due to high densities 
(Fig. 1). In contrast, the Peyrefite habitat presented lowest fish biomass though the 
food supply was higher than in the C-3 habitat (Table). In other seasons and years 
the fish biomass was found to be lower in the C-2 and Peyrefite habitats (ZANDER & 
HAGEMANN 1990). Ingestion rates were highest in the September sample of the C-3 habi
tat, but lowest in Peyrefite (Table). 

Table. Ecological data of three sand bottoms off Banyuls-sur-Mer/France. 

Habitats 

Biomass supply ( mg OW m- 2
) excl. molluscs 566.9 1303.4 2265.3 2183.2 

Mean weights (mg OW) G. genioorus 28.2 36.1 193.8 
P. bathi 8.1 8.3 12.1 

Fish biomass (mg OW m- 2
) G. geniE;:DTUS 550.6 656.7 761.4 581.4 

P. bathi 105.9 83.1 251.1 37.7 
~ 666.5 739.8 1014.5 619.1 

Ingestion (mg OW m-') ~ VTF x fish biomass 
G. geniporus 13.6 19.6 7.0 
P. bathi 2.9 1 .8 0. 7 
~ 16.5 21.4 7. 7 

Therefore, high productivities of sand bottoms provide high densities of young 
fish. When they are growing up the relation of supplied biomass to fish biomass in
creases, but predators reduce densities and lesser feeding effectivity cause decreas
es of fullness indices. 
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V-XII2 
Adaptation of Red Sea Fish to the Eastern Mediterranean Environment 

D. GOLAN! and A. BARANES 

Interuniversity Institute of Eilat and Department of Zoology, Hebrew University of Jerusalem (Israel) 

The influx of Red Sea biota into the Mediterranean Sea via the Suez Canal 
(often termed Lessepsian migration) has fascinated scientists since the end of 
the last century. Until the last twenty years the study of Lessepsian fish was 
limited to monitoring and inventory. In order to reach a better understanding 
of the mechanism of the colonizers' adaptation to their new habitat, it was 
essential to conduct comparative research of the biology and morphology of the 
source population in the Red Sea and the colonizing population in the Mediter
ranean. The accumulation of such studies in the last two decades has enabled 
us to detect certain trends of Lessepsian fish adaptation. 

In the present study we will summarize those characters in which recent 
research has revealed differences between the source and colonizing populations. 

Feeding habits. Although, as expected, most colonizers retained their basic feed
ing habits, some differences were found that indicate adjustments of the colon
izers to their new environment. The Mediterranean population of the two her
bivore rabbitfish Siganus rivulatus and S. luridus show higher trophic selectivity 
than the source population in the Red Sea (Lundberg, 1980). Since selectivity 
generally increases with increased trophic abundance, it may be suggested that 
an "unsaturated niche" existed in the new habitat. A similar interpretation 
may be drawn from the case of the brownband goatfish Upeneus pori (known 
until recently as U. asymmetricus (Ben-Tuvia and Golani, 1989) who was found to 
prey upon larger-sized organisms in the Mediterranean. 

Spawning season: Colonization of the Mediterranean resulted in temporal 
changes in the reproductive season of some species. In general those species, 
such as Upeneus pori (Golani, 1988), Siganus rivulatus and S. luridus (Popper, 
1979), that live originally in shallower water and are therefore more prone to 
temperature fluctuation, retain their spawning season in the less stable en
vironment of the Mediterranean. Those species inhabiting slightly deeper wa
ter (e.g., Sargocentron rubrum (Golani and Ben-Tuvia, 1985) and Upeneus 
moluccensis) shorten their reproductive period due to unsuitably cold tempera
tures prevailing in their new habitat throughout most of the year. 

Morphomeristics: Comparison of the colonizers and the source populations re
vealed that in certain species, the counts of some morphomeristic elements 
have changed in the new environment. The most pronounced changes are the 
decrease in the number of lateral line scales and vertebrae in Sargocentron 
rubrum (Golani, 1987) and number of anal fin rays in Pempheris vanicolensis. It 
has been suggested that this reduction resulted from the higher temperatures 
prevailing in the Mediterranean than in the Red Sea during the respective 
spawning seasons of these species. Since the number of meristic elements are 
correlated to locomotory performance in various viscosities, which change with 
temperature, it can be postulated that alteration of meristic elements increases 
the adaptivity of the colonizer to its new environment. 
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X-11 
Fluxes Across Continental Margins : Comparison of the SEEP and 

ECOMARGE Experiments 

Pierre BISCAYE' and Andre MONACO .. 

'Lamont-Doherty Geological Observatory of Columbia University, Palisades New York 10964 (U.S.A.} 
.. Laboratoire de Sedimentologie at Geochimie Marines, Universite de Perpignan, 66025 Perpignan (France} 

The first comprehensive, multi-disciplinary, multi-institutional experiments to address 
the problem of fluxes across the marine boundaries of conti.nental margins hav~ been the . 
SEEP program in the USA and the ECOMARGE program m France, both havmg begun m 
the early 1980s and continuing to the present. Major aspects of the first stages of both 
experiments have been published in dedicated volumes of Continental Shelf Research in. both 
of which introductory papers give overviews and, to some degree, syntheses of the proJects 
(Walsh et al., 1988; Monaco et al., 1990). SEEP (Shelf-Edge Exchange Processes) has been 
funded primarily by the US Dept. of Energy, and ECOMARGE (ECOsystemes de MARGEs 
continentales) by INSU of the French CNRS. 

The scientific objectives of the two programs are very similar, as are some of the 
hypotheses on which the two experiments are based, as well as numerous aspects of the 
physical characteristics of the study areas yielding, therefore, some sirnilaritie~ i? . 
experimental design. Several other aspects of the study areas, however, are d1ssirmlar, 
yielding differences in experimental strategy, and therefore in the results of the two 
experiments. . . . . 

Both experiments have been sited on arcuate portions of contmental margm on which 
the width of the continental shelf decreases in the downstream direction of the general 
advective drift of both shelf and slope waters (Figs. I & 2); exchange of water and suspended 
particulate matter (SPM) by "diffusive" processes across the shelf/slope break is relatively 
less than by advective transport toward and across the break at the downstream end of the 
system; "diffusive" exchange is related to meteorologic· forcing with both seasonal and 
shorter-term components, and is strongly "event" driven. 

Other aspects of the study areas and experiments differ strongly from each other. In 
the Middle Atlantic Bight of the SEEP experiment: there is a significant tidal dynamic 
component; riverine influx of SPM is low to possibly negative; primary pr~ductivity i~ 
reltively high; there is little storage of fine particles on the shelf; and the adJacent conunental 
slope is incised by occasional submarine canyons. In the Gulf of Lions ECOMARGE 
experiment: there is no tidal mixing; riverine input of SPM is significant although seasonally 
variable; primary productivity is comparitively low; there are significant depositis of fine
grained sediments on the shelf; and more than 50% of the adjacent continental slope is incised 
by submarine canyons. . 

The effects of these and other similarities and differences on hypotheses, on 
experimental design and results, and conclusions will be analyzed as quantitatively as possible. 
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X-12 
Vertical Fluxes and Food Web Interactions 

Rolf PEINERT 

I.A.E.A .. International Laboratory of Marine Radioactivity, 19, Av. des Castellans, MC 98000 (Monaco} 

Although pelagic systems are potentially capable of retaining 
and recycling all autochtonous organic material. losses due to sinking 
particles inevitably do occur. The upper limit for the annual pelagic 
export in terms of essential biogenic elements is set by the availabili
ty of new nutrients and hence controlled by physical transport. The time 
pattern. composition and origin of settling particles. however. is under 
biological control by pelagic food web interactions. Sediment trap 
deployments revealed significant spatial and temporal variations of 
vertical fluxes that reflect imbalances of pelagic particle formation 
and degradation. Seasonal pat terns. often consisting of flux maxima 
during spring and reduced losses thereafter during summer are the best 
documented ones. In the concept of new and regenerated production the 
spring vertical flux maximum is commonly regarded as characteristic for 
temperate to polar latitudes. Trap deployments have since shown. howe
ver. that seasonal patterns may substantially deviate from this paradigm 
and considerable interannua 1 variations have come to light as well. This 
holds true in particular for different types of settling particles 
(various types of faeces. aggregates of varying origin. different orga
nisms). 

The presentation highlights the impact· of selected planktonic 
orqanisms and their seasonal food web interactions on pelagic sedimenta
tion. It concludes that further differentiations beyond the categories 
of new and regenerated product ion are needed for understanding observed 
vertical flux patterns. Herbivores with different feeding and life cycle 
strategies (including copepods. euphausiids, salps. pteropods) are 
grouped according to their role of either accelerating losses or coun
terworking sedimentation. The possible roles of copepods and pteropods 
are discussed in particular. 

Based on sediment trap and water column data from the northern 
Northeast At !antic. copepod grazing is proposed as a general retaining 
mechanism for suspended matter. For the spring period it is concluded 
that the timing between the onset of phytoplankton growth and cope pod 
grazing controls the vertical flux. The coastal (fjords) and shelf 
systems (Norwegian Coastal Current. Barents Sea) as well as the marginal 
ice zones are characterized by spring blooms prior to the onset of 
intense copepod grazing. Thus. they have in common a spring sedimentati
on maximum of autotrophic origin that is triggered by the exhaustion of 
winter accumulated new nutrients. In the Norwegian Atlantic Current, 
however. that houses large overwintering copepod populations, a closer 
coupling of spring autotrophs and copepods is typical. The retention 
efficiency for essential elements in the pelagic food web therefore is 
more efficient and seems to be related to copepod population dynamics 
(with coprorhexy and coprophagy as important processes). 

In the Norwegian Atlantic Current the seasonal vertical flux 
maximum accordingly is shifted towards late summer/autumn and consists 
of matter with heterotrophic origin. Omnivorous pteropods play a major 
role during this period and their abundance is highest after copepod 
hibernation has commenced. Their abandoned feeding webs and discharged 
pseudofaeces of pteropods scavenge sma 11 er part i c 1 es into aggregates. 
Discarded pteropod webs provide microhabitats and serve as transport 
vehicles accelerating the vertical export of particles. Their shells. in 
addition. contribute significantly to the carbonate flux during autumn 
in the Norwegian Sea. Little is known about the factors triggering 
pteropod mass sedimentation in autumn. be it may be starvation or old 
age mortality. The impact of the succession from copepods to pteropods 
as important grazers on the pelagic food web and on sedimentation can as 
yet only be speculated upon. 

Other plankters such as salps and euphausi ids can entirely 
dominate the vertical flux regionally and temporarily due to their 
rapidly sinking faeces. Kri 11 faeces dominate trap collections . during 
summer on the Norwegian Shelf and have been found of paramount importan
ce in antarctic waters. Being rapidly exported from the layers of pro
duction. however. they are commonly not collected by deep moored traps, 
indicative of their easy fragmentation and. hence, deceleration. Salps, 
notoriously unpredictable in appearance and being patchily distributed, 
could contribute significantly to the interannual vertical flux variabi
lity at a given place. 

Knowledge_ of the propagation, seasonal appearance anO. regula
tory mechanisms of. the biomass of all these plankters. as well as their 
specific functions in the pelagic food web. is of paramount importance: 
in understanding the biological control of vertical fluxes in the 
oceans. 
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X-13 
Seasonal Changes in Mass Flux and Fecal Pellet Sedimentation at 

Monaco 

J.-l. TEYSSIE , J.-C. MIQUEL and C.-V. NOLAN 

lA E. A., International Laboratory of Marine Radioactivity, 19, Av. des Castellans, MC 98000 (Monaco, 

Since January 19S9 a sediment trap (0.125 m2 aperture) nas been deployed 3 nautical 

miles off Monaco at SO m depth (120 m above the bottom). Mass and fecal pellet 

fluxes have been measured weekly and variations in the pellet composition determined 

(Fig 1) . High mass fluxes are associated with rainfall and high wind speed from SE 

and NW rather than with phyto- and zooplankton abundance (meteorological data 
kindly provided by "Semaphore de Ferrat"; plankton data provided by M. Boisson, 

CSM Monaco). The highest pellet fluxes, both in number and in mass, occurred in 

november-december where they accounted for a maximum of 51% of the total mass 

flux. At this time salp pellets (2-4 mm) dominantly contributed to the high mass flux 

of pellets whereas ovoid pellets (200-400 J.Uil) were by far the most abundant by 

number. The latter presumably have been produced by amphipods since their exuviae 

were collected in the trap in great numbers as well during that time (Fig lb). 

Cylindrical pellets of various sizes, as produced by cope pods and euphausiids, were 

more consistently present throughout the year though they also showed a fall-winter 

maximum. Despite the relatively few samples obtained during the spring 

phytoplankton and zooplankton blooms it seems that few fecal pellets were in fact 
sinking out of the water column at those times. This surprisingly low contribution of 

the pellets to the vertical mass flux at the time of maximum zooplankton abundance 
supports the hypothesis that coprophagy and coprorhexy (Lampitt ~. 1990) 

indeed may play an important role in preventing losses from the pelagic zone. The 

possibility that the abundance of sinking pellets in winter is due to a fall-winter 
zooplankton bloom not previously recorded and/or to a resuspension of settled 

particles during stormy weather is being investigated. 
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Figure 1. Vertical fluxes at a depth of SOm 3 NM south of Monaco during 19S9. (a) 

Mass flux (excluding swimmers). The contribution of fecal pellets (solid areas) to 
total mass flux (open histograms) is estimated by the product of abundance of each 

pellet type and their respective mean dry weight. No data are available for those 

periods indicated by shading. (b) Flux of various types of fecal pellets (numbers) 

and of exuvia~. . Pellet types were determined by microscopy and are tentatively 
clas.sed as cylindr:tcal ( copepods and euphausiids) , tabular and spherical ( salps) , 

ovoJd I (cope pods and amphipods) and ovoid II (cope pods and amphipods) . 

~: 

Lampitt, RS, Noji, T & von Bodungen, B (1990), What happens to zooplankton faecal 

pellets? Implications for material flux. Mar.Biol. 104, 15-23. 

X-14 
Vertical Fluxes of Particulate Material in a Frontal Zone off Corsica 

J.-C. MIOUEL, S.-W. FOWLER and J. LA ROSA 

l.A.E.A., International Laboratory of Marine Radioactivity, 19, Av. des Castellans, MC 98000 (Monaco) 

As part of the DYFAMED programme in the Ligurean Sea, cylindrical 

sediment traps (PPS3, Technicap) were moored 15 nautical miles off Calvi Corsica 

at SO, 200 and 1000 m depth in 2100 m of water from June to November '19S7. Th~ 
mooring site was situated in the Liguro-Provencal front which is persistent 

throughout summer and fall. At that time of year maximum chlorophyll a 

concentrations (ranging from 0.3 to 0.4 J.Lg Chl!! l- 1
) are found at so-so m depth ~ 

June and 30 to 60 m depth in October (Hecq et al., 19S6). 

Mass flux integrated for 10 day collection periods and carbon and nitrogen 

composition were determined in the trap samples. In the upper 200 m, total mass flux 

was higher during June-July, exceeding 200 mg m-2 d-1
, and thereafter decreased 

to approximately 20-50 mg m- 2 d-1 (Fig.1A). At 1000 m, the flux was generally 

lower than in the euphotic zone although it was relatively high (about 100 

mg m-" d- 1
) at the beginning of the experiment. The pattern of carbon and nitrogen 

flux with depth closely followed that of mass flux except during the first period in 

which the increase in mass flux at 200 m was not associated with a concomitant 
increase in carbon and nitrogen fluxes. 

Figure 1. Sediment trap observations at 3 depths, 15 NM off Calvi, Corsica.{A) 

vertical flux of particulate material for 10 day periods (a:22 June-2 July, b:2-12 

July, c:12-22 July, d:22 July-1 August, e:1-11 August, f:ll-21 August, g:ll-

21 September, h:21 September-1 October, i:1-11 October, j:ll-21 October, k:21-31 

October, 1:31 October-10 November). (B) carbon and nitrogen composition in \ dry 
weight of particles. 
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The carbon (total and organic) and nitrogen content of the particles was 
not correlated with total mass flux (Fig .1B) ; increases in mass flux were associated 

with either increases or decreases of C and N content. Mean values for total and 
organic carbon and nitrogen were consistently lower at 1000 m, although this 

relationship was not statistically significant. In the upper 200 m particles were 

normally less enriched in carbon and nitrogen at SO m. Most of the carbon in the 

particles was of biological origin; the organic fraction accounted for an average of 
S4% of the total carbon at SO m, S2% at 200 m, and decreased to 78% at 1000 m. 

Organic C/N weight ratios also .show a continuous trend, increasing from an average 

of 6.2 at 80 m, 6.4 at 200 m, to 7.9 at 1000 m. This observation suggests that fresh 

biological material produced close to the surface degrades during its descent through 

the water column. 

The higher flux of particles with lower carbon-nitrogen content noted 

during the period 22 June-2 July appeared to be due to a particle input associated 

with strong winds, exceeding 70 km h-1
, that were present for several days before 

the sampling started. On the other hand, the fluctuations in mass flux observed 

thereafter are most likely related to biological activity in the upper layers of the 

water column. 

~: 

Hecq, JH, Bouquegneau, JM, Djenidi, S, Frankignoulle, M, Goffart, A and Licot, M 

( ~986) · Some aspects of the Liguro-Provencal frontal ecohydrodynamics. !!! : 
Nihoul, JCJ (ed.), Marine Interfaces Ecohydrodynamics, Elsevier Oceanography 
Series 42, 257-271. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). Rapp. Comm. int. Mer Medit., 32, 1 (1990). 
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X-Is 
Phenols et Sucres Marqueurs des Flux Sedimentaires sur Ia Marge 

Nord-Occidentale Medit~rraneenne (Golfe du Lion) 

F. GADEL' , C. GERMAIN" , B. CHARRIERE'' el L. SERVE'' 

'Laboratoire de Sedimentologie et Geochimie Marines, Universite de Perpignan (France) 
''Laboratoire de Biologie Vegetale, Universite de Perpignan (France) 

INTRODUCTION. 
En d011aine IIUirin, la matiere organique peut porter l'eapreinte de sa double 

origine, terrestre et marine <DEGEiS et KOPPER, 19'16). Par ailleurs, la sensibilite de 
certains cOlllpoe;es organiques aux processus biogeochilliques est telle que, par leur nature, 
Us peuvent apporter des informations precises sur les conditions de llilieu. 

Deux types de COllposl!s organiques ont ete selectionnes : les phenols qui, 
constitu.ants majeurs de l.a lignine des vegetawc superieurs, sont de bans indicateurs des 
apports terrestres <POCKLDIGTOII et J(cGJUiGOR, 19'13), -~ si certains peuvent avoir une 
arigine aarine <HEDGES et al., 1988); les sucres qui, bien que provenant pour partie du 
C011.plexe ligno-cellulosique te.rrestre, constituent de bans marqueurs des apports :aarins 
<ITTEKKOT et al., 1984). S'ils peuvent perdre rapidellent les inforaations sur leur origine, 
ils enregistrent mieux les effets des conditions de llilieu. 

A l'aide d' exemples choisis dans les zones epicontinentales (RhOne et Tet) 
et bathyales <canyon Lacaze-Duthiers) du Golfe du Lion, le fonctionneaent de ces systelles 
.aa.rins eat pr~ise par l'l1nalyl::ie qualitative et quantitative de cas deux cl.asaaa de 
compoe;es organiques. 

l!ETHODES D'ETUDE. 
L 'analyse des phenols a ete effectuee par chromatographie liquide haute 

perforJIIance apres attaque nitrobenzene-soude <CHA.RRIBRB et al., 1986>, aethode adaptee a 
de faibles quantites de materiel correspondent A une charge resultant de la filtration de 
1 11 3 litres d'eau. 

L'analyse des sucres a ete realises en appliquant une methode nouvelle de 
chroJIIatographie liquide haute performance avec detection par aapero.etrie pulsee aise au 
point aux Etats-llnis par Claire GERXADI <XOPPBR et al., ~988; GBRJI.AII, 1989). 

RESULTATS. 
Les coaposes phenoliques representatifs du ~~ateriel terrestre saulignent 

dans leur distribution et leur nature, la variabilite dis apports et 1A diversite dis 
conditions de milieu. 

• Sur le delta du Rhone et sur la zone prodeltaique de 1.a TAt liDS forte 
accentuation des teneurs en phenols est enregistr6e en pl!riode de crue, associ6e a llll8 

plus forte incidence des apports terrestres dans les eaux du large. 
La distribution et la composition des phenols confirllent bien l'e%1stence 

d'un systeme aulticouche plus ou ·liOins individualise au cours de l'an116e. Les eau>< de 
surface sont generaleaent enrichies en acides-phenols1 1es couches profondes, liOills 
oxygenees, en aldehydes. 

Issus de la degradation de la aatiere organique depos6e dans le lit du 
fleuve, les aldehydes phenoliques sont, lors des crues, entrai~ vers le large et, 
associes au cOlllplexe organa-mineral, rejoignent alors le nephelolde benthique. .l ce 
niveau, les teneurs en phenols rapportees A 1.a ~~atiere organique sont plus 6lev6es qu'en 
surface, traduisant un plus fort degre d 'evolution. 

En pl!riode d'etiage dans la zone delta1que, les phenols, quoique liOins 
abondants dans les suspensions, sont toutefois bien representee vers le large <phenols de 
la serie hydroxy-benzoyl> oti ils seJiblent issus du IIAteriel phytopl.anCtonique. 

Au ni veau des d~p3 ts un certain enrichisseaent en plumole de la aerie 
gaiacyl, plus resistants, se Jllanifeste COllparativemen1; aux suspensions plus riches en. 
phenols de la serie syringyl, COJIIIe l'ont liOntre HBDGBS et al. <1988). 

En dOJIIaine bathyal, une certaine richesse en phenols peut a 1.a fois traduira 
une origine phytoplanctonique (tannins des algues), avec souvent une grande var:l6t6 de 
composes dans la zone euphotique, ou une origine pb.anerogaaique ~briG da Poaidanies -
PIOVBTTI et al., 1984). Ce dernier apport, jusqu'A pr&oent sous-estiJI6e, confirM 
l'illlportance des transferts advectifs plateau-pente dans certains aecteurs du Golfe du 
Lion. 

• Xalgre une certaine hOlllogeneite de COlllposition, les sucres dans le 
IIUlteriel en suspension presentent des differences suivant leur origins et leur aptitude a 
la degradation. A ce titre, ils rendent compte de la variabilite des apports et dis 
conditions de milieu. 

En dODaine deltaique, des analogies se llanifestent entre 1.a TAt en pl!riode 
de crue et le Rhone dans son regime normal. Cette analogie se traduit par 1A predoainance 
de !'arabinose, du galactose et du mannose, representatifs des apports terrestres; Par 
ailleurs, dans le delta du RhOne, l'absence de fructose pourra1t indiquer un caractere plus 
evolue de 1a matiere organique. 

Dans les zones epicontinentales, la distribution et 1.a nature dis sucres 
presentent une certaine variabilite saisonniere. En juill, un faible rapport 
arabinose/fucose rend cOlllpte d 'un blOOll siliceux <Diatrnaees), au aois d 'aoiit, la richesse 
en arabinose temoigne au contraire d'un blOOll carbonate <Coccolitlles>. L'abondance dans 
les couches de fond du ribose, compose fragile traduit un transport rapide A partir de 1A 
surface. Durant l'automne, les forts apports en debris vegetaW< terrestres lors dis crues 
rendent compte de la rich~ relative en arabinose et en :aannitol. 

Dans le dOJIIaine bathyal, une baisse des flux de sucres se liAnifeste par 
rapport aux zones delta1ques. En pl!riode printaniere, un· blOOll phytopl.anctonique de 
diatomees aaB:ne un a.ccroissement des sucres dans le Jaatm'iel en auspensicm, a taus les 
niveaux de la colonne d'eau. En pl!riode estivale, l'abondance des pelotes fecales dans la 
zone euphotique se traduit par une certaine richesse en ribose et en sucres aai~. A 50 
et 100 m, la COllposition voisine en sucres te.oigne d'un transport vertical actif, aais 
!'existence de la theraocline en septembre reduit ces echanges verticaux. Les differences 
observees en automne entre les couches A 300 et 600 • rendent coapte d'apports 
i:mpulsionnels later.aux. 

CONCLUSIONS. 
L 'utilisation. de ces deux types de COllpoe;es organiques COlllle aarqueurs 

biogeochimiques sur la marge mediterraneenne nord-occidentale aontre leurs caracteres 
complementaires comae sources d 'inforaations sur l'origine et les conditions de ailieu. 
Les phenols, compoe;es relativement stables du fait d'une certaine todcite vis-A-vis de 
l'activite bacterienne, permettent de mettre en evidence les flux d 'origine terrestre. 
Les sucres, molecules plus fragiles et biosensibles, peuvent enregistrer les effets dis 
conditions de milieu et, bien que pouvant perdre rapidellent leurs caracteres originels, 
rendre compte de la variabili te saisonniere des apports :aarins. 
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X-16 
Utilisation de photoproduits du phytol dans les etudes de transfert 

surface-sediments phytenals Z et E 

Patrick J.·P. GIRAL 

Observatoire des Sciences de I'Univers-Cantre d'Oceanologie de Marseille-URA 41-Faculte des Sciences de 
Luminy, route leon lachamp, 13299 Case 901·F. Marseille (France) 

Aux moyens mis en oeuvre afin d"Studier les transferts de 
matiere entre la surface at les s9diments. nous pouvons 
aujourd•hu~ ajouter l "utilisation da certains photoproduits du 
phytol E <tetramethyl-3,7,11,15-hexadectme-2-ol-lJ. Cette 
mollftcule peut l'ltre liee a de multiples composes (cires, 
tocopherols, ... ) detectes dans le milieu, at constitue !a 
chatne laterale des chlorophylles a et b. Liberee par 
hydrolyse acide ou par !'action de Ia chlorophyl1a5e, aile est 
rapidemant photo-oxyd9e, pour conduira a divers composes 
isopreno1des, cetones, al canes et a 1 dehydes CRontani et 
Giusti, 1968>. Ces derniers, las phytena1s z et E 
< t~tram~thy l-3, 7, 11, 15-hexadectma l-2>, sont i nstab 1 es dans 
l'eau et vent pouvoir IHre utilises dans les mesures de 
vitesse de sedimentation moyenne des particules. Leur 
quantification est fai.te en chromatographie en phase gaz:euse, 
at leur identification formelle en comparant leurs spectres de 
masse contra ceux de temoins synthetises. Cette methode a ate 
appl iqu~e a divers echanti lIons provenant de Medi terranes 
Occidentale <Rontani et a1, 1990>. 

Les phytena Is Z et E sont produi ts dans 1 a couche 
euphotique par photo-oxydation du · phytol E. La presence de 
I' isomers Z, qui ne peut .:ltre produit biologiquement, en est 
Ia preuve. Apres adsorption sur du materiel sestonique ou 
absorption, les phytenals vont sedimenter et evoluer au cours 
du temps, subissant des reactions d'oxydation at de 
retroaldolisation. La premiere reaction est d6pendante de la 
quanti t6 d' oxygllne di ssous at conduit a l a formation des 
acides isoprenoides Z at E, communement appe las acides 
phytenique~ < tetramethy I -3,7 ,11, 14-hexadeceno'ique-2 z et EJ. 
Si ces ac1des peuvent .:ltre produi ts I ors du metabo I i sme du 
phytol, Ia presence de l'isomere Z atteste una origine 
photochimique. La retroaldolisation conduit a 1a formation de 
phytona <trimethyl-6,10,14-pentadecanone-2) ·par reaction des 
phyt6nal s avec I' eau, at a I ieu m.:lme en absence tot a !a 
d'oxyee.ne. Si c~s trois produits d'evolution des phytenals ont 
lflte ma>ntes fo1s trouves dans las sediments <Brooks et a! 
1978) • les phytena Is sent par centre rarement detects~ 
<Rowland, 1982). Des analyses effectueas sur du matlftrie.l 
particulaire an suivant deux protocoles differents nous ant 

::r::: :;9~f:ecter a chaque fois las phytenals Z at E <Rontani 

Les utilisation& de cas aldehydes sont multiples du fait 
de leur instabilit6 dans l'eau at de l'ubiquite du phytol qui 
leur donne naissance. Leur presence dans las sediments permet 
de d6finir un materiel 'frais', a haute valeur nutritive, et 
de rapides transferts entre Ia surface et las sediments. Nous 
proposons done d' utili ser ces photoprodui ts dans I • estimation 
des vitesses de sedimentation de Ia matiere organique en 
d6tarminant les quantitllls CCz:l. Cz:2, Cz:il de phytenals aux 
profondeurs <z:1, z:2, z:i) par analyse de materiel particulaire. 
Connaissant leur temps de demi-vie <Tel a !a temperature e, on 
peut estimer Ia temps de transit (St> entre chaque niveau. Les 
phyt6nal s subissent simul tanement un apport en provenance du 
haut et una evolution dans Ia trappe. Cas consid6rations nous 
condui sent aux expressions sui vantes: 

St= <Log CCz:l> -Log (Cz:2J) •Te/Log C2J 
lim (Cz:J=lim <Ci•I:C1/2n))=Ci•lim <I:<1/2n»=Ci•2, done Ci=Cz:/2 

n->+• n->+• n->+• 
n = temps d' echanti ll onnage exprime en per iodes <Te>. 
vra/d=Log (2J • <z2-z1 >I (<Log <Czl >-Log <Cz2J) •Tel 

Les echantillons de materiel particulaire preleves a !'aide de 
trappe& a sllldiment du 7 au 25 Avri 1 1987 dans 1 e canyon du 
RhOne C45050'N, 4048'EJ au cours d'une campagne ECOMARGE 
<6chant1llons codes a!B5 at al05) a 600 et 900 mlltres de 
profondeur at a una temperature de 130C ant eta analyses et 
conduisent aux estimations suivantes: 

Quantites de phytenals: 5,1 ppb a 600 m; 3,0 ppb a 900 m. 
Flux de phyt8nals: 2,58 ppb/periode a 600 m; 1,52 ppb/periode 
a 900 m, au une periods dure 4 jours. 
Temps d'8chantillonnage:4,5 periods& <16 jours). 
Temps de transit entre 600 et 900 m9tres:0,77 periode soit 3 
jours. 

Vitesse de sedimentation des particuJes; 100 metres par jour. 
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X-17 
Recent Advances and Future Directions in concurrent Time Series 

Observations of Physical, Optical, Biological and Geochemical 
Processes 

T.·D. DICKEY" and I. TAUPIER·LETAGE"" 

·ocean Physics Group, Department of Geological Sciences, University of Southern California, Los Angeles, 
CA90089-0740 (U.S.A.) 

••centra d'Oceanologie de Marseille, BP 330, 83507 La Seyna-sur-Mer (France) 

New ideas concerning the sampling of the upper ocean ecosystem, on both spa
tial and temporal ecalee, have been driven in part by general concerns about the 
well being of the ocean environment and ita role in climate change, particularly ae 
influenced by anthropogenic activities. Remote sensing using satellite color image
ry hae been eucceesfully applied to estimate regional near surface pigment concen
trations, and, to some extent, primary productivity. Recently, advances_ in tempo
ral sampling have been made ae moored multi-disciplinary measurement eyeteme have 
enabled the upper ocean ecosystem to be studied at time scales comparable to those 
previously limited to physical oceanographers (Dickey,1988). In fact, the present 
state of technology enables moored phyeical-biological-optical-geochemical measure
menta to be done every few minutes for periods up to 6 months. Thie is equivalent 
to a temporal resolution of :::1/20,000th that possible using bi-weekly shipboard sam
pling. 
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As an example, during the Biowatt study in the Sargasso Sea (34N 70W), concur
rent multi-disciplinary data were collected from moored instruments every 4 minu
tes during 3 consecutive deployments periods from February 28 through November 23, 
1987 (Dickey et al.,1990a-b). These data seta were obtained from multi-variable moo
red systems (1:1VMS, Fig.) by collaborative groupe led by Tom Dickey of University of 
Southern California and John Marra of Lamont-Doherty Geological Observatory. The 
HVI1S instrument packages, located at 8 depths (10m through 160m), were used to mea
sure horizontal currents, temperature, photosynthetically available radiation (PAR), 
beam attenuation coefficient, chlorophyll fluorescence, and dissolved oxygen. Diel 
variability wae observed in the spectra of these variables throughout the euphotic 
layer, and a large (though short-lived: :::2 days) springtime bloom event was evi
dent in the beam attenuation and chlorophyll fluorescence time aeries. The bloom 
event wae aleo evident in the concurrent bio-optical data (e.g. spectral diffuse at
tenuation coefficient) obtained from bio-optical moored eyateme (BOMS; Booth and 
Smith,1988; Smith et a1.,1990). This springtime bloom coincided with a shoaling of 
the mixed layer depth from greater than :::160m to :::30m within about 2 daye. It ie ap
parent that the high degree of variability associated with proceeeee euch ae diel 
particle production and transient blooms and their cessations cannot be observed 
using coarse (and highly aliaeed) temporal sampling (e.g. bi-weekly). 

It is important to note that many of the observations described here (e.g. PAR, 
fluorescence, beam attenuation coefficient and dissolved oxygen) can be used to ge
nerate time aeries of biomass and/or primary productivity , eyetem respiration and 
biological oxygen demand, carbon fluxes, and water turbidity (Kiefer and Mitchell, 
1983; Brewer et al.,1986; Kmereon,l987; Dickey,1988; Siegel et al.,1989; Dickey et 
al.,l990a-b). Concurrent temperature and current data are essential to determine re
latione between physical conditione ( e.lif. stratification, mixing time scales, advec
tion and transport, etc ... ) and biological and geochemical proceeeea. 

Although our ability to sample the marine ecosystem has improved greatly, the
re remain several obvious high temporal resolution measurements which we would li
ke to include in future eyeteme. Among these are dissolved carbon dioxide and plant 
nutrients (nitrate, nitrite, silicate, and phosphate). Presently, it is poeeible to 
determine oxygen fluxes acrose the air-sea interface using mooring meteorological 
data and near surface dissolved oxygen concentration measurements. In addition, moo
red acoustical measurements are attractive. It is now possible to obtain relative
ly high vertical resolution acoustical measurements of currents and zooplankton dis
tributions. Coupled with remote sensing satellite imageries and ehipborne sampling, 
long-term high resolution multi-disciplinary monitoring using moored instruments al
lows a correct description of both open ocean and coastal areas, and can be ueed 
for model prediction of environmental changes. 

Such a strategy is planned to be used in the Western Mediterranean in 1992-93, 
moat probably in the Algerian Basin. Indeed, the instability of the Algerian Cur
rent generates mesoscale phenomena such ae upwellings and eddies (Millot,1990). A 
multi-platform sampling approach which includes multi-disciplinary time aeries mea
surements from moorings can be used to obtain information on relationships between 
dynamical, biological, and geochemical phenomena, and to give a first aeeeaement of 
the biogenic fluxes in this region. 

Dickey T.. 1988. Recent advances and future directions in multi-disciplinary 
in situ oceanographic measurements systems. In 'fmrerd a Theory on Blologlqel and 
Phvelqal Interact lone in the World Ocean B.J .Rothschild (ed. ), Kluwer Academic, 
Dortrecht, The Netherlands, 555-598. 
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1990a. Time series observations of bio-optical properties in the upper layer of the 
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Siegel D.A., Dickey T.D., Washburn L., Hmailton li.IL, lfitchell B. G., 1989. Op
tical determination of particulate abundance and production variations in the oligo
trophic ocean. Deep Sea Res. 36(2):211-222. 
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X-18 
Analyse d'Hydrocarbures Aliphatiques et Aromatiques Polycycliques 

dans les sediments marins profonds des Marges Continentales 
Atlantique et Mediterraneenne (Programme ECOMARGE) 

E. PARLANTI, P. GARRIGUES atM. EWALD 

Laboratoire de Photophysiqua at Photochimie Moleculaire, UA 348 CNRS, Universite de Bordeaux I, 33405 
T alanca (France) 

INTRODUCTION 

Les hydrocarbures sont universellem~nt repandus dans l'env~ron_~ement (~tmosphere, 
lithosphere, hydrosphere et biosphere). Notre etude concerne plu_s parttcuhererl'!ent I analyse des 
Hydrocarbures Satun'Js (n-alcanes) e,t c;Jes Hydrocarbures Aromatt~ues Polycychques, (HAP). Ces 
derniers sont princ1palement constderes comme des polluants. d t?r~g!ne anthr_opogemque JNeff 
1979). Toutefois, s:ils sont en g~nde parti~ proc;J~tts par I acttv_t!e tndust~telle, ces me'::es 
composes peuvent etre issus d'L!ne evolution dl~g~nettgue de Ia mat1ere orgamque dans _le mt!t~u 
sedimentaire. 11 apparait done tmportant de differencter les sources ,des HA\ pour 1dentifter 
l'origine et les modes de transport et de transformation de ces ?O!Tiposes ~ansI envtro!ln_ement. 
L'analyse complementaire des n-alcanes nous, permet de dtsttnguer ongtnes btogen~que et 
petrogenique de Ia matiere organtque dans les sedtments (Colombo eta/., 1989). Cette_ etude a 
ete realisee sur 60 echantillons de sediment provenant des marges atlantique et 
mediterraneenne. 

PARTIE EXPERIMENT ALE 

Les sediments ant ete preleves a !'aide des carottier~ Usnel et Flus~a. Les 
echantillonages ant ete realises au niveau de C§ln_yons sous-,ma!tns (tete de canyon ,et eventatls 
sous-marins) pour chacune des marges. Les sedtr:nents, g~les a bard, sont conserves conge_les 
jusqu'a leur lyophilisation au. laborato1re. L'extratt organtque to~l . est o~tenu par extractton 
Soxhlet au dichloromethane puis purifie sur micro-colonne de Flonstl (Garngues 1!1 al.,_ 1987). 
Une premiere etape de chromatographie liquide sur phase normale permet Ia separ~tt?n des 
hydrocarbures satures et des differentes families d'HAP (Garrigues eta/., 1988). Les differentes 
fractions sont collectees et analysees par chromatographie en p~ase gazeuse sur co~onne 
capillaire ( chromatographes s;arlo Erba, FRACTOV ~P :4160. et, Shrmadzu,. GC-14A, equ1ppes 
d'injecteurs splitless et de detecteurs. FID, et couple~ a un !ntegrateur Shtmadzu CR4A); Les 
composes sont identifies par comparatson avec un melange etalon contenant les composes de 
reference et quantifies par calibration avec un etalon interne. 

RESULTATS 

Les teneurs totales en HAP obtenues pour ces echantillons sont de l'ordre de plusieurs 
centaines de ngjg de sediment sec; (Parlanti et al._, 1989). Ce resu~tat peut,parJ~itre et~nnant 
pour des echantillons non c6tiers. Ces concentrations ssmt t?utefots pll!s eleve_es en tete de 
canyon que pour les sediments les P!U~ p~ofon?s. Le methylene ~:5-phen~nthrene (c~mpose 
typique d'une origine pyrolytique) a ete detecte en fatbles quantites au ntveau des tetes de 
canyon, y suggerant une contaminati~n de type pyro_IY!ique. II n·~s~ pas present dans _les 
sediments des eventails sous-marins ou par contre le Retene (caractensttque de Ia combustion· 
de bois de coniferes (Ramdahl 1983)) a ete observe. Nous sommes done certai_nemen_t en 
presence d'une matiere organigue d'ori~]ine continentale apportee avant l'ere 1ndustnelle. 
L'analyse des homologues al_kyles du phen~nth~ene a co:rrirme l'~volution diagenetique ~es 
sediments les plus profonds a1ns1 que Ia contnbutton pyrolytrque en tetes de canyon (Parlanti et 

a/., 
198~~us avons effectue sur !'ensemble de nos resultats une etude statistique 

multidimensionnelle (a l'aide des logi!=i!JIS _s-r:A!·ITCF et STATGRAPHICS). Ainsi I'J~nalyse en 
composantes principales (ACP) a ete reahsee. sur plusteurs f!latnces con~ituee~ de 6~ 
observations (echantillons) et d'un no:nbr~ de vanables allant, d_e 5_a 20. Ces vanab!es etant ~it 
des teneurs, soit des rapports caractensttques, les ACP ant ete faites s~r les don_nees centrees 
reduites afin de se liberer du problema des unites. Ces analyses factonelles multiples nous ont 
permis de confirmer ou de mettre en evidence de nouvelles informations. 
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11 appara It par exemple sur Ia figure precedents que Ia 16re ACP, realises pour le 
Dibenzothiophene (DBT) et ses quatre homologues alkyles, individualise le 

6 
13 

methyldibenzothiophene (1MDBT), sl!gg~rant une origins differente de ce comp?~e: La 2, m 
ACP presentee met en opposition le Perylene (PL) et le 1MDBT,- Le PL ~tant caractensbque _dune 
origine terriQene (Colombo et al., 1989), ce resultat conforte I hypothese que nous avanctons, 
Iars de precedents travaux, sur l'origine marine du 1MDBT. . . 

Les variables choisies pour I'ACP illustree, s_~r Ia ftgure. sutvante, sont des rapp~ 
calcules pour Ia familia des alcanes normaux et specif1ques de d1verses sources de Ia matiere 
organique da~s le~ s~diments. On peut noter ici l'oppositton par !'axe, 1 entre les rappo"!s.C~I12-
22 (origine petrogen1que) d'une part, et CPI21-31 et nC1~fnC29 d autre pa~ (caractensttques 
respectivement d'une origine terrigene et d'une source manna). Ces deux .d~rnters rappo~ sont 
d'ailleurs eux-meme opposes par l'axe 2. L'axe 1 semble done separer ongtnes petrogen1que et 
biogenique alors que I' axe 2 sembleraft differencier les sources marine et ,terrig~ne .. Si I' on 
s'interesse maintenant a Ia distribution par rapport a ces r:nemesaxes, de n_os echa~tillons, nous 
constatons que pour les sediments de Ia m~rge a!lanbque 1§1 preqomtnance d une sourc:e 
petrogenique est a souligner alors que pour les echantillons medtterraneens les caracteres mann 
et surtout terrigene semblent prevaloir. 
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~~~~~~~: J. C., PELLETIER E., BROCHU C., KHALIL M. - 1989 - Environmental Science & 
Technology, ,2;L p 888-894. 
GARRIGUES P., SOCLO H.H., MARNIESSE M-P., EWALD M. - 1987 - International Journal of 
Environmental Analytical Chemistry, 2.11, p 121-131. 
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London: Applied Science Publishers. 
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X-19 
Flux de matiere organique et reponse geochimique et biologique a 
!'interface sedimentaire sur Ia Marge de Mediterranee Occidentale 

R. BUSCAIL' at L GUIDI .. 

'Laboratoire de Sedimentologie at Geochimie Marines, Universite de Perpignan (France) 
.. CEROV, Station Zoologique, 06230 Villefranche-sur-Mer (France) 

L'etude des flux de matiere organique et de leur bilan a !'interface sedimentaire doit etre associee a cella du 
compartiment biologique benthique. 

FLUX DE MATiERE ORGANIQUE PRES DU FOND 
Sur Ia pente de Mediterranee occidentale, un gradient croissant d'Est en Ouest s'observe au niveau des flux 

deC org mesures pres du fond dans Ia zone des 1000m. lis sent 6 lois plus eleves dans Ia canyon Lacaze
Duthiers que dans Ia canyon du Grand Rhone, avec respectivement 90 mgtm2/j at 16 mg/m2/j en moyenne sur 
un an. Sur l'interfluve entre las canyons du Grand RhOne at du Petit Rhone, le flux de C org (9,6 mgtm2/j) est 
1,7 fois plus Iaibie que dans l'axe du canyon du Grand RhOne. Dans ce canyon, Ia valeur obtenue pres du fond, 
correspond a une decroissance exponentielle du flux de Ia surface vers le fond (profil de type oceanique) alors 
que dans le canyon Lacaze-Duthiers, on assiste a un accroissement des flux pres du fond du a un apport 
lateral important (Monoco et al., 1990). 

A l'entr6e du systems, Ia marge rhodanienne est de type oceanique. alors que Ia marge pyreneo-catalane, a 
Ia sortie, est de type continental. 

Dans Ia Golfe du Lion, Ia circulation generate liguro-prove~le induit Ia transfer! Est-Ouest du materiel 
mineral et organique issu des apports produits sur le plateau continental ou remanies sur le haul de Ia pente. A 
l'extremite SW, dans le canyon Lacaze-Duthiers, Ia materiel en suspension sa trouve concentre. 

Las variations saisonnieres des flux de matiere organique ont une repercussion sur le comportement des 
organismes benthiques. Dans les canyons ces variations se traduisent notamment par des flux importants, au 
printemps. Dans le canyon Lacaze-Duthiers, ils sont de 200 mg de carbone et 16 mg d'azote/m2/j, soit 
respectivement 40 lois et 20 lois plus t\leves qu'en t\tt\, p&riode de flux minimum. Sur Ia marge rhodanienne les 
flux mesures a proximitt\ du fond sont 30 a 40 lois plus forts en avril qu'en automne. 

La qualite des apports montre d'importantes variations au niveau de leur caractere labile ou rt\fractaire. En 
ate, Ia matiere organique qui alimente le fond a environ 1000 m sur Ia pente, est fortement degradt\e (moins de 
25% de composes labiles). II semblerait qu'au cours de cette periode, !'alimentation se fasse par reprise de 
materiel deja depose sur le plateau ou sur le haul de Ia pente. Par contra, en hiver et au printemps, Ia caractere 
labile resulte de raugmentation de Ia proportion d'acides amines. Si en decembre les fortes proportions d'acide 
aspartique (ASP) refletent Ia presence d'organismes calcaires issus d'un bloom de coccolithophorides, au 
printemps une forte augmentation de Ia proportion de glycine (GL Y) caracterise Ia preservation des membranes 
cellulaires de diatomees at le rapport ASP/GL Y < 1 indique un transfer! rapide de materiel frais. 

Rl!iPONSE Gl!iOCHIIIIQUE DE L1NTERFACE Sl!iDIIIENTAIRE 
Sur Ia pente du Golfe du Lion, las taux de C org dans les sediments superficiels augmentent sur toute Ia 

zone comprise entre 200 et 1500 m. Cette partie de Ia marge est entaillee de nombreux canyons. Les plus 
forta taux deC org sont observes dans les vases accumulees dans les axes et sur les versants (0,6 a 0,9%). 
Les d4¢ts situes sur les interfluves entre deux canyons son! par contra appauvris en C org (0,5%). Un 
gradient dllcroissant du taux de C org dans les sediments superficiels est observe d'est en ouest dans Ia zone 
des 1000 m, a rinverse du gradient croissant des flux de C org (Buscall et al.,1990). 

A rinterface eau-sediment, il est possible de noter una reponse aux variations saisonnieres des apports. 
Depuis r6te, etjusqu'au printemps, le taux dec org augmente progressivement de 7,7 a 8,7 mg/g de sediment 
dans le canyon Lacaze-Duthiers. En parallels, Ia caractere labile du materiel organique augmente, com me le 
montre Ia variation du rapport C/N, eleva en ate (C/N-12,9), Iaibie au printemps (C/N-4,4). Au printemps, Ia 
caractilre azote et labile est exprim't\ par un taux global de C org hydrolysable qui double, principalement a 
cause de Ia teneur en acides amines 5 fois plus forte. 

Le bilan du C org a !'interface sedimentaire a ate effectue dans le canyon Lacaze-Duthiers. II etablit que 40 a 
54% du C org atteignant rinterface s'accumulent alors que 46 a 60% sont consommes par les organismes 
benthiques. Deux types d'evaluation du taux de sedimentation (14c et 21 Opb) sont a l'origine de cas valeurs 
extr6mes. 

Rl!iPONSE DU COIIPARlliiENT BENTHIQUE 
Du point de vue de Ia biologie benthique, Ia fonctionnement de Ia marge du Golfe du Lion a ate aborde par 

retude d'organismes susceptibles de rt\pondre rapidement aux perturbations de l'environnement. II s'agit de Ia 
meiofaune form6e de metazoaires de taille inferieure au mm comprenant des groupes zoologiques varies 
representes par de nombreuses especes a developpement relativement rapide (semaine, mois). Les apports 
organiques a l"lntarface eau-sediment peuvent constituer des sources trophiques que cas organismes vont 
utiliser, transformer pour sa d&velopper at accroitre leur densite at leur biomasse (De Bovee at al., 1990). 

L'existence de relations entre les apports organiques at les r9ponses benthiques a ate dans un premier 
temps etudi!M en mesurant las concentrations de pigments chlorophylliens (specifiques d'apports en 
provenance de Ia zone euphotique) a Ia lois dans Ia colonne d'eau at a !'interface eau-sediment parallelement 
aux densites en meiofaune. 

Ainsi, dans le canyon Lacaze-Duthiers on mesure des flux advectifs rapides comportant des proportions 
importantes de matiilre organique en provenance du plateau continental. A Ia fin de l'hiver, environ 35% du 
carbone organique transport6 A 600 m de fond se trouve sous Ia forme d'algues unicellulaires intactes (Ia 
chlorophylle-a repr9sente alors 80% du ftux total de pigments chlorophylliens). A !'interface eau-sediment, on 
enregistre durant cette p9riode une augmentation notable de Ia concentration en pigments chlorophylliens qui 
sont rapidement degrades, en m6me temps qu'un accroissement des densites en organismes de Ia meiofaune. 

A rllchelle du Golla du Uon entre 600 at 2300 m, entre deux saisons (ate at automne) il est possible de 
mesurer un phenomena similaire. Durant l't\te. a des apports faibles ou nuts correspondent des densites en 
organismes de Ia mt\iofaune basses qui sa trouvent multipliees par 2 en automne au moment ou las apports en 
matiilre organique s'accroissent, queUe que soil Ia profondeur considert\e. 

La repartition spatiale des densitt\s en organismes semble se calquer sur cella des apports. II existe im 
gradient decroissant trils net avec l't\loignement de Ia elite (at !'augmentation de Ia profondeur) : entre 600 at 
2300 m les densites variant d'un facteur 10-15. Ce gradient bathymetrique sa superpose a un gradient Est
Ouest (Ia partie occidentale du Golfe etant plus riche d'un facteur 2-3) en liaison avec Ia circulation generate qui 
influence Ia repartition des apports. 

L'etude fine des processus sa deroulant a !'interface eau-sediment est en cours d't\tude griice a !'utilisation 
du submersible CYANA. Des carottiers a incubation permettant d'effectuer des experiences in sitJJ ont ate 
specialement mis au point et sont utilises de fat;on saisonniere afin d'aboutir a un bilan biologique et 
geochimique des transferts de matiere organique (consommation, recyclage, enfouissement) a !'interface eau
s&diment. 
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X-llo 
Resultats preliminaires sur les Foraminiferes Benthiques recueillis 

par pieges a particules dans le Canyon de Toulon (Programme 
ECOMARGE) 

Laure BLANC-VERNET' at Joel LE CAMPION .. 

'Centra d'Oceanologie de Marseille, O.S.U., Luminy, Marseille (France) 
.. Centra d'Oceanologie de Marseille, O.S.U., Station marine d'Endoume, rue de Ia Batterie des Lions, Marseille 

(Franca) 

l..e materiel a ete n!colte dans le canyon de Toulon a Ia station 3 (43"00,53 N, os•s9',12 E; 
profondeut -1 lOOm) entm le 11 mai et le 9 septembre 1989, lam de Ia mission GEOFLUX. 

.. ~rois ~de pieges ont ett! immerge. : un piege cylindrique a -350m, un conique a -360m et deux 
p1ege:o sequenuels (PPS3) respectivement a -370m et -1 055m (fig.l)-

I;es piege:o cylindrique et conique ont fonctionne pendant tcute Ia periode d'immersion et sont 
demeures ouv~ a Ia remonte... Les piege:o sequentiels comprenaient chamn 6 godets dont l'ouverture et 

~a1J:;~~ t~7: ~~:~;::m~ !~t~~~m~ T:~-=~~e~ e:ie~:m::;:n moyenne de 

La lignc de mouillage comprenait en outre trois courantcmetres. 

pHu;ra s~antiel PPS3 
(Tachnicap) 

- 370a 

cour~tom8tra 1 
- 380a 

~ courantoaOtra 2 
yt-T - 75oa 

J:
. pi&q. • .Oquentiel PPSl 

{Tachnicap) 
·- l055a 

coura~t~~;~• 3 

larquaur acouatiqua 
- l092a 

Figure 1 : Localisation de Ia station 3 et compooition de Ia ligne de mouiUage. 

RESULTATS Ef INTERPRETATION 

Les elfectifs tctaux de foraminileres benthiques de taille superieure a 631lJD recueillis dans les troi.s 
types de pieges soot reporte. dans le tableau 1. 

On =tate lalt d'abord rat..em: de foraminiieres benthiques dans le contem du pieac cyliMrique_ 
On ~ate. cepe~t !a presence de nombrewes formes planciCnlques lnferieures a 63jun et d'une 
HastJ&qiOO/a digjtata de grande taille- A profondeur SCII5iblement egale, le piege s&juentiel superieur a 
recolte un nombre d'lndivid111 unc fois et demi plus eleve que le piege conique_ I..e piege .Oquentiel 
r:~~~n :n~=-tres peu. Ccs differences peuvenl s'expliquer en panie par les surfaces de collect.e et 

PiE!ge Profondeur Tempa de Surface Nombre total 
d'i.nwr.eraion collecte 4• 1 'ouverture de teeta rtkolt'• 

Cy 1 indrique -350nl 123 joura 0~031Sm2 neant. 
Conique -360m 123 jour• 0,0707,.2 809 
PPSJ (Technicap) ·370m. 108 joura O,l256m2 1185 
PPSJ (Technic~p) ~105Sm 108 jour• 0,1256m2 37 

~ : Profondeur d"tmmersioiL, temps de coUecte, su:face de l'ouverture des diff~rents types de 
pieges utilises et effectifs ICtaux de foramini!Ores benthiques rea~eilli.s-

l..es tests vides recueillis a -360m et -370m sont de 7 a 10 fols mains abondants que ceux 
contenant du cytoplasme mais pnisentent le meme aspect_ Au contraire, a -1 OSSm. le:o deux categories 
ant Ia meme importance ; de plus, certains te:ots son! mal conoerv6, opacifies, voire remplis de sediment 
suuerant une remise en suspension de materiel antt!rieurement sedimentt!-
La microfaune vivante pn!sente de:o differences qualitatives suivant Ia profon<jeur et le type de piege. A -
370m, on compte environ 10 individus originaires du plateau pout 1 de Ia pente ; le:o chilfres sont 1 & 3 
a -I OS5m. Dans le piege conique, les especes dominante:o sont Rosa/ina vi/ardeboana, Mi/iolinel/a 
subrotunda, A/lotJTOmiJI sp, Comuspira foliacea. Dans le PPS3, ce son! M. subrotunda, divers autres 
Miliolidae et Ophta./midium sp. On remarque (tableau 2) que Rosa/ina et Cornuspira atteignent de tres 
grande:o tailles dans le piege conique ce qui e:ot d'aiUeurs le cas de Ia majoritt! des especes. On pout 
supposer qu'elle# se sont installees sur le:o parois, s'y sont developpees pui.s sont tombees dans le 
coUecteur Iars de !a remontee de Ia lignc ; phenomene qui n'a pu se n!aliser dans le cas du piege 
sequentieL Elfectivement on retrouve de gros individus sur les paroi.s de !a panie conique du PPS3 et 
meme sur les &!rives oorizontales des couraniCmetres- En revanche, de petites Allosromi11, en raison peut 
etm d'un mode de vie plus mobile, se retrouvent dans les godets. 

ALLOGROKIA Sp~ 

HAPLOPHRAGMOIDES 
CANARI.ENSIS 

OPHTHALHIDIUM Sp. 

IPPS3 (A4,A6) 
PC .. -IPPSJ (P,A) 
:~53 (A6) --
IPPSJ (AS.A6.B2)-------

PC -

IPPSJ (P,A) 
PC 

-----
-- -

~: Taille minlmale, classe modale et taiUe muimale pour quelques especes de foramini!Ores 
benthiques rkolb!s a l'etat vivant dans I<# dilferenta pieges a panialles. PC • piege a panialles conlque ; 
PPS3 • pieso a particules sequentiel ; (P- paroi ; A• niveau -370m; B• niveau -1 OSSm; 2• Godet n•2; 
5• Godot n•s ; 6- Gxlet n"6). 

CONCLUSION 
La comp01itions des assemblages trouvea dana les piegea & -370m et -1 055m montre que les 

formes vivantes peuvent provenir soil du plateau, soit de divetS borlzons de Ia pente et que, sur !a pente, 
une remise en suspension de materiel anterieurement s6dimentC est pouible. 
l..es stades juveniles d'especes benthiques (taille <100 mm) tels qu'on en trouw dans les fllets a plancton 
sont don: capables de se fixer, de grandir (et peut etre de se reprodube ?) des qu'ils rencontrent en pleine 
eau un substrat adequat, malgn! des conditiona de vie et de profondeur tres eloignees de leur biotope 
babitueL Certaines especes vivant en epifaunc dana les pieges peuvent fausxr les estimationa des flux de 
carbonate (Rosalina, Comuspira) et de matiere organique (Allcgrom/a). n est dooc indispensable de les 
eliminer en otant manueUement les lndividus d'une taille supenewe a 00111: rkolb!s dana le pi~ 

Rapp_ Comm. int. Mer Medit., 32, 1 (1990). 

2500}-WI 

I 



I 

X-111 

Source of Sedimentary Organic Matter in the Adriactic Sea 

J. FAGANELJ• , J. PEZDIC .. , B. OGOLEREC._ and M. MISIC ... 

•Marine Biological Station, JLA 65, 66330 Piran (Yugoslavia) 
.. Jozef Stefan Institute, Jamova 39, 61000 Ljubljana (Yugoslavia) 
... Geological Survey, Dimiceva 14, 61000 Ljubljana (Yugoslavia) 

Organic C, N and P contents, and 
13c; 12c and C/N ratios of organic matter in surficial 

==~~~::t:r:~s;:;m~::~~:i:f s::d:::~t~;;d o::a~~~d~a~~:r ~i~:~~:u~~:n ~i;~:;~~c::d i~iaJ 13c 
values and C/N ratios between autochtonous marine (planktonic) and allochtonous 
(riverine) organic matter in the Adriatic was possible to determine the origin of 
recent surficial sedimentary organic matter and that from the short cores indicating 

the past environmental conditions in the sea. Linear relationship between sedimentary 

organic C and J 13c values demonstrated an important influence of terrestrial to 

surficial sedimentary organic C and an organic C content of purely planktonic origin 

-31 

-30 
riverine POM 

-29 

i· kerogen 

-28 

Q 1 ~ 2 
!I 

2' 18 f Mdlmentary OM 

l1 • • 
1--- ...-------1 a phytoplankton blooma 

-20 II 12 
z
4 

net zooplankton 

-18 

Fig. l: d13
c values vs. C/N ratios of sedimentary organic matter (OM) and different 

classes of organic matter (phyto- and zooplanktonic, allochtonous particulate 
organic matter - POM, middle Adriatic kerogen) in the Adriatic area. Mean 

values ~ SD of 0 13c and C/N ratios are presented for organic matter from 
the Gulf of Trieste (N.Adriatic) 

of about 0.15 %. Const"ructing the mixing model for determination of marine and 

terrestrial contributions to sedimentary organic matter we used the J13c values and 

C/N ratios of different end-members (Fig. l), i.e. phytoplanktonic ( J 13c = -21.0 °/oo; 
C/N = 6) and riverine ( 0 13c = -28.0 ° /oo; C/N = 12) organic matter in the Adriatic 
area. We supposed the shift of o13c values of about 1. 5 - 2 ° /oo due to diagentic 
transformations of organic matter occuring in the water column and surficial sediments .. 

Ft (OJo) 

llli1illi!l 20-40 

- 40-50 

->50 

Fig. 2: Distribution of terrestrial organic carbon (F t) in the Adriatic surficial 
sediments 

The geographycal distribution of higher terrestrial contribution to sea1mentary organic 

matter (Fig. 2) also reflected in the higher organic C, N and P contents, is restricted 

to the western part of the Adriatic along the Italian coast strongly influenced by the 
river Po and other Italian river inflows and to southeastern part of the Adriatic 

affected by local (Albanian) riverine inputs. This areal distribution is a consequence 
of the general counterclockwise water circulation system and sedimentological 

properties of the Adriatic. The area of higher organic C content in the Jabuka Pit is, 

on the other hand. more direct consequence of higher biological production in this 
area. The distribution of organic C content and the cf 13c values within the short 

dated cores collected in the middle Adriatic suggested that the bioproducti ve conditions 
in the past were similar to those of the present day. The higher C content and lower 
d 13

c value observed in horizont from about 15 000 B.P., after the last glacial period, 
was attributed to a larger terrestrial contribution by increased river flow. 

Rapp. Comm. int Mer Medit., 32, I (1990). 
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X-112 
Sediment Fluxes on 100 YR Time Scale in Different Environments of 

the Adriatic Sea (Italy) 

M. FRIGNANI , l. LANGONE, M. RAVAIOLI and A. CADONNA 

lstituto per Ia Geologia Marina (CNR), Via Zamboni 65, 40127 Bologna (ltalia) 

Seven cores fran different environments of the Adriatic sea were studied in 
>rder to calculate accumulation rates and provide a description of the principal 

factors affecting present sedimentation and sedimentary processes. The ~'i1Ja were 
yj~o used ~o test the rrodels used to calculate sediment chronologies fran Pb and 

Cs prof1les. 

sites 

Core locations are shown in the figure. 
The sites cover a wide range of environments. 
They include a lagoon of the Po delta with no 
input from land, coastal sites from the 
Northern Adriatic influenced by high sediment 
supply, and coastal sites from the Middle 
Adriatic. 

Cores were sectioned in slices 1-3 em 

~i~~ 1w:~h l1."o Pg:~atr~~ g:~ai~ /~ i ~e s G":'~ 
mineralogical canposition and loss on ignition 
at 375 C (as an indication of the organic 
matter content) were determined. 

The core collected in the lagoon, by 
divers, shows no evident traces of 

~~t~~:~~o'2f0'! ~:o~f~~~i~~t!~nea g~~~~ 
accumulation in recent times although some 
downcore irregularities are probably due to 
the period when the lagoon was directly 
connect<;!d to the river. The depth distribution 
of silt and clay fractions suggests a 
progressive decreasing of the energy of the 
environment toward present. 

Cores 2, 3 and 4 represent different 
prodeltaic environments. The first, influenced 
by the material delivered by the Isonzo River, 

------------------------------------------------------------------------------------
lagoon 1.5 4.35 O.ll 12.6 0.4 8.31 9 
Isonzo 6.5 3.30 6.62 >170 >5 4.50 298 
Tagliarnento 10.0 2.47 nd >8 >0.2 2.40 nd 
Adige 20.0 4.39 0. 77 79.9 2.5 6.67 51 
Porto Corsini 14.0 2.42 0.40 39.0 1.2 3.49 14 
Orton a 65.0 4.50 0.45 63.1 2.0 2.40 ·ll 
MilD 251.0 4.25 0.04 7.3 0.2 2. 75 l 

is characterized by a very high accumula~J8,n rate.. In this case th<;> core was not 
long enough to include the whole excess Pb prof~le. An accumulat~on rate of 10 
<['317yr was calculated by BALDI et al. <1990) on ~e ?'9is '?f the FE:ak activity.of the 

Cs fran Chernobyl. A profile of the short llved Be ~n the f~rst 4 cent:J.J:Teters 
accounts for a rate of 8.2 cm!yr or 6.6 gtcm2 t{fr. which substantially confinns the 
previous result. On the other hand, the excess 0Pb activity at a depth of 100-105 
em (about 10 years) should be 28-30"1. l"""'r than the superficial activity. Assuming a 
supported activity of 0.8 dpm/g, which is ·typical of these sediments, ""' can see 
that this prediction is confirmed. In this case the flux of organic matter is very 
high, due both to the high concentration in the sediment and to the high 

;:a~~~:U~~t~m;~~~~~n;~~h~~x~~~ ffop~e p:~ig~r:o v:~~eri;'r';~l!:"~n~ 
=l~~e.th~~ ~~!n~:ru~f&~b ~=taa ::t~ot0fa~a~' f~h:: c~~~i~ti"; ~;'s!~: 
accumulation rate. 

The site 4 is characterized by a fairly regular profile, although there are 
sane fluctuations in activity above 22 an depth. In this case both the CF...CS and the 
CRS models (ROBBINS, 1978; APPLEBY & OLDFIELD, 1978) give the same average 
accumulation rate. 

The core taken offshore from Porto Corsini, south of the delta (site 5), 

:~~~~t~h~s S:~~sst~~ngf~r;~~i~~~ce~i~~o~~n~~~~~ qra~c~r~~~;_ ~~e wi;::~ 
accumulation rate calculated using the CRS rrodel (Table l has a value similar to that 
determined for other cores in this area (FRIGNANI & LIINGONE, 1989). The accumulation 
rate determined (using the CF-CS model) from the regression of the log-normal 
activities vs. depth gives a significantly higher value, and this is perhaps an 

effec~~fz!tJ~ ~~~~~i~~ ~~f~'fef~~i~o:eed6~~::~n fran a coastal zone of the Middle 
Adriatic, is fairly regular. Accumulation rates calculated with all the usual rrodels 
give similar results. The same is true also for core 7, taken fran the Meso Adriatic 
Depression. In this last case the profile has intervals with different slopes, 
which could be due to periJ17 characterized by different accumulation rates. 

the 2'tlJ':,ep:;:f{!l:S ~~ cor~s 1 ~;a,;dub4s.tantially confim the rates obtained fran 

Organic matter fluxes mainly depend on the accumulation rates: the minimum 
value is found for the Meso Adriatic depression, far offshore, which shows the 
l"""'st rate while the maximum oc=s in the Isonzo prodelta where the accumulation 
rate is very high. At site l the organic matter content (estimated on the basis of 
the total organic carbon: 3.57"/.l is far higher than in the other cores, but the 
flux is not very high because of the low accumulation rate. 

In conc~usion the study sites show very different accumulation rates (fran 0.04 
to 6. 62 g/cm yrl. In particular the prodelta areas are of the greatest interest for 
the establishment of the transport mechanisms and mass balances. Because of this it 
is needed to study the prodelta areas in greater detail. 

APPr:~~t~;·ra~eO~F!=iy F~f ::u~~~:d c~r8~a:~0~h:fse~=~~~O c~::~:. ~~s~~~g a 
BALDI, A., DELFANTI, R., FIORE, V., GALLI, C., LAVARELLO, 0., PAPUCCI, C., 

PENTASS!J9LIA, C.,_ VENTURA, G.C., GIACa.!ELLI, R., DE GUARRINI, F., & MATASSI, G., 
1990. D~stribut1on of artificial radionuclides in North Adriatic coastal 
sediments. Yugoslavian-Italian Syrrposium on Radiation Protection: Advance in 
Yugoslavia and Italy CUdine, 22-1~/une 198~:l_ in press. 

FRIGNANI, M., & IJ\NGONE, L., 1989. Cs and (jPb geochronology of sediments off 
the Po River delta and the Emilia-Ranagna coast (North-Western Adriatic sea 
Italy). Proceedings of the 28th Int. Geol. Congress (Washington, D.C., July 9~ 
19. 1989). l' 513. 

ROBBINS, ;:.A., 1978. Geochemical and geophysical applications of radioactive lead. 

~t::~!~o~~e;~;_t3~~ .of Lead in the Environment, J. o. NRIAGU ed. , Elsevier, 
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X-113 
Keys for sedimentation in the Balearic Islands continental 

margin: benthic carbonate production vs. particle fluxes 

M. CANALS", A.-M. CALAFAT", J.-L. CASAMOR", J. SERRA", E. BALLESTEROS"" and M. 
ZABALA""" 

"Departament de Geologia Dinamica, Universitat de Barcelona, 08071 Barcelona (Spain) 
••centre d'Estudis Avan~ats de BJanes, 17300 Blanes (Spain) 

•••oepartament d'Ecologia, Universitat de. Barcelona, 080l1 Barcelona (Spain) 

The "warm temperate" Balearic Shelf, which has been studied in the frame of several 
Spanish an European projects {namely EURECOMARGE), can be considered as a 
counterpart of the terrigenous-dominated margin of the Gulf of Lions {BROOKFIELD, 
1988; LA VIOLETTE, 1990). 

The biogenic-dominated continental shelf sedimentation is controlled by extreme 
water transparency, hydrodynamism, nutrients and particulate organic matter (POM) 
concentrations, type of substrate and microtopography (CANALS et al., 1990). Carbonate 
production rates by benthic communities are explicited in Table 1. Calculations based on 
biomass estimations and turnover rates give a mean carbonate annual production of 0.7 
metric tones per hectare (BALLESTEROS, 1984). This significant amount of biogenic 
particles continuously contributes to sediment formation. 

Benthic com. Weter depth Mean annual Covered area Total annual CaC03production 
production range 

(m) rate gCaC03 
Tm/Ha m·2y·l Ha Tm 

A 0.5-5 200 280 541 13 1.9 

0-6 640 ll 32 0.8 0.05 

5-35 100 2,655 45 ,656 66 

35->50 5 1,565 26 78 0.05 

37-50 90 800 13 721 18 0.9 

>45 125 Small patche Too low 

>50 350 Small patches Too low 

5,940 ]100 4,028 100 

Table1. Carbonate production by benthic communities in the Pollensa Shelf area (NE 
of Mallorca Is.). A: Photophilic algae; B: ~. ~; C: ~; D: sand 
com. w I~; E: Algal crusts, .ll...YQ~u.bili; F: Coralligenous; G: MaM. 

The coarse particles (sand and gravel sizes) of biogenic production are transported 
by traction processes (mainly longshore currents and their helical components) as 
proved by the existence of modern sand wave fields to 50m of water depth (CANALS et 
al., 1990). As it was expected, suspended particulate matter {SPM) in the water column 
over the shelfbreak is very low, specially if compared with values obtained in the Gulf of 
Lions (Table 2 ). 

Although they are two different concepts, and even though it may be considered an 
oversimplification, comparison between measured gross particle fluxes from the Gulf of 
Lions and biogenic production from Balearic Shelf, both expressed in g m-2 y·1 , taking 
also into account the areas of the sediment-feeding zones (the river basins for the 
terrigenous input, and the productive zone over the shelf for the carbonate input), shows 
the main constrasting features between both depositional systems and eventually would 
allow an interesting discussion foreseen for the corresponding round table (Fig.' 1 ). 

BALEARIC JSLANOS 

M SO Max Min 

44 0.23 0.157 0.8 0.04 
18 0.23 0.156 0.5 0.05 
26 0.22 0.157 0.8 0.04 

GULf Of L! ONS 

N M 50 Max Min 

24 0.86 0.504 2.3 0.22 
11 0.67 0.303 1.4 0.23 
13 1.02 0.590 2.3 0.3G 

Table 2. Suspended particulate matter concentrations (mg/1) in surficial (less than 
som depth) and near bottom (more than 50m depth) waters in the shelfbreak areas of the 
Balearic Is. and Central Gulf of Lions. Data from water samples obtained during 1986 to 
1989 EURECOMARGE cruises. N: set of samples; M: mean values; SO: standard 
deviations; Max: maximal values; Min: minimal values. 

km2 

Rhonebasin~ 
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Particle flux and biogenic production in 9 m-2y-1 
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Fig. 1. Sketch showing the main contrasting features of particle fluxes vs. carbonate 
production in the Gulf of Lions and Balearic shelves. Gulf of Lions data are recalculated 
from MONACO et al (1987). 

The production vs. transporuaccumulation sediment regime dominating in the 
Balearic Islands continental margin during Pleistocene times has resulted in an important 
progradation of the outer shelf and upper slope, frequently associated with severe mass 
movememt processes. The overall benthic carbonate production rate reaches its 
maximum during sea-level highstands when, according to the physiography of the 
margin, the greatest sea-floor area under the photic zone is available for benthic 
community growth (present shelfbreak is at 115m depth). Carbonate maceration from 
ALEXANDERSSON (1979) and hemipelagic settling af planktonic and aeolian particles 
are necessary processes to explain the muddy , calcareous nature of the sediments in 
the outermost margin. In the light of the available data, which show the absence of 
mid-water and bottom nepheloid layers, vertical particle fluxes are irrelevant as a 
sediment contributor factor in the Balearic carbonate environment. 

ALEXANDERSSON, T. (1979).- Sedimentology, 26: 845-852. 
BALLESTEROS, E. (1984).- Ph .0. Thesis, Univ. of Barcelona (Spain); 587 p. 
BROOKFIELD, ME. (1988).-~-. 60: 137-153. 
CANALS, M. et al. (1990).- ~.(submitted). 
LA VIOLETTE, P. et al. (1990).- lour Geoph Res., 95 C2: 1559-1568. 
MONACO,A. et al. (1987).- Mitt. Geoi-Palliont. lnst. Univ. Hamburg SCOPE/UNEP, 
Sond. 62: 109-125. 
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X-114 
PreUwement de M.E.S. dans le Nepheloide Benthique profond par 

utilisation de ESAUP-6000 

Jean-Michel FERNANDEZ" et Andre MONACO .. 

"Station Marine de Toulon, Service d'Etudes et de Recherches sur I'Environnement, DERSIIPSN/CEA, Base 
!framer BP 330, 83500 La Seyne-sur-Mer (France) 

.. Laboratoire de Sedimentologie et Geochimie Marines, Universite de Perpignan, Avenue de Villeneuve, 66025 
Perpignan (France) 

RESUME. 

Les campagnes anterieures (ECOMARGE et EPICEA-2) ont souligne Ia necessite de realiser des ope
rations d'echantillonnage avec Ia plus grande precision possible et vlsant a etudler le nephBioide ben

thique. 

La pampa immergeable ESAUP-6000, elaboree pour travail/er sur Ia co/anne d'eau .depuis Ia surface, a 

egalement ate conr;ue pour permettre d'effectuer des prelevements au niveau de /'interface eaujs9di

ment, a partir d'un submersible habite. 

Un premier assai de pompaga a 10 em au-dessus de /'interface eaujs9diment a ere realise au cours de 

Ia campagne CYANECO (sept.1989) au large de Toulon par 1100 metres de protondeur. Le volume filtre 

a ete approximatlvement de 535 litres au terme de 1h 30 de travail et Ia masse particulalre recoltea est 

de240mg. 

I - INTRODUCTION. Au Jaboratoire, le filtre a ete place avec de l'eau 

Pour etudier Ia matiere en suspension comptetenu distillee dans une cuve a ultra-sons pendant 10 

des faibles charges particulaires rencontrees dans minutes dans le but de recuperer les particules. 

le milieu marin, iJ est souvent necessalrede travailler Cette operation a perm is de recolter Ia quasitotalise 

sur des volumes d'eau depassant Ia centaine de 

lttres. Dans ce but un appareillage autonome et 

immergeable capable d'effectuer des filtrations a 
ete developpe au cours de ces dernieres annees 

(ESAUP-6000). 

En milieu profond, contrairement a !'ensemble de 

Ia colo nne d' eau, les structures nepMioiaes ben

thiques, epaisses de quelques dlzaines de metres 

sont plus dlfflcilement accesslblesdepuls Ia surface 

par les systemes de prelevement classiques. Or 

!'Interet que susctte Ia connalssance de ce type de 

structure oblige a cibler I' echantillonnage au niveau 

marne de !'Interface eaujs9diment. On satt par, 

ailleurs, que les grosses partlcules sont peu 
repn!sentees dans les captures par bouteUie. 

Dans ce but, Ia pompe immergeable ESAUP-6000 

a eta amBIIoree pour assurer sa mise en oeuvre a 
partir d'un submersible habit9 de fac;on a pouvoir 

prelever avec Ia plus grande precision geographl: 

que possible. 

II - MOYENS ET METHODES. 

Pour pouvoir envisager Ia mise en oeuvre de Ia 

pompe dans le but d'echantillonner a partir d'un 

submersible habtte (CYANA ou NAUTILE). il a ete 

necessaire de proceder: 

aj- a l'adjonction d'un bo1tier de commande 

magnetique tBiemanipulable qui assure les !one

lions de demarrage et d'arret des sequences de 

pompage, 

b/- au montage de Ia pompe immergeable sur 

une ligna de mouillage dimensionnee specffique

ment pour provoquer un ralentissement progressif 

de sa vitesse descendants a I' approche du fond et 

stabillser Ia pompe ESAUP-6000 a 2 metres au 

dessus de l'lnterface eaujsedlments (figure). 

La pompe a egalernent eta equlpee d'une longueur 

de tuyau suffisante (10m) et d'un collecteur posl

tlonnable a Ia hauteur deslree (10 em). 

Les operations de mlses a I' eau du materiel se sont 

deroulees en deux temps: 

aj- mouDiage de Ia llgne comprenant Ia pampa 

immergeable et le largueur pyrotechnlque com

mande par acoustlque, 

b/- plongee de Ia soucoupe CYANA. 

Le deploiement du cone d'aspiration a ete effectue 

en veillant a toujours effectuer les diverses opera

tions de telemanipulation en se positionnant en a val 

du courant La mise en oeuvre de Ia pompe s'est 

open!e un quart d'heure apres !'installation du 

collecteur, temps necessaire a Ia dissipation d'une 

eventuelle remise en suspension des particules 

sedimentaires. 

Au terme de !'experimentation, !'ensemble a ete 

!argue et nkupere en surface. De nombreuses 

photographies ainsi qu'un film video resumant 

toute !'operation ont ete pris. 

Ill- RESULTATS ET DISCUSSION. 

La phase de pompage a comports un prelevement 

de suspension a 10 em au-<lessus de I' interface 

eaujsedlment Cette sequence de travail a dura 

de Ia matiere dont Ia masse est de 240 mg. sott una 

charge particulaire de 0,45 mg/1. 

Le travail effectue au MEB soullgnent Ia presence 

de materiel frais d'origir.e phytoplanctonique (dla

tomees, coccolithes). La micro-analyse montrent 

l'abondance des alumino-silicates et silicates. 

On note egalement Ia presence de debris de 

posidonies, abondantes a certains niveaux du 

sediment. D'autres analyses sont en cours (CT, 
COP, mineralogle). 

CONCLUSION 

La technique de prBievement employee s'est 

revelee . etre Interessante quant aux posslbillt9s 

offertes pour l'echantillonnage controle des eaux 

et des suspensions de toutes tallies (fines particu

les, neige marine, pelotes !Beales) en milieu pro

fond. Par ailleurs, un prelevement analogue (2 m 

au dessus de !'interface) est envlsageable sans 

!'Intervention d'un submersible grAce aux posslbl

IMsde programrnatlon de Ia pompe, greee sur une 

ligna de mouillage. D'autre part, l'adjonctlon d'une 

vanne multivoies permettra a ESAUP-6000 d'ef

fectuer des prelevements sequentlels. Cependant 

si les masses et I' aspect qualitatif de Ia matiere en 

suspension recoltees sont convenables !'analyse 

quantitative pose encore certains problemas pro

voques par l'emploi des filtres de grand dlametre 

difficilement exploitables. 

POJDSDANS 

L'EAU: 115kg 
265kg (air) 

122kgL(-airJ--.---~--'----.] 2 mens 

122kg(alr) 

r--'---, J 12 mens 

PUBLICATION 

FERNANDEZ JM, CALMET D. MONACO A, 

CHARMASSON S, 1989 

1h30 eta permis de traiter un volume de 5351itres ESAUP-6000: Un appareil de pn?levement de sus-

sur un filtre Millipore de 0,45 microns de porosite pension et de perrolat>on >n·s•tu 

et de 293 mm de diametre qui a ete congele des Ia Congres de Umnologie-Oceanographie, 

recuperation de l'engin en surface. Marseille-luminy, 26-30 Juin 1989 
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Synthese d'une resine composite pour Ia fixation in situ du 137 
Cesium en milieu marin 

G. GAROFALO• , J.-M. FERNANDEZ .. at A. SEBAOUW 

·universite de Toulon et du Var, BP 152, 83130 La Valette-du-Var (France) 
.. GENDERS/SERE, Station marine de Toulon, BP 330, 83507 La Seyne-sur-Mer (France) 

r:~~!~•un mat8riau absorbant 18 ell slum et SBS isotopes radioactifs en milieu marin est d9crit. l.Bs principal_es £?~t8risti· 
ques souhaiMes sont d'ordm rfi8ologique et cin9tique afin de permettre une utill~ation en colonne de percolation m situ. Un 
bon compromis semble 6tnJ r8alis9 par une rBsine composite de polystyrene-dMnylbenzsnB dans laquelle est absorb& un 
comp/Bxe de ferrocyanure de cobalt potassium K;t,Co2->tf6{CN)().nH;tJ. 

Introduction 
Le sulvl des concentrations de traceurs radioac
tifs artlficiels comme le cesium137 est devenu 
une pratique usuelle dans le domaine 
oceanographlque. L'evaluation de ces concentra
tions dans Ia phase dlssoute a ete realisee 

~u~~~:fn';e:~~~~e~d~ t;,.hn~~~u~l~~s d'eau 
de mer (100 lftres), volume necessaire pour obte
nir un preciplte analysable par spectrometrie 

3!~;:'~·ant cette technique presente deux incon-

~~~~~u'"c~;l~';; /r i~)~~~~';;~o~~fe~!~~ S!~-
bateaux lie au stockage de l'eau de mer. 

~~ed3~~t:2of~ty~s;pne si~ ~~Y~~gg~~~n:n1~t;R; 
ces lmperatifs en employant une resina 
compostte echangeuse d'ions capable de 
concentrer avec Ia meilleure efficactte le cesium 
137 contenu dans l'eau percolee. 

Partie experlmentale 

~~~~e~r'!';a~~:~e~~~t~[ ~~la~~~;;;~:~~ 
Ms sur les sttes de fixation d'une reslne echan
geuse d'ions anlonlque. 

~:~nC:s~~~r:,s~~~S: s~e~7;~~~~~t 7ff~~l:~!~s 
de Ia composhlon du sel adsorbe (1) aussl nous 
avons proc!lde a !'Installation d'une untte de 
fabrication automatlsee (fig.!), afin de pouvolr 
etudler taus les parametres lnfluant sur Ia qualM 
de l'enrobage. 

Station de Fabri~a~~~e. 1 

Camctfutstiqutm fWtplpgfques 
La prem!Bre etape de notre etude nous a condutt 
a Ia selection de Ia matrlce organique anlonlque, 
hOle du complexe de ferrocyanure. Un tamisage 
par vole humlde nous a permls de d!lduire Ia 
repartttlon gmnulometrlque de plusleurs resines 

~::,~~ ~~~~ su ports on note une diffe-
rence dans Ia repartttfon des populations avec en 
partlculler Ia presence de bllles de pettte taille ( 
entre 0,2 et 0,4 mm) qui occaslonnent des partes 
charges notables pour les debtts que nous sou
hahons utlllser. 
Un essal de mode!lsation de ces pertes de 
charge a ete effectue afln de pouvolr extrapcler 
nos resultats en colonne de laboratolre a une 
colonne de laDle operatlonnelle en mer. Le 
mod~e teste est celul d'Ergun (2): 

~~~~~u':' ~r~~~~~fl~lJ~adt;~n:;:!e\~: ;~i18 
sans tamlsage presente des partes de charge 
mlnlmales: 
A505 > MONO > IRA 900 = MSA > IRA 904 > 
IRA958 

figure.3 

0 1 2 3 4 5 
• !11'A904 ~ 1RA9:)8 • IRA900 Vilene en (m/s 

OoRrations d'enrqbage 

~~~~~~~~ ~~~aJ~~o~~;~rr~~~~~~q~:s 
ferrocyanure de potassium et de nttrate de 
cobalt, selon un mlime protocols: 
Lavage de Ia resina brute A l'eau dlstlllee, ther-

~~~~!~s:!~~sd~~ ~::~~~;; ~~~~u~. Le 
processus de diffusion des Ions ferrocyanures 
Fe(CN)e4· est suM par spectrophotometrle ce 
qui nous permet d'apprecler Ia fin de Ia reaction 
d'echange. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 

Apres un cycle de lavage de Ia reslne lmpregnee 
et sur.pression du ferrocyanure en exces Ia 
dewoeme phase de l'enrobage fah intervenir le 
nhrate de cobalt operation egalement contr61ee 

[k; ~g~t~~~P~~l~~~~~~ est exerce par absorp-
tion atomique de flamme apres dissolution d'une 
fraction de reslne par HNOs- concentre a chaud. 
Les observations semblent montrer que Ia stru
ture des resines composhes n'est pas homoglme 
seton le support utilise seule I'IRA904-KCFC 
presente une bonne repartition en set, les autres 

~~s~~~g~~~~~~~ ~cl:t~~~~~h(£~~~~e. 
Cobalt {11,07 %) indique un compose dans Ia 

;l~~c~~~~tj!~~fc~~;::~~~)~~s7~~~~=,f~~~ 
Iaibie teneur (0,5 %). 
Des travaux anterieurs (3) sur Ia forme mlnerale 
pure du ferrocyanure de cobalt potassium lndi
que qu'un tel compose agit par echange de ces 
Ions potassium contenu dans Ia mallie du 
ferrocyanure (structure etc) avec les alcallns de 
":Xg~ ~~n~~~p~~~~:.portant qui sont prls au 

~ous pouvons ace nlveau d'etude lndiquer !'apti
tude a Ia crlstallisation du set dans l'ordre des 
supports: 
IRA904> MSA>A505>1RA900> >1-
RA958 >>MONO 
Les llmttations a l'apparttion du sel sont prlnclpa
lement lnduites par les differentes vttesses de 
diffusion du nttrate de cobalt qui sont maximales 
pour les resines de fortes porosM. 
CiMfiques d'Bcbanrm des rftsines avec /e 
~ 
La v~esse d'echange est determinants pour l'effi
cacM d'une colonne. 
C' est dans le but d' optimiser les temps de 
passage sur Ia colonne que nous avons d1kide 
de comparer les vttesses d'echange relatives des 
dlfferentes resines composttes (fig.4). 
L'etude comparative des clnetiques menee sur 

~J~~~::;~~~~~~Fuc;:remJ:~~~~~~~~;:e a 
0,45 micron. Le volume d'eau de mer naturelle 
est marque par du cesium 137 puis fractionne en 
volume de 50 cm3 pour evaluer les vttesses d'ab
sorption du cesium sur des echantHions de 150 
mg de resina (fraction 0,5-Q,63 mm). 

.e0.l2 

~ 0.1 

~ 0.08 

~ 0.06 

~ 0.04 

figure.4 

• IRA 900 • IRA 958 • IRA904 
• A505TL • MONO • MSA 

Resultats 
Les resultats obtenus nous permettent de dlstin
guer trois types de reslne aux caracterlstiques 
macroporeuses fortes, I'IRA900, IRA904 et MSA. 
Leur structure largement ouverte sur le ftuide (4> 

~~~8ai'ca~ ~~ls rae;r:n~su~: :.:~~~~~~~~:;;fn~8 
geur qui se comporte comma un tamis molecu
lalre a I' image des zeoltthes. La presence de 
canaux dans les reslnes macroretlculees favorise 
Ia crlstalllsation de sets avec une grande surface 
speclfique (30 m2/g), ce qui expllque les cineti
ques d'echange 

~~es~~:~~~~~::~!~~~~~~~~ ::~j~i~~~ Ia 
d'eau de mer. Sa structure et en particuller son 
volume de pore superleur aux autres resines 
anlonlques lui permettent d' etre plus facilement 
accessible a !'electrolyte et favorise Ia repartttion 
des crlstallttes de ferrocyanure d'une fa<;on 
homogene. 
Les resines de type gel n'offrent pas de structure 
suffisamment poreuse pour que le complexe fer
rocyanure pulsse se former landis qu'une resine 
de structure vlnytlque permet une cristallisation 
du ferrocyanure sur une partie limhee de Ia bille 
de resine. 

Conclusion 
La resina selectionnee pcur Ia concentration du 
~~~~K~FCSu de mer est un composite 

Des essals en colonne experlmentale nous ant 

~~= g~~~ ddeu 1~:~~8aJ::~ub~~~~~.e du 
Les rendements de fixation obtenu au bout d'une 
heure de percolation sont de 50% environ et 
nous developpons actuellement des recherches 
pour amellorer ce rendement afin de pouvoir 
adapter des colonnes sur I'Engin Submersible 
AUtonome Polyvalent ESAUP 6000. 

Bibliographie: 

l~k~;3~~Si':i-~;~~at M., J.Chem.Tech.BiotechnoJ., 

g~ ~':::;r~i-'v~f:~i~t:g~;u~··: ~~!~.·;.~~i~:~ 
nal.Nucl.Chem., 1986, 102 (1), 99-110 
Nomenclature: 
etc: cubique face c:ent~e 
KCFC: PotalJium Cobalt FerroCyanide. 
IRA ... produita manufactu~• par Rohm et H&a~~ 
"A505 produib de ta •oc:ift' PuroJite 
MSA, MONO produiU de Ja soeiftf Dow Ch•mical/•p/ 
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X-III 
Bioaccumulation de Metaux Polluants stables et radioactifs chez le 

Crabe Liocarcinus puber (Crustace Decapode). Etude a l'echelle 
cellulaire et subcellulaire 

C. CHASSARD-BOUCHAUD 

Laboratoire de Biologie et Physiologie des Organismes marins, Universite P. et M. Curie, 4, Place Jussieu, 
75252 Paris Cedex 05 (France) 

Centre de Microanalyse appliquee a Ia Biologie, 6, rue du General Sarrail, 94000 Creteil (France) 

De nombreux metaux toxiques, presents en Meruterranee, son! susceptibles d'~tre conrentres par les 

organismes marins, et notamment par les crustaces, avec des strategies physiologiques et biochimiques 

differentes seion les metaux et les organismes ronsideres. Pour tenter de comprendre les mecanismes d'absorption, 

d'excretion et de detoxication eventuelle de ces polluants, les analyses qui permettent une microlocalisation de 

ces .elements A l'echelle cell~laire et subcellulaire sont necessaires. Nous disposons actuellement de plusieurs 

types d'instruments de microanalyse, panni lesquels il en est deux qui, par leurs perfonnances complementaires, 

sont bien adaptes aux etudes relatives A Ia pollution (CHASSARD-BOUCHAUD, 1987). Le premier est le 

microscope ionique (SIMS=Serondaty Ion Mass Spectrometry) qui permet de localiser et de photographier les 

Isotopes stables ou radioactifs presents dans une coupe histologique, avec une sensibilite d'environ 0,1 ppm et une 

resolution Iaterale de 0,5 J.Un (CHASSARD-BOUCHAUD, 1989). Cet appareil est associe a un systeme 

infonnatis9 de traitement d'images. Le second est Ia microsonde de Castaing (EMP • Electron Microprobe) qui, 

avec une sensibilite moins elevk, peut par contre, grAre A son association avec un microscope electronique 11. 

transmission, localiser. et determiner Ia fonne chimique des mineraux presents dans les organites. 

Notre objectif est d'exposer et de comparer les resultats relatifs a Ia bioaccumulation d'im element 

stable, le chrome (52 Cr) et d'un element radioactif, !'uranium (238u), chez le crabe Liocarcinus puber. 

L'absorption de Cr et de U, par Ia vole branchiale est pratiquement nulle, alors qu'elle est importante par voie 

orale; elle est suivie par une immobilisation importante de !'uranium dans Ia glande digestive qui apparalt 

romme l'organe prindpal de bioaccumulation du radionudeide mais qui_ par contre, ne concentre pas du toutle 

chrome. Le tissu cible de bioaccumulation du chrome est le muscle oille metal se concentre en granules denses dans 

lei myofibrilles (Pig. 1). L'exosquelette est aussi un site de stockage des deux metaux, re qui permet au crabe de se 

detoxlquer periodiquement tors de ses exuviations. 

A l'echelle subcellulaire, on montre que les deux organites dbles de bioaccumulation sont les 

lyloeomes et les spberocristaux (Fig. 2). Dans les lysosomes, Cr et U son! concentres et prkipites sous fonne de 

phosphate (reaction enzymatique phosphatasique adde). Les lysosomes et Ies spherocristaux, apres piegeage 

des Banenls toxiques, )101\t ensuite rejetes dans le milieu exterieur, re qui assure une detoxication du crabe. Par 

contre, 1e chrome qui n'est pas s&juestre par des organites specialises, reste libre dans le cytoplasme et risque 

11'engendrer des troubles cellulaires plus ou mains importants dans un tissu comrne 1e muscle qui est depourvu de 

toute fonction excretrice. 

En conclusion, des metaux tels que le chrome et !'uranium, dissous dans l'eau de mer, penetrent dans 

lea !Wpniames par des voles diverses et viennent ensuite se fixer provisoirement ou definitivement dans des tissus 

.ou organes dbles, variables selon les elements, et oil ils sont gen&alernent transfoi'Itll!s et lnsolubilises sous forme 

de phosphate, en particulier dans les lysosomes. Ces Isotopes stables ou radioactifs peuvent ~ ensuite, soit 

Blmlnl!s par differents processus, soil devenlr permanents et susceptibles d'engendrer divers troubles du 

met.abollame cellulalre. 

Muscle. On observe des granules (fleches) 
qui sont les sites de concentration de 
Cr, dans les myofibrilles (m). X 42000 

Glande digestive. Les spherocristaux 
(fleches) sontles sites de concentration 
de Cr et U. X 33000 

Ce travail a ete realise dans le cadre du Programme MED POL eta beneficie d'un sou lien financier 
:..:~ ~~~G~~~~ relation avec "the Food and Agriculture Organization of the United Nations• . 

~~~~9~~~~5~., 1987. Ion microscope and microprobes in marine pollution research. Analytica 

CHASSARD-BOUCHAUD C., 1989. New developments in SIMS as applied to Medidne and Biology :a review. 
EMAG MICRO, 1989, London, lnsl Phys. Conf. Ser., 98, 19; 793-798. 
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X-II2 
Lead compartmentation in Kidney· Cell of Murex trunculus (Mollusca: 

Prosobranchia) 

M. NIGRO, F. REGOLI and E. ORLANDO 

Dipartimento di Biomedicina Sperimentale, Sezione di Biologia e Genetica, Universita di Pisa, Via A. Volta 4 · 
56100 Pisa (ltalia) 

The intracellular compartmentation of essential and xenobiotic metals is of great interest for 

improving our understanding of the normal metabolism of metals and of their mechanisms of cell injury 

{FOWLER, 1987). The role of a given compartment in the regulation of metal cations bioavallability depends on 

various factors such as cell type and species {FOWLER, 1987). The kidney of molluscs is a suitable material for 

studying the cellular mechanisms of metal homeostasis in non mammalian animals, due to its high capacity to 

concentrate metals (CARMICHAEL eta!., 1980; GOLDBERG, 1986). 

This paper reports preliminary data on Pb concentration and its intracellular localization in the 

kidney of Murex trunculus , a common predatory gastropod mollusc. The animals were collected in a heavily 

polluted marine area of the gulf of Follonica (North Tyrrhenian Sea). This area receives effluents from both 

industrial (production of TiO;z and H2S04) and domestic activities. Specimens of Murex, sampled in unpolluted 

waters of Sardinia (Porto Pozzo), were used for comparison. Metal concentration in the organ was measured by 

Atomic Absorption Spectrophotometry after wet digestion with HNOJ in teflon vessels at 120"C. Accuracy of 

analytical procedures was checked with standard of HotiiJlrus (National Research Council Canada). 

Intracellular localization was revealed on chemically fixed material by Transmission Electron Microscopy and 

X-ray microprobe analysis. 

Renal concentrations higher than 700 ppm were measured in Murex from Follonica, whereas 

individuals from Porto Pozzo showed values lower than 1 ppm (dry weight). Kidney cells of Mur~x from 

Follonica showed a large number of lysosome-like inclusions (Fig. 2), containing an highly electrondense 

material and often homogeneous spherical bodies (0.4 - 0.6 I.IJn in diameter) (Fig. 2 arrow). These inclusions 

contained also dusters of fine granules composed mainly by Fe (Fig. 2 arrow heads). X-ray microanalysis 

revealed that Pb was associated with the spherical bodies (Fig. 1). 

Morphologically similar inclusions were seldom found in renal cells of Murex from Porto Pozzo 

(Fig. 4). However, these inclusions never contained lead (Fig. 3). 

Cu and Zn were associated with the spherical bodies of Murex from both areas. 

The values of Pb found in Murex from Follonica are remarkably higher In respect to literature 

data (DI CINTIO, 1986), indicating a very high lead pollution in this area. Our findings also confirm that thla 

metal can be tolerated by molluscs in concentrations much higher than those found in nonnal tissues. Thia Ia 

probably due to the sequestration of lead within membrane bound lysosome-like bodies. This evidence supporta 

previous data indicating these organelles as one of the major "sinka" for metal cations <FOWLER et al- 1975). 

20 
KoV 

20 
KoV 

3 

FOWLER B.A., WOLFE D.A. and HETTLER W.F., 1975. Mercury and iron uptake by cytosomes in mantle 
epithelial cells of Quahog clams (Mercem~ria mercem~ria). J. Fish. Res. Bd. Can, 32; 1767-1775. 
CARMICHAEL N.G., SQUIBB K.S., ENGEL D.W. and FOWLER B.A., 1980. Metals in the molluscan kidney : 
uptake and subcellular distribution of 109cd, 54Mn and 65Zn by the clam Mercenaria mercttuiria. Comp. 
Biochem. Physiol, 65A ; 203-206. 
OJ CINTIO R., 1986.11 piombo sotto forma inorganica e sotto forma organica nei mitili campionati lungo un tratto 
di costa ligure. lnquinamento, 7; 42-45. 
GOLDBERG E.D., 1986. The mussel watch concept. Envir. Monitor. Assessm, 7; 97-103. 
FOWLER B.A., 1987. Intracellular compartmentation of metals in aquatic organisms; roles in mechanisms of cell 
injury. Environ. Health Perspect, 71 ; 121-128. 
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X-Il3 
Evaluation du contenu en Calcium intracellulaire et en Metaux Traces d'un 

organe (Ia branchie) chez le Poisson et Ia Moule 
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N. GNASSIA-BARELLI•, M. ROMEO•, A. MATHIEU .. , D. RIBERA"•, P. GARRIGUEs•• et M. LAFAURIE .. 

'INSEAM, Unite 303 "Mer et Sant9", B.P. 3, 06230 Vrllefranche-sur·Mer (Franca) 
.. G.I.C.B.E.M. Groupe Interface Chimie Biologie des Ecosytames Marins 

Des prelevements de moules et de poissons ont ete effectues en M<lditerranee nord-«:cidentale dans 
le cadre du G.I.C.B.E.M. (Groupe Interface Chimie Biologie Ecosystemes Marins) regroupant plusieurs 
laboratoires europeans. 

Les poissons recoltes (Serranus scriba et Serranus cabril/4 ) ont ete choisis car ils presentent 
l'avantage de se capturer facilement et, aussi, d'@tre des hermaphrodites fonctionnels, ce qui elimine le facteur 
sexe. Les moules prelevees apparliennent A l'espece Mytilus galloprot>incialis , connue et trea etudiee au point de 
vue des metaux traces. 

A bord du bateau, ies moules entieres, les branchies de poissons et de moules sepan\es du reste du 
corps, sont soigneusement rincees par une solution isosmotique a l'eau de mer (Glycine 1M, TRIS-HO 10 mM) et 
conservees dans !'azote liquide jusqu'au traitement des echantillons. Les echantillons sont ensuite lyophilises et 
mineralises par attaque acide (HN03 "suprapur"l. Les analyses de calcium et de zinc ont ete effectueea par 
spectrophotometrie d'absorption atomique A flamme, celles de cadmium par absorption atomique sans flamme. 

En juillet 1989, les echantillons ont ete preleves au Planier, i\ Revellata, Galeria, Scandola, ll 
!'embouchure du Colo, La Fourmigue, Roquebrune, au port de Qnes et A Portofino. En novembre 89, les 
prelevements ont ete effectues pour Jes branchies de poissons A Revellata, Galeria, Scandola et Roquebrune; pour 
les branchies de moules au Lazaret, A Galeria, A La Fourmigue et ;\ Roquebrune. Le tableau suivant donne les 
concentrations moyennes (± un ecart-type) en metaux par rapport au poids sec suivantles espkes, toutes stations 
confondues. 

Juillet 89 
Serranus cabrilla 

(branchies, n = 20) 
Mytilus galloprovincisllis 

(entieres, n = 21) 

Novembre89 
Serranus cabrilla 
(branchies, n = 16) 
Serranus scriba 
(branchies, n = 19) 
Mytilus galloprovincialis 
(branchies, n = 19) 

64±15 

1,1 ±0,7 

65±39 

80±25 

2,9±0,7 

1,43 ±3,11 

0,85±0,53 

5,16±12,32 

1,02± 1,75 

8,12± 14,22 

79±20 

156±62 

105±65 

123±28 

82±25 

En juillet 89, pour S. cabrilla, seules les concentrations en cadmium des branchles sont 
significativement differentes selon les stations: pour Le Planier, elles soni de 5,05 ± 4,86llgCd.g-1 (n • 5, avec une 
m<ldiane de 5,05 jiCd.g-1), pour Roquebrune et Revellata, elles sont respectivement de 0,65 et 0,67 JL(:d.g-1; en 
revanche, aux autres stations (dont le port de Qnes) les valeurs trouvees sont en moyenne de 0,{)7 JAg Cd.g-1. Pour 
les moules entieres, il n'y a pas de differences importantes pour les concentrations en calcium, cadmium et zinc 
suivant les stations. 

En novembre 1989, les concentrations en calcium, en cadmium et en zinc des branchies deS. cabril/4 
varient en fonction du lieu de prelevement : celles de Revellata sont significativement (test t) plus fortes (n z 5, 
113 mg Ca.g-1, 17,5 JAg Cd.g-1 et 168 JAg Zn.g-1) que celles de Galeria, Scandola et Roquebrune (n = 11, 43 mg ea.g-1, 
O, 19 JJg.Cd.g-1 et 81 JAg Zn.g. -1 ). ll faut noter 1es valeurs particulierement faibles des concentrations en cadmium 
trouvees dans les branchies de Galeria (0,05 JJg.Cd.g-1) et de Scandola {0,03 JJg.Cd.g-1 ). Pour les bnmchles de 
S.scriba, les concentrations en calcium different suivant les zones de prelevement : elles sont plus eleveea i 
Revellata (test t significatif) (n = 5, 105 mg Ca.g-1) qu'A Galeria, Scandola et Roquebrune (n • 14, 74 mg ea.g-1), 
les concentrations en cadmium sont plus e!evees ll Revellata etA Roquebrune (n z 9, 1,91 JAg Cd.g-1) qu'A Galeria et 
Scandola {n = 10, 3,2111 Cd.g-1). En ce qui concerne 1es branchies de moules, les concentrations en cadmium sont 
particulierement elevees au Lazaret (n = 5, 33,9 ± 1,8 l!g Cd.g-1~ par rapport ll ceUes trouveea i\ Galeria, ll La 
Fourmigue et ll Roquebrune (n = 14, 0,49 ± 0,39 JAg Cd.g-1 ). 

En conclusion, des valeurs particulierement elevees ont ~te observees dans les concentrations en 
cadmium dans les branchles de poissons et de moules ll certaines stations en juillet et en novembre . Dans certains 
cas, ces valeurs fortes sont liees i\ des concentrations elevees en calcium et en zinc. Des analyses supplementaires 
sont necessaires pour evaluer !'impact de Ia pollution metallique sur le contenu en calcium intracellulaire total 
des branchies de moules et de poissons. L'augmentation de ce contenu serait, selon VIARENGO et al. (1988), un 
indice de contamination du milieu. 

VIARENGO A., MANCINELli G., MARTINO G., PERTICA M., CANES! L. and MAZZUCOTELU A., 1988. 
Mar. Ecol. Prog. Ser. 46; 65-70. 

Rapp. Comm. int. Mer Medit., 32, 1 (1990). 
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X-114 
Essai d'utilisation des Eponges comme bioindicateurs des teneurs en 

metaux des eaux 

E. RICHELLE•, H. NEYBERG .. , E. ROY AUX .. , G. VAN DE VYVER" et Z. MOUREAU ... 

·Laboratoire de Biologie animals et cellulaire, Universite Libra de Bruxelles, Bruxelles (Belgique) 
.. Service Geologique de Belgique (Belgique) 

... lnstitut Royal des Sciences Naturelles de Belgique (Belgique) 

Dans ce travail, nous avons determine Ia teneur en brome, cerium, cuivre, chrome, fer, manganese, 

rubidium, strontium, titan,e, zinc, zirconium et yttrium dans trois especes d'eponges d'eau douce communes en 

Belgique, EphydRii4 mul/eri, Eunapius fragilis et Spongilla /acustris. 

Les eponges sont des filtreurs tres actifs, consommateurs de bacteries et de matiere organique 

dissoute, colloi'dale et particulaire. Les quelques etudes qui ont ete effectuees en milieu marin ont revele que les 

eponges sont accumulateurs d'elements trace: metaux, organochlores, etc ... ( ZAHN eta!., 1981 ; PATEL eta!., 

1985). Dans cette optique, les eponges pourraient servir de modele pour etablir !'impact des hydrocarbures, des 

detergents et des dechets industriels sur le milieu aquatique ("Sponge Watch"). 

Aucune etude n'a porte sur les eponges d'eau douce qui pourtant pourraient se reveler tres utiles 

pour Ia surveillance de Ia pollution dans les eaux douces. En effet, elles presentent l'avantage sur les autres 

organismes bioaccumulateurs de pouvoir etre facilement transplantees dans divers milieux et de s'y developper 

masslvement. Ceci est rendu possible grace ~ Ia technique de culture in vitro. 

La capacile des eponges ~ accumuler des metaux a ete etablie par dosage de Ia teneurde differents 

metaux dans les eponges et l'eau ambiante. 

Nous avons dose les elements par fluorescence-X au moyen d'un spectrometre a vide Philips PW 

1540. Les conditions d'analyse ont ete : anode en Rhodium, 50 Kv 40 mA ; crista! analyseur LiF 200 ; temps de 

comptage, 100 secondes; collimateurs en position fine et compteur a scintillation~ 845 v pour Br, Cu, Fe, Rb, Sr, 

Zn. Zr, Yet collimateurs en position large et compteur ~ flux gazeux ~ 855 v pour Ce, Cr, Mn, Ti. La concentration 

finale de chaque element est calculee par rapport a des standards internationaux (seuil de detection : 10 ppm). 

I.e cholx des elements a analyser a ete etabli au depart d'une dizaine de spectres realises ~ partir 

des tro~ espkes d'eponges d'eau douce, E. mul/eri, E. fragilis et S. lacuslris. 

Ce screening a perrnis de determiner que Br, Ce, Cr, Cu, Fe, Mn, Rb, Sr, Ti, Zn, Zr et Y etaient 

presents en quantile suffisante pour permettre une premiere evaluation de leur bioaccumulation par les eponges. 

Les eponges ont ete recoltees en Fagne et Ardenne occidentale (RICHELLE eta!., 1989). Elles ont 

ete rincees, egouttees, debarrassees de leurs epibiontes et conservees dans l'aicool. 

La confection des pastilles pour Ia fluorescence-X s'effectue de Ia maniere suivante : les 

U:hantillons d'eponges sont seches pendant 48 heures ~ 60"C puis broyes finement ; Ia poudre ainsi obtenue est 

couverte d'acetone additionnee d'elvacite, sechee et comprimee a 5 tonnes pendant 10 minutes dans un moule 

cylindrique. 

Lea resultats de !'analyse de 19 echantillons, exprimes par rapport au poids sec, permettent de 

dasaer les metaux en 3 grandes categories : 

1 -Fe, MD, Zn et Tl se dislinguent des autres elements par le niveau de leur accumulation chez les trois especes. Les 

valeurs sont particulierement elevees pour Fe (0,15% a 3,6%) et pour Mn (O,OS% ~ 1,1%), solt plusieurs milliers de 

fois superieures A celles du milieu environnant. Les teneurs en Zn varient de 51 ppm a 430 ppm et celles de Tl de 13 

ppmllol39ppm. 

2- Br, Cu, Rb, Sr, Zr, Y sont accumules par les trois especes a un taux moindre, fort variable d'un echantillon a 
rautre et souvent proche de Ia limite de detection. 

3- Ce et Cr ne sont deceles que dans certains echantillons et tres rarement chez Eunapius fragilis. 

Ces resultats preliminaires indiquent que les eponges d'eau douce sont capables d'accumuler, en 

quantile variable, des metaux presents a l'etat de trace ou en faible quantile dans le milieu ambiant. 

lis ne nous perrnettent cependant pas d'etablir, a ce Stade, !'existence OU non d'une selectivite 

specifique et/ou d'une relation entre les te~eurs metalliques des eponges et Ia contamination du milieu 

environnant. 

Les teneurs .m metaux dosees chez les eponges d'eau douce sont du meme ordre de grandeur que 

relies observees chez les eponges marines a !'exception du manganese (BOWEN et SUITON, 1951 ; PATEL et al., 

1985; VERDENAL, 1986). Les eponges d'eau douce etudiees en contiennent, en moyenne, 50 fois plus. 

~~~;t and SUTrON D., 1951. Comparative studies of mineral constituents of marine sponges. J. Mar. Res., 

ZAHN R.K., ZAHN G., MULLER W .E.G., KURELEC B., RIJA VEC M., BATEL R. and GIVEN R., 1981. Assessing 
consequences of marine pollution by hydrocarbons using sponges as model organisms. Sci. Total Environ., 20; 147-
169. 
PATEL B., BALANl M.C. and PATEL S., 1985. Sponge sentinel of heavy metals. Sci. Total Environ., 41; 143-152. 
VERDENAL B., 1986. Spongiculture en Mediterranee nord-<>ccidentale : aspects culturaux, molysmologiques et 
economiques. These de doctoral. 
RICHELLE E., MOUREAU Z., HUYSECOM J. et VAN DE VYVER G., 1989. Distribution des eponges d'eau douce 
dans Ia Fagne et I' Ardenne occidentale. Comptes Rend us du "Symposium Invertebres de Belgique"; 9-14. 
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X-lls 
Pathology of Mytilus galloprovincia/is L. reproductive organs 

produced by Nitrogen-compounds 

P.-E. MIHNEA 

Romanian Marine Research Institute, Bd Lenin 300, 8700 Constanta (Romania) 

Many of mineral and organic compounds or breakdown products may affect the natural 
environment; LCSO, ET50 (UTCHf1ELD &: WILCOXON, 1949) as well as several methods of growth potential 
estimation or marine bioassay (BERLAND et al. 1972; MAESTRINl et al. 1984 a, b) were applied to get 
knowledge concerning their effects on marine living beings. There are only few data on their behaviour and 
pathways through the ecosystems. SOLBE (1988) defined "the study of the pathways, fate and effects of 
chemicals to and in environment: ECOTOXlCOLOGY". And we emphasize: any physical or chemical parameter 
must be included as potential harmful! factors, when it reaches a critical size or concentration level. This is a 
new tool that helps us to understand biological effects of pollutant and learn how to protect our natural resourres. 
Heavy eutrophicated environments present high levels of N-NHt and N-urea. N-NH4 and N-urea reached into 
Romanian inshore area a significant increase as the process of eutrophication grown up in the last years. 
Ammonia reached in1989 maximum values of 240-1,4171-lg 1-1 and urea 201-2,200 J.1g 1-1 (PECHEANU, personal 
communication). Both N-compounds were found to be toxic- on Mytilus galloprovincialis in long term exposure
when they reach a high concentration level. 

MATERIAL AND METHODS 

Mussels were collected from an area less influenced by the outfalls, cleaned out of periphyton and 
acclimated at laboratory conditions for 30 days. They were experimented in static renewal, continuous air 
supply, 20- 22°C, light/darks : 16/8 hrs., each vassel (10 I) containing 32 individuals (height 6-7 em). There 
were used 8 experimental vassels representing duplicates for : control ; 1 %o, 5%o, and 10%o (in mg) N-~ and 
N-urea. The sea water was changed every day and then contaminated with N-<:ompounds up to experimental 
level. Mussels were fed with ChloromonRS : 1.25 x 1o6 cel/mussel/8 times a day. Algae were separated from 
culture medium by centrifugation and rinsed with clean sea water. Mussels were sacrificed after 72 days of 
exposure. Gonad cycles was determined and numerical ranking of a sample was valued : 0 - resting ; 1 - lnunature 
; 2 - developing; 3A - ripe ; 3B - spawning ; 3C- redeveloping ; 3 D - spent. Both gonad squash observations and 
histological preparations were performed. 

RESULTS 
Ovula and sperm release was observed only in control, during August The follicles size did not 

show great differences between controls and variants, except NOJNH4 exposures (Table 1). 

Table 1 : 
The size class frequency of follicles after 72 days of experimentation (N-compounds as mg %o and size in I!) 

Analyzed 
sample 

no. of 
samples X 

Follicles size Follicles size class(%) 

so min. 1-100 100-200 200-400 400-600 
------------------------------------------------------------------------------------------------------------------------------
Control 32 225 127 71 550 9.37 46.87 28.12 15.63 
Urea l%o 32 204 107 57 471 15.15 45.45 33.33 6.()6 
Urea 5%o 32 152 152 71 385 21.87 62.50 15.62 0 
Urea 10%o 32 304 128 143 «J7 0 25.00 59.37 15.63 
N03NH4 1%o 32 223 89 64 407 2.63 47.37 47.37 2.6 
NOJNH4 10%o 32 265 79 164 499 25.00 71.87 3.13 

The gonad stages (Table 2) proved that urea and NO)NH4 produced an interrupting of reproductive cycle, but 
what stage, it depended on the nitrogen species and their concentrations. 

Table2 : 
The gonads stages 

Analyzed 
sample 

Starting point 
of experiment 
Control 
Urea 
Urea 
Urea 
N03NH4 
N03NH4 

1%o 
5%o 
10%o 
l%o 
10%o 

no .of 
samples 

100 

32 
32 
32 
32 
32 
32 

100 
0 
0 
0 
0 

Frequency of each stage(%) 
2 3A 3B 3C 

20 

0 
28.89 
16.67 
0 
31.25 
5.71 

30 3E 

74 

0 0 
71.11 0 
83.33 0 
3.12 90.62 
68.75 0 
94.28 

At the end of experiment, 100% of the control individuals resumed the reproductive cycle as they 
were found to be immature : gonads presented islands of rudimentary reproductive tissue In the matrix. All 
variants showed in different percentages either 3C : developing (new oocystes being found at the margin of the 
follicle ; male follicles show a reformation of the lamellae of sperm), or 30 : spent (in females residual oocystes 
reabsorbed ; follicles in the males decrease in size and the remaining sperm are broken down by amoebocystes) 
stages. 

When 10 mg%o urea was used, a stage (3E) beyond the 30 was observed ; 90.62% of individuals 
presented follicles completely spent, and they looked like big and irregular holes with no tendency of 
recovering. 

In conclusion, the increase of nitrogen compounds in an eutrophicated environment could produce a 
pathology of gonads. 

UTCHFIELD J.T.Jr. and WILCOXON F., 1949 - A simplified method of evaluating dose-effect experiments. 
Journal of Pharmacology and Experimental Therapeutics, 96; 99-113. 
BERLAND B.R., BONIN D.J., MAESTRINI S.Y. et POINCIER J.P., 1972- Etude de Ia fertilile des eaux marines 
au moyen de tests biologiques effectues avec des cultures d'algues. I : Comparaison des methodes d'estimation. 
Int. Revue ges. Hydrobiol., 57, 6 ; 933-944. 
MAESfRINI S.Y., DROOP M.R and BONIN O;J., 1984 a- Algae as ecological indicators. 4 : Phytoplankton as 
indicators of sea water quality : bioassay approaches and protocols. Acad. Press London, ed. L.EIIiot Shubert ; 
71-132. 
MAESTRINl S.Y., DROOP M.R. and BONIN D.J., 1984 b - Algae as ecological indicators : Test algae as 
indicators of sea water quality : prospects. Acad. Press London, ed. L Elliot Shubert ; 134-188. 
SOLBE J., 1988 - Pre-marketing tests on chemicals and the protection of freshwater life. International 
Conference "Domestic and industrial wastes", Sherkin Island Marine Station ; 66-73. 

Rapp. Comm. int. Mer Medit., 32, 1 ( 1990). 



X-II6 
Effets de divers polluants sur les oeufs et les larves de Poissons: 

interet toxicologique et ecotoxicologique et incidence de leur 
mortalite sur Ia dynamique des populations 

J. BRUSLE 

Laboratoire de Biologie Marine, Universitt\ de Perpignan, Avenue de Villeneuve, 66025 Perpignan (France) 

Les effets de nombreux polluants sur Ia reproduction des organismes, et en particulier sur celle 

des poissons, ont donne lieil a uncertain nombre de travaux. Ceux-d considerent Ia fonction reproductrice dans un 

sens large, incluant les effets sur les geruteurs (gametogenese, fecondite) et sur les gametes (fecondabilite) et 

prenant en compte le sue~ de Ia reproduction c'est a dire !'impact sur Ia descendance (oeufs, larves, juveniles), en 

terme de viabilite et de taux d'anomalies (teratogenese). 

Ces connaissances resultent, pour l'essentiel, de tests de toxicite realises en laboratoire, sur un 

certain nombre d'especes d'eau douce et marines. lls ont montre Ia grande sensibllite des phases precoces du 

diveloppement vis a vis de divers agents toxiques (hydrocarbures, pesticides, metaux lourds, detergents ... ). Les 

oeufs et larves apparaissent constituer des maillons particulierement sensibles du cycle de vie des poissons et les 

divers effets embJYOtoxiques peuvent done constituer de bons lndlcateurs de toxicite, susceptibles d'~tre utilises 

avec profit pour l'etablissement des normes de contr6le de qualite des eaux (Me KIM, 1977). 

Ces resultats experimentaux sont toutefois difficilement transposables aux milieux naturels 

contamines et leur validation ecologique reste 1e plus sou vent a faire, les effets negatifs des polluants sur les aires 

de ponte et les fra~, bien que denonces en Mer du Nord et en Baltique, demeurant delicats a demontrer en 

milieu naJurel contamine. 

L'auteur se propose de dresser un bilan des connaissances actuelles et de s'interroger sur Ia 

slgnlfiation des donnees, en insistant sur 1es especes mediterraneennes a propos desquelles les travaux sont bien 

peu nombreux. ll a aussi pour ambition de montrer 1es multiples Jnterfts : theorique (mecanismes cellulaires en 

reponse l un stress environnemental et sensibilite differentielle en fonction des especes et des stades de 

diveloppement- oeuf, embryon. larve, postlarve -), methodologique (tests rapides sur un materiel relativement 

aise l contaminer) et pratique (tests de qualite des eaux et surtout menaces sur Ia reproduction des populations 

naturelles exploitables par Ia pkhe). En effet, a Ia mortalite naturelle des oeufs et des larves de poissons 

marins, qui est generalement tres elevee et qui depend de facteurs lntrinseques (qualite des gametes liee au 

gblome, li'Age et Ala sante des geruteurs) et extrinseques (temperature, salinite hydrodynamique, predation .•. ), 

s'ajoute une mortallte plus ou moins considerable induite par des facteurs anthropiques leis que les chocs 

mo!caniques, tbermiques et chimiques subis dans les centrales electriques littorales et surtout par les intoxications 

par de nombreux polluants agissantle plus sou vent en synergie. Enfin, il voudrait demontrer que des approches 

·sequentielles, dans un cadre experimental volontairement "reductionniste", pourraient eire suffisamment 

representatives pour ~tre utiles i des fins de contr6le des niveaux de contamination des milieux marins et de 

pn!diction des effets letaux et subJetaux de pollutions chroniques ou accidentelles. ll conclut sur Ia necessite de 

promouvolr 1e developpement de programmes nouveaux dans une vole jusqu'alors trop souvent negligee. 

Me KIM J.M., 1977 . Evaluation of tests with early life stages of fish for predicting long-terrn toxicity. J. Fish. 
Res. B. Canada, 34; 1148-1154. 
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X-II7 
Effets des polluants sur Ia reproduction et le developpement 

embryonnaire: une etude sur l'eau et les sediments de Ia Rade de 
Toulon 

G. PAGANO•, A. ESPOSITO•, L·A. ROMANN• at N.·M. TRIEFP•• 

•lstituto Nazionale per lo Studio a Ia Cura dei Tumori. fondazione Pascale, 80131 Napoli (ltalia) 
•!FREMER, Centre de Toulon-La Seyne, 83507 La Seyne·sur Mer Ct\dex (France) 

•••uTMB. Department of Preventive Medicine and Community Health, Galveston, Texas 77550 (U.S.A.) 

Les gametes et les embryons des oursins de mer peuvent i!tre utilises comme des indicateurs 
biologiques appropries pour contribuer aux etudes pluridisciplinaires sur 1es pollutions des eaux et des sediments 
(PAGANO et al., 1986, 1988; DINNEL et al., 1981, 1988). Les tests biologiques effectues sur les echinoldes 
permettent d'obtenir des Informations concernant : 

a) Ia toxici~ sub-lethale a des niveaux realistes d'agents contaminants ou de melanges complexes; 
b) une distinction po"ssible entre les cibles cellulaires interessees par !'action toxique, telles que Ia fecondation, 
l'activite mitotique ou Ia differenciation cellulaire/larvaire. 

Des embryons ou du sperme d'oursin de mer ont ete testes dans le cadre d'une etude 
pluridisciplinaire destinee a evaluer l'etat de pollution des eaux et des sediments dans Ia Rade de Toulon 
(France). La Fig. 1 lndique l'aire d'echantillonnage centree sur le rejet de l'emissaire de Ia station d'epuration de 
Toulon Est-La Garde. Les echantillons d'eau ou de Sediment ont ete refrigeres, puis testes en laboratoire. Nous 
avons applique les procedures suivantes: 

a) eau de mer : collectee a des distances differentes du rejet de l'emissaire de Ia station d'epuration et utilisee 
directement, sans filtration ; 
b) sediments: dep6t d'une quantiteconnue (10 mg/ml) au fond des flacons de culture. 

Les resultats ont porte sur : 

1) 1es trequences de malformations larvaires et d'arr~t de Ia differenciation larvaire ; ce test a ete mene sur des 
echantillona de larves Ala suite du traitement des embryons ainsi que sur les descendants du sperme pretraite 
(PAGANO et al., 1986); 
2) !'alteration des taux de fecondation a Ia suite de !'exposition du sperrne a l'eau contaminee ou bien du 
sediment. 

L'eau de Ia Rade, collectee dans Ia zone d'influence de l'emissaire, a induit le maximum 
d'anomalies du developpeinent des embryons en proximite du rejet. L'action de l'eau de Ia Rade sur le sperrne a 
rnontre une augmentation de Ia capacite fecondante pour les echantillons d'eau plus pollues de l'emissaire, 
rapportee Ala concentration d'ammonium. 

Une tendance non-monotonique a ete observee dans Ia repartition topographique des anomalies 
larvalres, A Ia suite de !'exposition des embryons aux echantillons de sediment. On a observe une reponse 
decroiasante en fonction de Ia distance du rejet dans les premiers 50 m ; puis, un nouveau maximum d'anomalies, 
-avec une distribution annulalre a 500 m sur les radlales A etC etA 750 m sur Ia radiale B (voir figure). Aucun effet 
n'a pu ~ observe sur Ia capacite fecondante, ou sur Ia quali~ des descendants, en exposant 1e sperme aux 
ecbantillons de sediment de Ia Rade. 

Sur Ia base des resultats obtenus et d'une etude parallele conduite en ltalie, on peut considerer que 
les esaais sur les sediments montrent une fiabilite superieure par rapport aux essais sur l'eau. La sensibilite, 
apparemment meilleure pour 1es embryons que pour le sperrne, peut etre attribuee a !'exposition plus directe et 
polong;le des embryons jusqu'a l'ectosion. 

. .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
::: :r 0 U L 0 N ::::::::::::::::::::: 

PAGANO G., OPOLLARO M., CORSALE G., ESPOSITO A., RAGUCCI E., GIORDANO G.G. and TRIEFF N.M., 
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Toxicity Testing, J. CAIRNS Jr. ed., American Society for Standard Testing and Materials, Philadelphia ; 66-92. 
DINNEL P.A., PAGANO G. and OSHIDA P.S., 1988. A sea urchin test system for marine environmental 
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X-IIs 
Effects of an Organophosphorus Pesticide on the behaviour of 

Monodonta turbinata (Marine Gastropod, Trochid) 

A. PIZZUTO and V. AXIAK 

Department of Biology, University of Malta, Msida (Malta) 

Organophosphorus pesticides have been increasingly used in agriculture because of their relative 

instability in the environment. These pesticides and potential marine contaminants interfere with 

neurophysiological activities and therefore it is possible that they also interfere with the normal behavioural 

and locomotory activities of exposed marine organisms. A series of investigations are being undertaken to study 

the effects of such contaminants on a range of marine invertebrates. In the present paper, some results are 

reported on the effects of Malathion at a relatively low concentration of 0.1 ppm, on the immersion~ion 

activity of a locally abundant littoral trochid, MonodontR turbinRIR. This trochid, normally settles near the 

water surface, periodically moving up and down through this surface. This immersion-emersion activity is 

significant to the respiratory activities of MonodoniR species and was found to be dependent on ambient 

temperature (MICALLEF, 1971). 

This behavioural activity has been studied in the laboratory by means of an aktograph, first 

described by MICALLEF (1971). All experiments were carried out in a constant temperature room at constant 

temperatures ranging from 18 to 23 in different runs and with diffuse overhead artificial lighting switched on for 

12 hours daily. Animals and sea water (salinity 34.4-36.8 ppt) were collected from unpolluted rocky shores on 

the northwest coast of Malta. Animals were acclimated to laboratory conditions for at least 24 hours and then 

each was introduced in an aktograph holding 100 ml of unfiltered seawater. This aktograph, which has been 

described elsewhere (SALIBA and VELLA, 1977 ; AXIAK and SALmA, 1982) is capable of recording any 

immersion or emersion of an individual trochid, by a movement of a lever which leaves a 24 hour trace on a 

revolving drum. In the series of experiments here described, Malathion was first dissolved in acetone and then 

dosed in the exposed aktographs to obtain a nominal concentration of 0.1 ppm. Each exposUre experiment lasted 

for 96 hours with test mixtures (unaerated) being renewed every 24 hours. Detailed chemical analysis of the test 

mixtures over the exposure period, will be reported elsewhere. Control aktograph were dosed with the same 

amount of acetone as exposure aktographs. A total of 21, 96-hour exposure experiments and 21 96-hour controls 

were carried out during the period January-April, 1990. 

Table 1 'shows the number of complete immersions and emersions, as well as the time spend 

immersed, emersed and at interphase for individual animals over a 24 hour period {activities during the light 

and dark periods being shown separately). Means and coefficient of variations (cv) for each parameter are 

included. 76, 24 hour traces and 64, 24 hour traces were analysed for exposed and control animals. 

These results indicate that both the control and the exposed animals are more active across the 

water interphase during the day then during the night. During the day, the numbers are complete immersions 

and emersions are higher than during the night. Moreover, the animals spend more time immersed or in the 

water interphase. 

Table 1 

Treatment : 
Day Period: 

Noof means 
Immersions cv 

No of 
Emersions 

%time 
immersed 

%time means 
emersed cv 

%time at 
interphase 

Control 
Light 

5.0 
6.44 

5.8 
5.21 

7.1 
6.78 

37.3 
3.34 

4.6 
11.22 

Control 
Dark 

1.8 
5.16 

1.9 
4.94 

1.4 
2.99 

49.0 
0.31 

0.7 
3.55 

Exposed 
Light 

1.6 
3.69 

2.6 
2.45 

6.7 
19.62 

40.6 
3.60 

1.3 
4.03 

Exposed 
Dark 

0.4 
2.42 

0.3 
2.58 

3.2 
41.72 

47.0 
2.85 

o.s 
8.10 

These effects were found to be statistically significant (P<O.Ol) when means of the various 

parameters were compared by t-test as well as the Mann-Whitney U test (non-parametric test). Moreover, as is 

expected in such behavioural studies, a wide range of variability is exhibited by the various parameters 

monitoring both in the control and exposed animals. Animals exposed to a nominal concentration of 0.1ppm 

Malathion were more active across the water interphase and spent more time out of the water rather than at the 

interphase or immersed. These effects were statistically significant at the 0.05 P level as determined by t-tests 

on the respective means. This effect of Malathion at this low concentration may be considered as an adaptative 

change in the normal behaviour of this trochid which would enable it to come in contact with the contaminated 

water less frequently. This would presumably however affect the respiratory activities of the animal. 

Alternatively, this change behaviour could be interpreted as a manifestation of neurophysiological toxicity. 

Exposure to higher concentrations of Malathion (0.5 ppm) in fact induced the animals to enter into an inactive 

state and remain at the bottom of the aktograph throughout most of the exposure period. This activity of 

MonodonRia is also known to be affected by other pollutants (SALIBA and VELLA, 1977; AXIAK and SALmA, 

1982). 

~~~~~~ ~~~~~~~~~~~ ;~:!. of the activity of Monodonl4 lineaiR (da Costa) by means of an aktograph. 

~~~~~R~~:;dB~.~~~; ~;:2~~- Effects of mercury on the behaviour and oxygen consumption of Monodonta 

AXIAK V. and SALIBA LJ., 1982. Effects of surface and sunken oil on the survival and behaviour of the marine 
gastropod, Monodonl4 turbinRia Born. VIes Joumees Etud. Poll., CIESM ; 749-754. 
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X-II9 
Diagnosis of factors influencing in vitro oil toxicity assessment 

H. AWAD 

Faculty of Science, Department of Oceanography, Alexandria University, Moharram Bek, Alexandria (Egypt) 

Crude oils as all purely organic pollutants in the marine environment (as well as during in vitro 

bioassay experiments) are naturally subjected to many quantitative and qualitative modifications. By 

consequence, test organisms should have variable responses depending upon the instance composition and 

conCentration of oil in their media. 

From methodological point of view, the characteristics of the followed method for preparing the 

oily working medium play an essential part in the magnitude of constitutional variation of oil during the 

bioassay duration. 1n fact, any slight variation in the preparative steps of oily working medium (ratio of oil to 

water, mixing mean, power or duration, etc ... ) leads to significant variation in the potential of applied initial 

oil concentration and composition. Unsufficient attention is paid for this primordial aspect in the MAP technical 

report, devoted for oil ecotoxicological research (UNEP /F AO, 1987). 

The factors and variables iniluencing the evaluation of oil toxicity .on the marine organisms could 

be divides into four groups : form of oil in test medium, test medium preparative steps, water quality and test 

organism characteristics. Among these groups of factors, the present work includes results concerning the effect of 

variations in oily test medium preparation steps on the applied oil concentration in the bioassay experiments. 

Also, the relationship between initial preparated oil concentration in test medium, toxic effect (fish mortality) 

and Instantaneous oil concentration in the medium (measured at the time of bioassay when a certain toxic effect 

is observed) is discussed. 

The materials of this work are two types of arabian crude oils (light and heavy), 3 chemical 

dispersants (Finasol-2, -5 and -7) and one species of fish (l..ebistes reticulatus) as test organisms for in vitro 

bioassay experiments. Throughout series of tests for preparing oily test media, ratios of oil : water or oil : 

dispersant : water, mechanically shaking power and duration and stabilization ti!l'e of the produced mixtures 

are systematically varied. For each test, dissolved and dispersed oil residues are measured (IOC/WMO, 1976). 

1n another series of bioassay experiments (Fig. 1), in which dispersed oil is used, lethal effect is followed for 5 

days in comparison with the initial and instantaneous oil concentration in the medium. 

From one side, the results showed the significant primordial role of any slight variation in the 

~sties of even one of the preparative steps of used oily medium in bioassay tests. From the other side, 

effect of oil is related more to its instantaneous concentration in the medium than to the initial applied one. 

These results are supporting the necessity of the need of a standard method for in vitro oil ecotoxicological 

studies. Without such method, a convincing and precise overall picture for the real oil pollution effects in the 

marine environment could never be attained (PATIN, 1982). 
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FIGURE 1 : Variations in fish-test mortality (--) in relation to variation in instantaneous dispersed light (a) 
and heavy arabian (b) oil concentration (- - -) with time using Finasol-7. 

IOC~~O, 1976. Guide to operational procedure for the IGOSS pilot project on marine pollution (petroleum) 
morutonng. UNESCO Manuals and Guides, n• 7. 
PATIN S.A., 1982. Pollution and the biological resources of the oceans. Butterworth Scientific, London, 287 p. 
UNEP/FAO, 1987. Rese~c~ on the ~oxicity, persistence, bioaccumulation, carcinogenicity and mutagenicity of 
selected substances (Activity G). Fmal reports on projects dealing with toxicity (1983-85). MAP Technical 
Reports Series N° 10. 
UNEP, Athens, 1987, 118 p. 
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X-IllO 
Etude de !'action conjuguee du Cadmium et du Benzo(a)Pyrime sur le 

foie de I'Anguille Europeenne 

S. LEMAIRE' , P. LEMAIRE .. etA. MATHIEU'' 

'Laboratoire de Biologie Marine, Universite de Perpignan, 66025 Perpignan Cedex (France) 
"Laboratoire de Biotransformation et Cancerogenese, Faculte de Medecine, 06034 Nice Cedex (France) 

Malgre leur presence simultanee dans les zones polluees, !'action conjuguee des metaux lourds et 
des hydrocarbures sur les organismes aquatiques n'a ete que rarement etudiee (FAIR, 1986). La plupart des etudes 
de contaminations multiples assodent preferentiellement des polluants de mane nature (metaux, hydrocarbures, 
pesticides ... ) ayant souvent des voies de penetration ou des effets similaires. II nous a done paru interessant 
d'etudier !'action conjuguee de deux polluants de nature totalement differente; d'une part, un metal hydrosoluble 
A penetration transbranchiale, le cadmium dissous, et d'autre part, un hydrocarbure hydrophobe type, le 
benzo(a)pyrene (BaP), chez une espece euryhaline, l'anguille europeenne Anguilla anguilkl. Nous nous sommes 
done plus specialement attaches A determiner l'effet du cadmium sur le systeme de detoxication du BaP, au 
niveau du foie qui est le site d'une importante bioaccumulation du cadmium mais aussi d'une grande part de 

l'activib! de detoxication des .hydrocarbures par le systeme monooxygenase (MFD). En effet. dans l'optique d'une 
application directe A Ia surveillance biologique des milieux naturels, i1 est important de connaitre les effets 
synergiques ou antagonistes de certains polluants, particulierement au niveau des systemes de detoxication 

souvent recommandes en tant qu'indicateurs biologiques. 

MA TERJEL ET METHODES: 

Les anguilles, en provenance de l'etang de Bages-Sigean (Golfe du Lion), ont ete acclimatees 
pendant trois semaines dans des bacs de 200 litres, en eau de mer artifidelle (35° /oo, 18°C, photoperiode de 12 
heures). 

La contamination experimentale s'est deroulee dans des bacs de 25 1 d'eau de mer artifidelle, 

aeree, non recyclee mais renouvelee toutes les 48 heures. Les poissons ont ell! separes en deux lots de 20 individus : 
un lot b!moin et un lot contamine par du nitrate de cadmium dissous dans l'eau a raison de 51J.g.-1. Apres 24 jours 
d'experience, chaque lot a ete scinde en deux sous-lots, l'un b!moin, !'autre recevant une injection intraperitoneale 

de BaP, A raison de 20 mg/kg. Tousles poissons ont ete sacrifies et autopsies 24 heures plus tard. 

Les quatre lots suivants ont done ete etudies : 

Lot A c D 

BaP 

Cd 

(durees de contamination: cadmium : 35 jours ; BaP : 24 heures) 

La quantile de cytochrome P-450 hepatique a ete mesuree et ditferentes activites enzymatiques 

asaodo!es ont ~ analysees : 

- trois activites de phase I : l'ethoxyresorufin~deethylase (EROD), Ia benzo(alpyrene monooxygenase 
(BaPMO) et Ia NADPH cytochrome c reductase (Cyt. Red.) ; 

- une activite de phase II : Ia glutathion-5-transferase (GST). 

KESULTATS 

1) Induction des MFO par le BaP (lots A et Cl : Parmi les activites de phase I, seules Ia BaPMO et l'EROD ont ete 
indultes respectivernent d'un facteur 35 et 15. La quantile de cytochrome P-450 et l'activite Cyt Red ne sont pas 
modifiees apres !'intoxication des poissons par le BaP. Au niveau de Ia phase II, il n'y a pas d'induction de Ia 
GST. 

2) Effet du Cadmium sur les activites MFD de base (non induites) (lots A et B) : Les activites de base des phases I 
et II ne sont pas modifiees. ll faut cependant noter que Ia quantile de cytochrome P-450 et l'activite BaPMO 
montrent une Iegere augmentation (non significative) a pres contamination par le cadmium. 

3) Effet du cadmium sur !'induction des MFO par le BaP (lots C et D) : Les augmentations de Ia quantile de 
cytochrome P-450 et des activites BaPMO et EROD ne sont pas significativement differentes entre les poissons 
cadmies (lot D) et les poissons non cadmies (lot C). L'activite Cyt Red, qui n'est pas induite, ne presente aucune 
variation. La GST, activite de phase II, ne semble pas modifiee par Ia contamination par le cadmium. 

DISCUSSION ET CONCLUSION 

L'existence d'un systeme MFD hepatique inductible par les hydrocarbures a ete mis en evidence 
chez l'anguille americaine Anguilkl rostrata (NAVA et ENGELHARDT, 1982). II apparait ici qu'un tel systeme 
existe egalement chez l'anguille europeenne Anguilkl anguilla. En particulier, les activites BaPMO et EROD 
repondent tres fortement A !'induction par le BaP (inductions respectives de 35 et 15 fois) comparativement aux 
inductions observees chez d'autres poissons (LINDSTROM-SEPPA, 1988). 

En ce qui concerne l'effet du cadmium, il est diffidle de conclure : en effet, si certaines activites de 
phase I (EROD, BaPMO) et Ia quantile de cytochrome P-450 montrent une tendance A une augmentation, ces 
variations ne sont pas statistiquement significatives. ll faut toutefois noter que les activites de phase I induites 
par le BaP ne sont pas significativement differentes au risque d'erreur de 5%, mais elles le deviennent a partir de 
10%. Le meme type de resultat (augmentation non significative de l'activite BaPMO avec le cadmium) a ete 
obtenu chez Centropristis striata apres contamination au BaP et/ou au cadmium par voie trophique (FAIR et 
FDRTNER, 1987). 

NAVA, M.E. and ENGELHARDT, F.R (1982). Arch. Environ. Contam. Toxicol., 11; 141-145. 
FAIR, P.H. (1986). Arch. Environ. Contam. Toxicol., 15; 257-263. 
FAIR, P.H. and FORTNER, A.R. (1987). Environ. Res., 42; 185-195. 
LINDSTROM-SEPPA, P. (1988). Ecotoxicol. Environ. Safety, 15 (2); 162-171. 
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X-I111 
Accumulation de contaminants et activite de biotransformation chez 

Ia Moule. Evolution au cours d'un episode meteorologique (coup de 
vent) 

J.·F. NARBONNE' , D. RIBERA' . M. LAFAURIE" etA ROMANA-.-

·Laboratoire de Toxicofogie Alimentaire, Universite de Bordeaux I, 33405 Talence CGdex {France) 
.. Laboratoire de Biotransformation et Canc&rogenSse, Facu!te de Medecine, 06034 Nice Cedex {France) 

·--IFREMER Toulon, B.P. 330, 83507 La Seyne-sur-Mer (France) 

Les moules, organismes sedentaires possedant une large repartition geographique, servent 
d'organismes test dans de nombreux programmes internationaux (Earth Watch, Mussel Watch) visant a evaJuer 
la contamination chimique dans Je milieu marin~ soit par mesure directe des composes bioaccumutes (GOLDBERG 
et al., 1975; PORTE et al., 1990), soit par mesure des activitt\s des enzymes de biotransformation (SUTEAU et al., 
1988; RlBERA et al., 1989). 

La plupart des etudes de surveillance sont basees sur Ia comparaison des donnees obtenues entre 
differentes stations ou sur revolution des parametres mesures ~ des intervalles reguliers (annuels ou bi-annuels) 
dans 1e meme site. 

Afin d'evaJuer l'influence d'un episode metOOrologique sur Ia contamination et sur une activitt? 
enzymatique de biotransformation chez Mytilus gallaprovincialis1 nous avons suivi revolution de ces parametres 
sur une courte periode (8 jours) durant un coup de vent en Baie du Lazaret (Toulon. France). 

Les hydrocarbures aromatiques polycycliques (HAP) ont ete doses dans le sediment et dans les 
moules avant Ia tempete. Pendant le coup de vent, HAP, metaux et polychlorobiphenyles (PCB) sont mesures 
dans l'eau et dans les moules. Les activites benzo(a)pyrene monooxygenases B(a)PMO sont mesurees sur les 
microsomes des echantillons (composes de deux moules : un male et une femelle). !.'ensemble des methodes 
utilisees et des resultats obtenus sont detailles dans le rapport IFREMER (1990) et dans le mcmoire de D. RlBERA 
(1990). 

Les mesures de turbidite montrent qu'il y a, lors d'un vent fort (4 a 8 beauforts)~ remise en 
suspension du sediment de Ia baie. 

D'apres !'etude microgranulometrique, Ia mise en suspension des particules sedimentaires presente 
des cimHiques qui different en fonction de Ia taille de ces particules. 

Avant le coup de vent~ les HAP presents dans les moules et le skdiment ont des profils 
chromatographiques identiques. Pendant Ia perturbation, les empreintes des HAP dans l'eau et dans les moules 
sont ldentiques mais elles different de celles observees dans les conditions calmes . Ceci peut-<!tre dil soit a une 
absorption difft?rentielle selon Ia taille des particu1es sedimentaires (provenant de la baie et remises en 
suspension de fa~n sequentielle), soit a un apport d'un autre site par les courants induits par le vent. 

Les activites B(a)PMO fluctuent au cours de !'experience. Leur evolution se decompose en trois 
phases : (1) jusqu'a 25 heures, en relation avec les maxima d'HAP et de PCB dans les moules, nous observons une 
augmentation importante; (2) de 52 A 120 heures, nous mesurons de tres faibles niveaux d'activite alors que les 
teneurs en contaminants sont ~levees ; (3) apres 120 heures, nous notons une restauration des activih~s 
contemporaines d'une diminution rapide des metaux et dans une moindre mesure des HAP. 

Ces resultats montrent : (i) une induction des activites pendant Ia phase d'exposition aux 
contaminants ; (ii) un faible niveau d'activite pendant Ia phase d'accumulation pouvant traduire l'inactivite 
biologique des composes bioaccumules ou un effet inhibiteur des metaux et (tii) une augmentation des activites 
correspondant A !'excretion des contaminants. 

Les phenomenes de bioaccumulation entrainent une forte contamination des moules trois jours apres 
le coup de vent, le retour aux conditions initiales n'etant obtenu qu'apres six jours. 

L'ensemble de ces resultats montre !'importance de Ia fraction particulaire dans !'exposition des 
organisrnes marins aux contaminants. 

De plus, des applications peuvent ~tre envisagees dans les domaines de Ia mytiliculture et de Ia 
surveillance de l'environnement en pennettant de selectionner le moment de Ia coUecte des organismes~ les sites 
d'operation (par exemple, en fonction de Ia nature des fonds) et Ia duree eventuelle de depuration. 
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Evolution de quelques parametres meteorologiques, biochimiques et chimiques au cours d'un episode coup de vent 
(-- dans les moules, ........ dans l'eau). 

GOLDBERG E. D., BOWEN V.T., FARINGTON j.W, HARVEY G.R., MARTIN ).H., PARKER P.L., 
RISEBROUGH R.W., ROBERTSON W., SCHNEIDER F. and GAMBLE E., (1975). Mar. poll. Bull., 6, no 7; 101-
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SUTEAU P., DAUBEZE M., MIGAUD M.L and NARBONNE J.P., (1988). Mar. Ecol. Prog. Ser., 46; 45-49. 
RIBERA D., NARBONNE J.F., SUTEAU P., RAOUX C., GARRIGUES P. and LAFAURIE M., (1989). Oceanis, 15 
(4) ;443-449. 
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X-I112 
Activites de Monooxygenases a Cytochrome P-450 chez des Posidonies 

Prelevees dans difterents sites du littoral mediterraneen 

J.-P. SALAUW, M.-P. HASENFRATZ•, F. DURST•, P. GARRIGUES .. , J.-L. MONOD .. , J.F. NARBONNE'' 
et M. LAFAURIE .. 

'Laboratoire d'Enzymologie Cellulaire et Moleculaire, UA 1182 CNRS, Universite Louis Pasteur, 28, rue Goethe, 
67083 Strasbourg (France) 

.. G.I.C.B.E.M. Groupe Interface Chimie Biologie des Ecosystemes Marins (France) 

L'objectif des recherches est de correler l'activite d'enzymes de biotransformation l Ia pollution 
chimique de l'eau ou des sediments de diff&ents sites mediterraneens. Ce test repose sur Ia capacite des 
organismes l induire l'activite des monooxygenases ;\ cytochrome P-450 quand !Is sont exposes A des polluants 
organiques ou metalliques. Dans Ie cadre du GJ.C.B.E.M., des missions oceanographiques en Mediterranee ont ete 
effectuees pour etudier in situ !a validite de ce test en utilisant comme materiel experimental les poissons 
(MATHIEU et al., 1988), Ies moules (NARBONNE et al., 1988) et les vegetaux. Nous presentons idles premiers 
resultats obtenus avec une plante superieure subaquatique, Ia Posidonie (PosUloniJJ ocmniaz). 

Trois activites enzymatiques dependantes du cytochrome P-450 ont ete mises en evidence dans !a 
fraction microsomale des Posidonies (Tableau 1). La cinnamate 4-hydroxylase (CA4H), qui est une enzyme clef 
de Ia biosynthese des lignines, et Ia laurate hydroxylase (LAH), dont Ie rtlle physiologique est moins bien connu 
mais qui semble engagee dans Ia biosynthese des cutines et suberines, avaient dejA ete caracterisees chez Ies 
plantes terrestres (SALAUN et al., 1986 ; FONNE-PFISTER et al., 1988). Par contre, l'etoxycoumarine 0-
deethylase (ECOD), activite modNe des sys~ de detoxication chez les ~res, n'avait jamais ete mise 
en evidence chez les vegetaux. 

TABLEAU 1 : Activites de Ia cinnamate 4-hydroxylase (CA4H), de Ia laurate hydroxylase (LAH) et de 
l'etoxycoumarine 0-deethylase (ECOD) ~t teneurs des cytochromes P-450 plus P-420 des microsomes de 
Posidonies prelevees dans differentes stations. 

STATIONS ECOD1 P-450 + P-420 
---------------------------------------------------------------------------------------
LEPLANIER 16,5 9,4 4,5 96,8 

LELAZARET 12,2 6,4 4,1 71,5 

PORQUEROLLES 11,5 11,4 2,1 110,0 

LA FOURMIGUE 9,5 19,5 3,1 133,1 

ROQUEBRUNE 22,2 7,2 7,1 119,9 

1) Les activites CA4H, LAH et ECOD sont exprimees en prnol./min/ml de microsomes. 
2) Les taux de cytochromes P-450 + P-420 sont exprimEs en prnol./ml de microsomes. 

Le taux de cytochrome b5 present dans les microsomes n'est pas different de ceux des plantes 
terrestres et est identique dans tous les echantillons de Posidonies analyses. Par contre, de faibles quantites de 
cytochrome P-450 sont mesurees. Le cytochrome majeur est une forme degradee du P-450, Ie cytochrome P-420 (60-
80%). 

Les activites CA4H et LAH des differents lots de Posidonies (Tableau 1) sont mmparables l celles 
de nombreuses plantes dejA etudiees. L'activite CA4H varie au maximum de 2,3 selon Ies stations de pre!bement, 
celles de Ia LAH de 3,6 et de l'ECOD de 2,4 et les quantites additionnees de cytochrome P-450 plus P-420 de 1,9. 

Comme le suggere Ia Figure 1, l'activite CA4H semble correlee au taux d'hydrocarbures 
aromatiques polycycliques (P AH) mesure dans les sediments des dlfferentes stations de pre!evement. 

FIGURE 1 : Correlations entre l'activite CA4H et les taux d'hydrocarbures aromatiques polycycliques des 
sediments. 
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Prealablement A cette etude, nous avions teste in vitro Ia capacite d'induction du systeme 
hydroxylant des Posidonies en incubant les tissus dans de l'eau de mer contenant un inducteur modNe, Ie 
phenobarbital (PB). Les resultats obtenus ont montre une augmentation du taux global de P-450 (x 1,3) et des 
activites CA4H (x 2,2) et LAH (x2,1} qui lui sont associees. De plus, les ions manganese (MnQ) indulsent plus de 4 
fois l'activite LAH alors que !'aminopyrine et le clofibrate semblent deprimer l'activite de cette monooxygenase. 
La mesure des activites CA4H et ECOD de ces fractions microsomales de Posidonie est en murs. 

Ces experiences preliminaires montrent que le taux de P-450 (+P-420) et les activites qui lui sont 
associees, peuvent Mre augmentes quand les tissus, etioles ou chiorophylliens, sont traltes par des xenobiotiques 
ou des ions metalliques. 

Pour resumer, des resultats majeurs fondamentaux on! ete obtenus en etudiant le syst~ 
d'oxydation microsomale des Posidonies. Une activite ECOD, representative des sys~ de detoxification chez 
les animaux, a ete mise en evidence chez les vegetaux. La comparaison des activites CA4H, LAH et ECOD des 
tissus traites par differents xenobiotiques devrait nous renseigner sur Ia capacite et Ia selectivite de !'induction 
des monooxygenases chez Ia Posidonie. 

SALAUN J.P., SIMON A. and DURST F.,1986. 
Specific induction of lauric acid w-hydroxylase by clofibrate, diethylhexyl-phtalate and 2,4· 
dichlorophenoxyacetic acid in. higher plants. Lipids, 21; 77fr779. 
FONNE-PFISTER R., SIMON A., SALAUN J.P. and DURST F., 1988. 
Xenobiotic metabolism in higher plants. Involvement of microsomal cytochrome P-450 in aminopyrine N
demethylation. Plant. Sci., 55 ; 9-20. 
MATHIEU A., CARRIERE 5., LEMAIRE P., GARRIGUES P., MONOD J.L et LAFAURIE M., 1988. 
Utilisation des enzymes hepatiques Cytochrome P-450 dependantes, chez les poissons marins, dans Ia 
surveillance de I'environnement. Rapp. Comm. int. Medit., 31,2, Athenes, octobre 1988. 
NARBONNE J.F., DAUBEZE M., RIBERA D. et SUTEAU P., 1988. 
Les enzymes de detoxification de !a moule utilisees comme tests biochimiques pour Ia surveillance des pollutions 
chimiques. Rapp. Comm. int. Medit., 31,2, Athenes, octobre 1988. 

Rapp. Comm. int. Mer Medit, 32, I (1990). 

292 

X-IIII 
Suivi Radiologique du Littoral Mediterraneen Fran~ais (Continent et 

Corse) 

Sabine CHARMASSOW at Michel CHARTIEW• 

"Commissariat a I'Energie Atomique, SERE/Station Marine de Toulon, c/o IFREMER, B.P. 330, La 
Seyne-sur-Mer (France) 

.. Commissariat a I'Energie Atomique, SEAPS/Laboratoire d'Etudes Sanitaires, B.P. 6, Fontenay-aux-Roses 
{France) 

En France, parallelement au developpement du complexe nucleaire de Ia vallee du RhOne, les cotes 
continentales et insulaires du bassin nord-mediterraneen sont !'objet de nombreuses etudes de transferts 
de radioelements au sein des differents compartiments de l'ecosysteme marin. Differents objectifs sont 
vises a travers ces programmes comme !'utilisation des radioelements comme traceurs pour etudier les 
processus de dispersion/concentration a differentes echelles ainsi que l'etablissement de bilans des niveaux 
de radioactivite des differents compartiments de l'environnement marin. Ce dernier aspect correspond tout 
a fait aux objectifs du programme GIRMED (Global Inventory of the Radioactivity in the Mediterranean 
sea). 

Figure I: Principales stations du littoral fran9ais continental et corse echantillonnees dans le cadre de 
RADMED et du reseau d'observation de Ia radioactivite. 

Le programme RADMED (Radioactivite de Ia mer Mediterranee) realise par Ia Station Marine ae 
To~Ion (Commissariat a I'Energie Atomique) etudie notamment Ia repartition spatiale et temporelle de Ia 
radioactivite de l'eau de mer, des sediments et de divers bio-indicateurs le long des cotes franyaises 
continentale et corse. Ce sont principalement les emetteurs gamma qui sont etudies. 

L'appreciation de !'impact radiologique sur les populations mediterraneennes est realise par le Service 
d'Etudes Appliquees en Protection Sanitaire. Des echantillons mensuels de vegetaux, de mollusques et de 
poissons sont preleves en differents points de Ia cOte. Des mesures par spectrometrie gamma sont realisees, 
associees a une recherche du 99Tc et des isotopes 239 et 240 du plutonium. 

Dans le cadre du programme GIRMED qui concernera done des mesures provenant de differents 
pays, il est necessaire de decrire de fa9on tres precise les methodes de prelevement et de conditionnement 
des echantillons, de maniere a permettre des comparaisons entre laboratoires et l'etablissement de bilans 
sur !'ensemble du bassin mediterraneen. 

Les memes protocoles d'echantillonnage sont suivis dans le cadre des programmes cites precedemment. 
Ainsi, sur chaque site d'etude des echantillons de 100 litres d'eau de mer sont preleves en surface et 
eventuellement a differentes profondeurs, dans Ies differentes masses d'eau. Afin de s'affranchir des 
variations des teneurs en matiere en suspension, les echantillons sont systematiquement filtres a 0,45 urn 
avant traitement. 

Trois milieux sont explores lors de !'etude des niveaux de l'activite artificielle des sediments de 
!'ensemble du bassin nord-occidental : 

- le domaine. lagunaire 
- le domaine cotier jusqu'a une profondeur de lOOm 
- le domaine profond y compris les pentes du plateau continental 

La strategie d'echantillonnage s'appuie sur de nombreux !eves sismiques realises au cours de travaux 
sedimentologiques anterieurs ainsi que par une reconnaissance prealable des sediments au sondeur 3.5 kHz. 
A Ia suite des resultats des premieres campagnes des stations clefs ont ete retenues pour leur representativite 
des domaines d'etudes et ont ete suivies au cours du temps. 
Dans I' ensemble les sediments sont echantillonnes a des profondeurs comprises entre -I 0 et -2000m avec 
des carottiers boites dont Ia section varie de 625 a 700 cm2 pour une hauteur comprise entre I 0 et 70cm. 
Les carottes subissent des leur arrivee a bord, un decoupage horizontal centimetrioue permP.ttant de 
caracteriser Ia distribution verticale des radioelements au sein de Ia colonne sedimentaire. Les echantillons 
sont ensuite congeles. Au laboratoire ils sont seches a 4o•c, puis broyes et tamises a 1 mm avant d'etre 
conditionnes dans des conteneurs de comptage. 

Differents bio-indicateurs, des algues (Uiva sp .. Coral/ina sp .. Cystoseira sp.), des phanerogames 
marines (Posidonia oceanica. Zoostera marina), des mollusques (Mytilus sp .. Ostrea edulis) ainsi que des 
poissons plats (So/ea sp.) ou des poissons de roche sont collectes dans Ia zone subtidale jusqu'a -20m par 
plongeurs ou dragages. Les echantillons sont seches a 4o·c, certains d'entre eux sont reduits en cendres et 
conditionnes dans des conteneurs de comptage. 

Dans le cadre de GIRMED, certains bio-indicateurs peuvent etre selectionnes pour leur represen
tativite et leur interet dans l'etablissement de bilans radiologiques en Mediterranee. 

- La moule est reconnue comme un bon indicateur de divers types de pollution (Mussel watch). En 
outre elle presente une tres bonne repartition spatiale et temporelle permettant un suivi regulier. Elle est 
de plus une composante classique des habitudes alimentaires des populations mediterraneennes. 

- La phanerogame marine, Posidonia oceanica, espece commune en Mediterranee, permet une etude 
du suivi chronologique de Ia contamination radioactive littorale. En effet, il a ete montre que les feuilles 
sont representatives des niveaux actuels de contamination alors que !'etude des ecailles en place sur les 
rhizomes permet de retracer les evenements radiologiques passes. 

Rapp. Comm. int Mer Medit., 32, 1 ( 1990). 



X-III2 
Recent Changes of the Mediterranean Environments - A Research 

Programme 

Farid EL-DAOUSHY 

Department of Physics, Uppsala University, Box 530, Uppsala (Sweden) 

Energy consumption and land-use activities have created serious, if not 
catastrophic, environmental problems during the past century or so 
Chemical and radioactive pollution are some examples of modern waste that 
have created increasing degradation of life qualities. Various degrees of 
environmental perturbations have been observed in the atmosphere, 
hydrosphere and the biosphere The atmosphere is constantly contaminated 
by chemical waste with different damaging effects. Occasional atmospheric 
contammation by radioactivity, through failure of nuclear power plants and 
nuclear-weapon tests, have caused an mcreasing social and political fear 
The greenhouse gases and possible impacts on climate change and landscape 
ecology have created intensive scientific and political debates. Lacustrine, 
riverine, estuarine and marine water-bodies suffer eutrophication as well 
as different forms of chemical pollution (e.g. acidification, heavy metal 
pollution, oil and organic waste). Soil erosion, dessication of vegetation, 
salinization, water scarcity and ground-water pollution have also been 
influenced by modern human activities. 

Environmental and historical monitoring are thus important steps in 
evqluating the quality of present and past environments, and represent a 
basis for environmental protection policies. Such monitoring programmes 
would allow: 1 l an early warning for environmental instabilities and 
catastrophic events; 2) global and regional chronological records on past 
environmental changes. Such knowledge is essential for assessing 
background values of unpolluted environments as well as for modelling 
sources, pathways and sinks of environmental pollutants and related 
interactions in space and time. 

Routine and historical monitoring of recent environmental pollution/ 
perturbation are now possible through a set of well-developed techniques 
covering reliable sampling of environmental materials, low-level counting 
of natural/artificial radioactivity and chemical/physical analyses of 
organic and metallic species as well as other palaeolimnological and 
palaeoecological interdisciplinary approaches Intensive field studies, 
considerable international collaboration between specialists/ researchers 
from different sciences as well as solid social and political support are 
needed for such complicated and resource-demanding studies. 

A research programme "The Med1terranean Pollution History: Radioactive and 
Chemical Mass-Balance Studies" focusing on modelling the history of modern 
pollution and its influence on the Mediterranean environments is proposed. 
This programme (MPH-RCMl, however, aims at enriching and building up 
individual data banks on the history of radioactive and chemical pollution of 
the Mediterranean countries/regions. This programme would also allow 
exchangmg and integratmg scientific and intellectual efforts in environ
mental, earth-sciences, ecological and management <socio-economic) 
disciplines These interactions would provide temporal and spatial 
correlations between cnronologically and environmentally important 
radioactive nuclides, aquatic nutrients and toxic chemicals. A Mediterranean 
pollution model In space and time would be constructed. It is hoped that our 
refmed techniques would allow us to evaluate available environmental 
hypotheses related to land-use and water resources and to understand the 
nature and dimensions of the confusing environmental issues 

The experimental work within MPH-RCM will primarily concentrate on 
21 Opb, 226Ra, 222Rn, 137cs, 40K, 90sr, 239,240,241 Pu and 241 Am. 

Nevertheless some other radioactive nuclides such as 14c, 1 OBe and 32si 
rnay be considered m some cases Tox1c chemicals such as heavy metals, 
acid oxides, fluorocarbon, combustion-carbon (aromatic hydrocarbons and 
soots) and organic-gases, oil and refinery waste, phenols, cyanides, 
fluorides, synthetic organic chemicals, PCB's, DDT and soil remaining 
fertilizers have been atmospherically and non-atmospherically injected to 
tne envwonments at mcreas1ng rates durmg the past century or so 
Phosphorus and mtrogen are maJor nutrients of rlVerme, lacustrme and 
marme environments and their enhancement in these environments causes 
eutrophicatiOn, the history or sucn perturbatiOn would be modelled 

Analyses or tne mentioned radioactive aM chemical species will be carried 
out on· 1) a1r, ra1n, water, food-stuffs and human organs; 2) depositiOnal 
sequences w1tr1 reliable/Valuable chronological and environmental records 
(from undisturbed soils. accumulation bottoms of marine and lacustrine 
water-bOdies as well as suitable wetlands and riverine systems) will be 
llientlfled, sampled and analyzed. Statistical and modellmg tools w1ll be 
applied to find valid correlations and mteractions as well as to construct 
regional biogeochemical cycles The influence of climatic, meteorological, 
hydrologiCal, geophysical and geochem 1ca1 condit 10ns on biogeochernica l 
cycles wlll be investigated. The Mediterranean environments would be 
compared with the scandinavian ones in order to momtor global trends and 
to assess the mfluence or pollution on these very different reg10ns 
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X-III3 
137 Cs in Marine Organisms - Ten Year Studies in the Greek Marine 

Environment 

H. FLOROU , P. KRITIDIS and M: PROBONAS 

National Research Centre for Physical Sciences, Aghia Paraskevi, Athens (Greece) 

The artificial as well as the natural radioactivity has been stu
died by radioanalytical methods and direct y-spectroscopy in marine 
organisms collected from an extended network of 30 stations around the 
Greek peninsula and the Greek Archipelagos of Aegean and Iomian sea. 

The occurence of ~37Cs in the Greek marine environment was due to 
the world-wide fallout. the nuclear ships which were visiting Greece 
during the past years as well as to the indirect effects from the dis
charges of the nuclear power stations of the neighboring and Mediter
ranean countries, until 1986, while since April 1986 the Chernobyl nu
clear reactor accident introduced a new load of ~s7Cs to the marine 
environment verified by the peaks measured in the marine organisms, 
few days after the accident ( Florou et al, 1987) _ 

Tab. L Concentrations of 137Cs (Bq.Kg-1W) in marine organisms 
from the Aegean and Ionian sea (Greece), 1980-1990. 

Algae 
Padina pavonica 
Cystoseira 
Acetabularia 
medi terrane a 
Jania 

0- 0-0 .4 ( 1. 5) 
0.0-0.4 (2.0) 
0.06 

0.05 ( 1.5) 

(20) Caulerpa pro
lifera 
Corallina medi
terranea 
Distyota dicho
toma 

N _D. -0. 06( 1.5) 

(0.2) 

Hypnea musciformis - (0.2) 
Liagora viscida (0.5) 
Sargassum acina- 0 _ 0 ( 0 _ 7) 
rium 
Sphaerococus core- - ( 0 _ 8) 
nopifolius 
Codium bursa (0.5) 
Stypocaulon scopa- 0 _ 0-0 _ 3 -
rium 

Benthic organisms 
Mytilus 0.3 
galloprovincialis 
Paracentrotus lividus 
Nephrops norvegicus 
Macropipus depurator 

W : Wet mass 

(6, 

4 
0.3 
N.D. 

33) 

Fish 
Sardina pilchardus 0.8-1.4 (6) 
Spicara flexuosa 0.2-0.8 (5) 
Boops boops 1.3-2.2 (16) 

(30) 
Trachurus 0.3-2.3 (2) 
Trachurus 
Pagellus 0.2-0.5 (4) 
erythrinus 
Arnoglossus 0.4 (2) 
laterna 
Mullus barbatus 0.2-0.3 (5) 

Merlucius merlucius 0.2-0.4 (3) 
Diplodus annularis - (6, 66) 
Engraulis encrachi- (5) 
cholus 
Li thognathus mormyrus - (6) 

Sparus auratus 
Mugil cephalus 

(6) 
(6,22) 

Micromesistus potassou - ( 5) 
Aulopus filamentosus 0 _ 6 
Mustelus sp. 1.3 

Seagrass 
Posidonia 0.8-1.0 (2.4) 
oceanica 
Zostera mar ina 0.5-LO 

Plankton (total) (2.0) 

( x) : Values during the period May-October 1986 
N _ D _ : Not Detected 

From the overall view of the data one can note that, in genera.l: 
- Primary producers shows a low cesium bioaccumulation which is 

not affected by the species examined (Florou et al, 1985). The Chernobyl 
radioactive plume provoked an increase of one to two orders of magnitude 
in the measured values. Caulerpa pro] i fera is the alga with the greatest 
value during this time- ( Florou et al, 1987) _ The adult leaves for 
Posjdqnja oceanica have been proved as the tissue of the plant, which 
shows the greatest values of cesium in comparison with the juvenile 
leaves_ shoots and rhizomes ( Florou, 1989) _ 

- The different feedings habits and habitatas of the measured 
fish do not seem to affect the bioaccumulation of cesium under the 
normal conditions, while for the short period after the Chernobyl ac
cident the different ecological and biological parameters have affected 
the observed bioaccumulation. Boops hoops, Diplodus ann11laris and Ml1gil 
~ have showd elevated values of cesium in some stations ( Florou, 
1987a) _ The values measured after the accident have increased up to one 
order of magnitude for a short period, while since 1987 they have been 
in the same range as before the accident ( Florou et al, 1987b) _ 

Mytilus gal JoproyjnciaJ is,. which is known as the mussel watch 
(Forstner and Wittman 1979), have showed an early response ·to the ce
sium impact which has varied according to the ecological parametrs of 
the sampling stations (Florou et al, 1987a). 

-The different synthesis of plankton samples have showed various 
concentrations of cesium, with the great values in the samples with the 
phytoplankton as the ma,i or part ( Florou. 1989 l _ 

-From the different taxa examined, fish have showed the greatest 
values of cesium, espesially during the period of the radioactive plume 
influence. 

-It could be necessary for the assessment of the cesium global 
inventory to the Mediterranean sea, in the framework of GIRMED. some 
organisms to be established as indicators for the cesium bioaccumulation. 
Nevertheless. the selected bioaccumulation of cesium among the different 
organisms should be the main parameter for the choice of the organism
indicators. 

REFERENCES 
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-Florou H .. Kritidis P .. Synetos S. and Chaloulou Ch_. 1987a. 
Congr_ of the Intern. Radiat_ Prot. assoc., Rome (Italy), 12-13 
Oct. 1987 _ 
-Florou H., Synetos s., Panayotidis P. and Chaloulou Ch .• Hl87b_ 
Congr _ of the Greek Atomic Energy Commission. 19-20 Nov .• 
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X-III4 

Evolution of 134Cs, 137Cs, 238U and 230Th on the Romanian Littoral 
of the Black Sea · 

Julia I. GEORGEScu· , Constantin BONDAR"• • Petre ROMAN" and Gheorghe BARAN" 

•poJytechnical Institute of Bucharest (Romania) 
••Institute of Meteorology and Hydrology, Bucharest (Romania) 

ABSTRAC!. Bottom sediments and biota (i.e. mussels Myt.g.) were sampled 

in view to explain the evolution of radionuclides from the North to the 

South on the romanian littoral, correlated with the liquid and solid 

discharge of the Danube river as well as with the marine currents. 

INTRODUCTION. In view to explain the nuclear pollution of the romanian 

littoral, correlations are made between the liquid and solid discharge 

of the Danube river as well as the north to the south marine currents. 

The radioactivity of the man made radionuclides 134cs, 137cs, as well as 

of the U-Ra and Th natural families were correlated with the hydrologi

cal data. A global indicator for total radioactivity in a named cross 

section and its evolution between two cross sections is defined. 

MATERIAL AND METHODS. Bottom sediments were sampled together with th.e 

mussels MytiZus g. The sediments and the mussels only the soft tissue 

were dryed at 1050C. The radioactive counting was carried out making 

use of a high resolution Ge(Li) detector coupled to a multichannel ana

lyzer. The 134cs. of 2.07 y and 137cs of 30 y were identified together 

with 238u and 230Th. The radionuclidesflow can be defined by the eq. : 

c = }; Cwiczi . Q..v + l csi . Qs + }; cbi . Qb + I czi . Ql (1) 

where CWi , csi, cbi, czi refer to the activities in Bq. m-3, or 

Bq·Kg-l in water (w), suspended matter (s), bottom sediments (b) and 

biota en ; ~· Qs, ~. Qz are liquid discharge, suspended discharge, 

bed load discharge and Q.iota discharge in m3. s-1 , or in Kg.s-1. In 

function of geographical coord,inates (of the cross section, the flow 

C(Bq·s-1} has the following equation: 

c = c c or (2) 

where Cc is due to marine currents, while CD is due to the Danube 

river. Noting by j =I, II, ... the measurement cross-sections from 

the North to the South, we can define the nuclear coefficient pollution 

as follows: 

Kdilution = (Cj+l- Cj)/ll.L Bq·m-l.s-1 (3) ' where 

1\.L is the distan.ce between the two cross-sections. This coefficient 

Kdilution is a global indicator of the nuclear pollution evolution. It 

must be outlined, Kdil. is depending of physico-chemical parameters, 

current velocity, geological characteristics of bottom sea (mineralo

gical composition the grain size, etc.). Our measurements cross-sections 

are taking into account the marine currents in the littoral site (Fig.l) 

/1/. 

Fig. 1. 

The sampling ana computing methods for evaluation the nuclear pollution 

is indicated in /2/. 

RESULTS AND CONCLUSIONS. In Table 1 are presented only the radioactive 

measurements of the bottom sediments j3J. 

Tab Ze 1. The radionue lides identified in the bottom sediments in 19 89. 

Bq .Kg-1 dry matter 

Sample 134cs 137cs 238u 232Th 

Sediment (Sulina) 1.9 _:o. 5 33 .: 2 21 .: 2 22 .: 2 

Sediment (Sf. Gheorghe) 4.8 _:o. 5 39 + 2 14 .: 2 16 .: 2 

Sediment (Portitza) 0. 8 .:o. 5 119 .:. 5 43 .: 3 58 .:. 3 

Sediment (Constantza) 5 .: 1 42 _:2 18 .: 1 15 .: 2 

REFERENCES 
} 1} *** Black Sea of the Romanian Littoral. Hydrological Monographie. Ed. 

Inst. of Meteorology and Hydrology, Bucharest, 1973, p. 160, 
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in Management of Environment,Ed.B.Patel,Wiley East.Ltd.N.Delhi,p.302 
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X-IVI 

Zones humides protegees dans Ia Region du Friuli-Venezia Giulia 
(Ita lie) 

L.-M. ROTIINJ• et G.-A. AMIRANTE .. 

•centro di Ecologia Teorica ed Applicata (C.E.T.A.), Gorizia (ltalia) 
.. Dipartimento di Biologia. Universita di Trieste. Trieste (ltalia) 

cOtiers sont lP. result.at de nla:i.nr allu\·ialF.' et 
r·epresentent des t;·e:-; ianx)rU-lilt<~s. t'l t~~s 
constituent un trait. d'union et. un fi i trT entrE': lcs PCOS'>'Si..P.me~.; tern;:-;: r·r::·s 

que ! es Et_ats ont :3Ui ,.i pour ces ;::one~-; <-l 

ensuite celie de ia con:-;en·atiun. La 
derniere tenda.J.cet qui est tcu.iours pOl;_r:"'>ui\·ie, a dt~f-inie aor0:::; 
realisE que ces zones sont une 1nd_tsn,_~n:-:;nnlu n i·l~ou;J 

hydraul ique du terri to.i.re et que cr-: 
de fixation saisonniere certaines <-J.nimaies. 

Le Conseil de rle.ia en a cn~~e la d·1;1t~te d~· 1 >.i<-:..n:-> 
laquelle fut pr•i_m_··i~")f>:..:; le:-:. -nlu::; im!XH'ta.r:Ls La 

conservation la gestion des zone::-: ht..:midi·?~. pr·obL~rn<~ 
c6tieres, oU sont auss) lc:s ;,.-;)rtES humidp:..:;. n :..;tJ:-,,~i t~·· \<n =.t·aJl(:! 

interet aupres du qui en 1 :nz, P.n et.nbJ iS:-5ant. le 
Regionales, dont fait I.e Plan d:Act-J.-.rl de lB. ·,ircrlltc•rmu"''o 

reconnait la con;: re J a ·ooL Jut} on J' cn·i ::..1 ne 
marine et terres tre ,~cr;m;e l c-

plus EX"{X)Se 8. Ja 1es "F:tat:-:.~L·ni·-:: Gnt DJ'i:>\-U rbn:.:; 

la loi pour la Zcm"~ ~lanagemt":n: .\cr} et 
dans la loi relati\·e au conLr61e rl.P lH nnlitlti.t-:>-n de 1 :eau (~~;Cf>a.I1 

Dumping Act), l 1 identificatJon, J'E:valuation ct aussi la rP.sr.auraLi>m 
zones ht.nnides. 

En lDfl 8.· Ramsar, au cours de Ja Lonrerence Tnt.ernaL;.onaiP. pnur \:..>. 
Protection des Environnement.s Humides el des 0i:._;P.au..:z Aquatioue3. ,., 2Le 
elabore le texte d2finitif d 7 une Convention rxx.;r la sali'\egard.f' des :-::om~s 

humides d' interet international surtout c:ormne hab.i t_Ht rl.es oi SE":~au:-~ 

aquatiques. Le texte de la Convention conLnlctant.·:.s 
dBsignent les zones hurnides de leur 6tre lnse:.·f_·e~ 

dans une "'liste de zones humides qui dnit Ptn-· 
conservee :par le U.I.C.N. \Union pour~ la ~~nnsF.T\'8.! ion dr_. lr1 
Nature). Cette convention a ete Je Gcu\·ernemt~nt it.:--J.ii.P!< Pn 

1976 et est entree en vigueur i'annee L-~ cvr.sidt:ir·ah',e succ2:::; 
obtenu a l'echelle mondiale par la Conv<,~ntiun a f->Prmi~ ln. dt~clarati(;n de 
2. 789 zones humides qui t.me surf:lce d<: lB.~175.6·i6 hcc-Lar·t•s 
dans lesquels 53.000 sont 

Dans la region du Friuli-Venezia GiuJia rE:;:;.ion !-l st.at.ut d'e.\.C~~DI.ilHl, 

le Plan Urbanisation RE:giona.l ceneraJ (P.U.R.G. > adoptB en 1983 \l..n n. 
11), donne une importance speciale a la protection des mj !h~u·..:: 

que ce soit JX>Ur !'importance du contenu naturei, ou pou< !a 
t§quilibres QUi cornposent et enfin fX)UJ' la trcs 
grande extension que de tels 
Gi ul ia. Le PliRG, doi t obtenir des en compte df' 

ge~....;t.i{,n et la 

en t.repr i se par l e qut: dP.s 
mesures de sauvegarde doivent etre prises JXmr la lagune de l'-'ta.rano et 
le marais de Cavanata - lagune de Grado. Cela fait longtemps en que 
la lagnne et le marais sont dans la liste des zones humides d' importance 
internationale et que la Region du Friuli-Venezia Ciulia les consid8re 
comme de possibles oasis faunistiques dans le plan triennal de 
developpement. Apres ces propositions les nn.micipa.lites de Marano la 
lagnne de Marano et de Grado pour le marais de Cavanata ont w1e 
-partie de la premiere zone, de 820 hectares, et toute la det.Lxi8me, de 190 
hectares, "oasis faunistique" selon les decrets de 1 'Assessorat Regional de 
l 'Agriculture n. 594/C du 25 June El76 pour la premiere et du 25 Jui llet 
1979 pour la deuxieme. Ces resultats montrent qu'en 1 'absence d'w1e 
legislation nationale unique, !loi n.979/l982), on peut proteger des zones 
cotiere;. avec des lois regionales !D.R. n. 598/Cl976-D.R.l97S 
L.R.n.ll/1983). Il est cependant evident que pour avoir une unite de 
protection dans toute 1' Italie, il ne sera pas possible, dans le futur, que 
chaque region applique indi viduellement ses propres normes. 

MONTFALCON£ e 

0 2 4 Km ==-
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X-IV2 
Amenagement de Ia Reserve Marine de l'lle Plana ou Nueva Tabarca 

(Aiicante, Espagne) 

Alfonson A. RAMOS-ESPLA" , Jose L SAN-UZASO" at J.-T. BAYLE-SEMPERE"" 

"lnstitut d'Ecologia Literal, Carretera de Benimagrell, sin. 03560 El Campello, Alicante (Espana) 
""Departamento de Ciencias Ambientales y Recursos Naturales, Division Biologia, Facultad de Ciencias, 

Universidad de Alicante, 0380 Alicante (Espana) 

Cette. Reserve- f~t ~ree a la dema.nde de la municipali te d J Alicante selon les 
souha1ts du ~lln1stere de l'Agriculture et des Peches de l'Etat espagnol et 
~~7~n~;~~. d 'Agriculture et P§ehe du Gouvernement Regional de Valence, le 4 

La R~serve ~ ete ~ree pour etr-e t.me aire de protection et de conservation 
des ecosystemes l1 ttoraux medi terraneens ( pa.rticulierement de 1 'herbier de 
Posidonia oceanica et du _corallig9ne) ; et des populations d'esp€:ces 
d'int~r~~ l§conOID.l~ue {Eplnephelus guaza, E~ ale.\.'Bildrinus, Seriola 
c}w:zer1l11,_ 5_c:r~llar1des latus), oU les juveniles sont tres frequents. Elle a 
ete cons1deree comme une reserve a multiples usages (selon la 
classi~'ication de la ~I~:~~!. oU la conservation du milieu peut etre 
compat1ble avec les act1 v1 tes humaines. Aussi, les divisions furent elles 
f~ites en fonction des probl€mes de conservation, de logistique et de 
1~~~~~:pement d'une Reserve de la Biosphere connne le defini le project MAB 

La Reserve de Tabarca I 1. -!00 Ha I cornprend trois sub-aires (Fig. 11 : 

11 - Sub-aire de protection integrale ( 100 Ha} 
2) - Sub-aire d'amortissement ou zone tampon {630 Has.}. La plongee en 
apnee au en scaphandre autonome est permise ainsi que la p&;he a la traine 
dans la zone exterieure a l'est, et deu.x filets fixes a grandes mailles 
{ "moruna grossa" l d'avril a juin. 
3) - Sub-aire d'acces libre ou zone peripherique 1670 Has.), bain et 
plongee en apnee sont libres ; la plongee en scaphandre autonome avec 
autorisation. La peche profess.iorutelle avec filet fixe a petite maille 
( "moruna chirretera") d'octubre a decembre ; la peche sportive a la canne 
depuis la cote. 

Dans toute la reserve sont interdits la ~he sous-marine, l 7 extraction 
d' especes marines ( sauf la p(khe pennise} , le motonautisme, le ski 
nautique, et le mouillage des bateaux en dehors des zones autoris8es. 

Apres quatre ann8es quelques objec;tifs sont atteints 

a) f'rotegtion etconservation : 1) surveillance par un gardien dependant. de 

1. autori te maritime ; 2) bali sage. 3) information du public ; 4} recifs 
anti -chalutage, dans le secteur sud de la reserve ; 5) recouvrement des 
d8combres et ordures avec les feuilles rnortes de Posidonia. 

Apres quatre annees quelques objecti fs sont atteints : 

a l Protection et conservation : 1) surveillance par un gardien dependant de 

l'autorite maritime ~ 21 balisagel 3J information du public ; 4} recifs 
anti-chalutage, dans le secteur sud de la reserve ; 5) recouvrement des 
decombres et ord.ures avec les feuilles mortes de Ibsidonia. 

b) Recherche : 1 ) Poursui te et cartographie bionomique de la reserve ; 2} 

Etude de 1 'herbier de I'osidonia oceanica ; 3) Etude des populations de 
poissons ; 4 l Inventaire des macroalgues ; 5) Etude la pi?che artisanale 
dans et hers de la reserve. 

c l P&he : ll Le repeuplement en poissons (merous, dentes) dans les zones 

entourant la reserve paralt important ; 2} La pff;he autour de la reserve a 
augrnente !deux a trois fois selon les p§cheurs). 3) Les p§cheurs de Tabarc-a 
ont fonne une cooperative pour les filets fiKes. 

d) Tourisme : 11 Contr6le du nombre 140 I et des li eux de p.longee ; 2} Zones 

de mouillage reservee. 

e I Gestion : 1) Creation d' une Commission de Cestion ( !5 Juin 19381 ou sont 

representees les administrations centrale {Ministere l, regionale (Cmmci l l 
et locale {~lunicipali te d' Alicante). La CollUllission peut requerir la 
presence d' institutions et d' associations. 

f} Education Creation d'une "Ecole de ia Nature" sur le milieu marin. 
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Y-11 
Effets d'une crise dystrophique sur les Populations Laguno-Cotieres 
Mediterraneennes de Pomatoschistus microps (Kroyer, 1838) et de P. 
minutus (Pallas, 1770), Poissons Gobiides - Aspect du determinisme 

du recrutement 

J.-L. BOUCHEREAU , J.-C. JOYEUX , J.-A. TOMASINI et J.-P. OUIGNARD 

Laboratoire d'lchthyologie, Departement d'Aquaculture et d'Halieutique, Universite Montpellier II, Sciences et 
Techniques du Languedoc, Montpellier (France) 

La lagune de Mauguio (Languedoc, France) a ate, en aout 
1988, le siege d'une importante crise dystrophique (malaTgue). II en est 
rapidement resulte une quasi disparition des populations residantes de 
Poissons (QUIGNARD et a/, 1989). Les Gobiides ont ate particulierement 
affectes, notamment deux especes annuelles sympatriques, l'une sedentaire P. 
microps, !'autre migratrice P. minutus. P. microps se reproduit de mars a juillet 
dans cette lagune et P. minutus effectue une migration genesique vers Ia mer 
ou elle se reproduit de novembre a avril (BOUCHEREAU et a/, 1989a,b,c; 
1990). 

1 - Apres cette catastrophe, Ia reconquete du milieu 
lagunaire s'opere avec plus de rapidite pour P. minutus que pour P. microps. 
D'aout 1988 a avril-mai 1989, seuls quelques rares individus de P. minutus et 
de P. microps ont ate captures. P minutus, 18 mois apres Ia malaTgue, est 
numeriquement et ponderalement dominant dans les debarquements. En effet, 
de novembre 1989 a fevrier 1990, 20 kg de P. minutus par pecheur etaient 
captures quotidiennement, landis que P. microps etait pratiquement toujours 
absent des peches, alors qu'entre 1985 et 1988 il en etait debarque 
journellement 3 kg par pecheur pour Ia periode consideree. 

Le retablissement de Ia population de P. microps, a partir 
des quelques survivants lagunaires ou d'eventuels apports exterieurs, 
provenant de biotopes non affectes par Ia malaTgue, se fait done tres 
lentement. II y a Ia un blocage demographique momentane, plusieurs 
generations seront necessaires pour retrouver l'equilibre initial. 

Dans le cas de P. minutus, Ia mortalite subie en lagune a 
evidemment considerablement reduit !'importance de Ia ponte annuelle 
esperee en mer, mais n'a pas affecte !'importance numerique de Ia generation 
suivante 1988-1989 dans Mauguio. L'extreme rarete des pontes en mer des 
geniteurs de Mauguio a ate compensee par un fort recrutement de larves 
issues de pontes provenant de geniteurs originaires d'autres lagunes. La ponte 
et Ia position des lieux de ponte en mer, ainsi que les systemes de dispersion 
des neonates ont done permis Ia recolonisation massive et rapide du milieu 
lagunaire de Mauguio. Cette reconquete a ate tres intense puisque durant 
l'hiver 1989/1990, on a peche 5 lois plus de P. minutus que les annees 
precedentes pour Ia meme periode. 

L'absence de P. microps a eu pour consequence de reduire 
Ia competition territoriale et trophique entre ce poisson et P. minutus, ce qui a 
permis une forte implantation de ce dernier dans Ia lagune. A !'inverse, cette 
presence massive de P. minutus, avant Ia saison de ponte de P. microps, freine 
certainement les possibilites de reinstallation de celui-ci dans Ia laguna, ce qui 
explique Ia lenteur du processus de repeuplement de cette derniere espece. 

2 - Chez P. minutus, l'examen des valeurs extremes des 
tailles (longueur totale L Ten mm) et des masses brutes (Mb en g) observees 
entre novembre 1989 et fevrier 1990 sur les individus ages de 8 a 12 mois 
indigue que les minimums pour les deux sexes sont inf9rieurs (L Ta' et ~ = 38; 
Mbd' = 0,4; Mb~ = 0,3) a ceux enregistres pour Ia me me peri ode au cours des 
annees 1985 a1988 (LTd': 41-43; LT~: 39-43 et Mbd': 0,50-0,64; MbQ: 0,60-
0,64). Ceci s'explique par un recrutement des individus a un seuil de taille et 
de masse interieur a celui observe durant ces annees. Ce recrutement de petits 
individus est dO, plus au Iaibie niveau de competition intra et interspecifique 
qu'a un eventual etalement de Ia ponte (hiver 1988/1989 tres doux) ou qu'a 
une surcharge numerique. Les maximums de taille (L T = 89) et de masse (Mb = 
7,2) des males sont superieurs a ceux observes auparavant (L T: 83; Mb: 5,7), 
tandis que ceux des femelles (L T = 79; Mb = 4,4) sont inferieurs (L T: 81; Mb: 
5,1 ). 

Les maximums inhabituels de taille et de masse observes 
chez les males , en 1990, s'expliquent par !'absence de competition trophique 
specifique qui a largement favorise Ia croissance somatique, alors que Ia 
croissance gonadique (rapport gonosomatique, RGS=1 OO.Mg/Ms, avec Ms=Mb
Mg; Mg etant Ia masse gonadique). n'est pas plus elevee (0,4 %) que durant 
les autres annees (1,1 %). 

A !'inverse, Ia non augmentation des tailles des femelles, 
par rapport a celles enregistrees les autres annees, indique que celles-ci ant 
plus investi, en 1989-90, dans Ia croissance gonadique que dans Ia croissance 
somatique. En effet, a intervalle de taille constant (55<LT<66). le RGS mensual 
maximum est superieur (22,6 %) a ceux calcules pour les autres annees (19,2 
a 21,1 %) durant Ia periode consideree. 

Des deux populations de Pomatoschistus presentes dans 
Mauguio, avant Ia malaTgue, c'est P. minutus qui a recolonise Ia laguna des Ia 
generation suivante, a partir des zones de reproduction marines, alors que P. 
microps, sedentaire. ne se retablit que tres lentement et n'a pas attaint, en 
fevrier 1990, le niveau constate les autres annees. Le recrutement de P. 
minutus est d'autant plus important que l'effectif de geniteurs P. microps est 
tres Iaibie. 
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Les Poissons de Ia Lagune de Ghar El Melh {Tunisia) - lnventaire et 

Repartition 

M.·S. ROMDHANE 

lns1i1u1 National Agronomique de Tunisia, Laboratoire de Milieux Aquacoles, 43 Av. Charles Nicolles, Tunis 
(Tunisia) 

La faune ichthyologique de la lagune de Ghar El Melh est 
representee par 49 especes appartenant a 26 familles .la repartition 
, 1 'abondance e.t 1' importance commerciale varie d' une espece a 
1 'autre et en fonction des lieux et des saisons. 

The ichthyofauna of Ghar El Melh lagoon is composed by 49 
species from 26 family.Their repartition , abundance and commercial 
value , varried between species and with saisons and area. 

La lagune de Ghar El melh situe au nord Est de la 
Tunisie,couvre une superficie de 3000 hectares ,avec 25 km de cotes 
et une profondeur moyenne de 1 metre. Cette lagune presente 4 zones 
plus ou moins distinctes : la Bhira,El Hofra,E1 Ouafi et Les 
Khelij; elle communique avec la mer par des passes ou graus de 
nombre et de dimensions variables,les agitations marines et 1es 
crues sont les principaux facteurs de modification des gruus dont 
les fonds sont toujours ins tables le plus souvent colmates. 

La lagune a ainsi acquiert un caractere euhalin sous 1' effet 
des eaux marines du sud et continentales de l'ouest et du nord;le 
regime des vents frequents et dominants de nord ouest assure une 
bonne oxygenation de l'eau,les caracteres hydrobiologiques de la 
lagune sont assez stables ,avec une temperature d'eau toujours 
proche de celle de 1' air variant de 16 °C entre le mois le plus 
chaud ( Juillet/Aout) et le plus froid ( Fevrier) , la salini te moyenne 
de la lagune est de 37,34 0/00 avec des extremes de 2B a ·46 0/00 
, le taux d'oxygene moyen est de 7,06 mg/l.Romdhane (19B5). 

L' inventaire specifique revele 1' existance de 49 espece de 
poisson reparties sur 26 familles,nous avons reporte dans le 
tableau 1 la listez complete des especes avec mention du nom local 
,nom statistique,lieu de peche privilegie et importance dans les 
captures. 

La repartition des ces especes dans la lagune est regie par 
plusieurs facteurs lies aux especes elles memes,migration trophique 
et genetique,et aux conditions du milieu. 

Comme Quignard et Zaouali ( 19BO) nous avons distingue 
3 groupes faunistiques : 

Les especes sedentaires: Ce sont les especes qui pas sent la 
totalite de leur cycle vital dans la lagune; Nous avons, comma 
Mathias(1954),Paris et Quignard(197l),Casabianca(l974) et d'aprea 
nos propres observations, rescense 13 especes. 
Les especes m.igratrices : C' est le groupe le plus important,23 
especes, en ce sens qu' il rasssemble toutes les eapecea 
d' importance economique. on rencontre les especes communes ou 
permanentes, telles que les rouges, loup, anguilla et daurade ,lea 
especes assez communes dont les marbres et les sparides et lea 
especes peu communes comme le pageot et la limande. 
Les especes occasionnelles ou accidentelles : Ces especea ne 
penetrant dans la lagune que d'une fa~on hasardeuse aoit a la 
pour suite des proies soi t a la recherche d' abri. 

L'etude de la faune ichthyologique de la lagune de Ghar El 
Melh a mis en evidence l'existance de 49 especes de poisson qui 
selon leurs exigences vis a vis du milieu se sont installees dana 
differentes zones : sous influence marine , continentale ou 
eryhaline , profondes ou peu profondes, agi tees ou calmes. 

Cet ensemble d' especes est reparti en. trois groupea a 
caracteres etho1ogique differents : les especes sedentaires ,les 
especes migratrices et les especes occasionnelles, relativement a 
la duree de leur sejour dans la lagune. 
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Biology of Acanthobrams mirabi/is Ladiges, 1960 in Lake Bata 

(Turkey) 

Suleyman BALIK and M.-Rusen USTAOGLU 

Ege University, Faculty of Science, Department of Biology, Section of Hydrobiology, Bornova lzmir {Turkey) 

Acanthobrama mirabilis, which is among economically important fish species of 

Lake Bafa, is one of the inland water fishes endemic in Lake Bafa and Buyuk Menderes 

River. The present study deals with the age composition, growth equations for the 

length and weight, gonadosomatic indices, condition factors, fecundity of this 

speciese 

The present study was performed on 1812 specimens of A.mirabilis caught from 

different areas of Lake Bafa. The samplings took place each month during the period 

from September 1986 to August 1987, using different fishing nets of various mesh size 

(20, 25, 28, 32 mm). From each fish, data on total length, total weight and scale 

samples were collected. Length weight relationship was computed according to the cubic 

relation W=c .Ln •. Length at age were computed from length distribution data (GULLAND, 

1964). Condition factor and gonadosomatic indices were computed using the following 

equations: k=(W. 100)/L3 and GSI=(Gonad wei~ht. 100)/Total weight. 

Lake Bafa is an alluvial dam lake with an area of 65 km2 , a maximum depth 19 m 

and salinity varies from 2.98%o to 5.62%o (YARAMAZ et al., 1988). The fish population 

of Lake Bafa is composed of 14 species (Mugil cephalus, Liz a ramada, Chelan labrosus, 

Dicentrarchus labrax, Anguilla anguilla, Ather ina boyeri, Pomatoschistus marmoratus, 

Lipophrys pavo, Gambusia · affinis, Cyprinus carpio, Silurus glanis, Acanthobrama 

mirabilis, Chondrostoma nasus, Barbus capi to) (BALIK and USTAOtiLU, 1988). 

Age determination from scale readings revealed the presence of six age groups 

(II-VII) of A.mirabilis in Lake Bafa. The length frequency data on the collected 1812 

specimens is converted into a length composition table from which the following mean 

lengths at ages were deducted: 11.50; 15.94; 18.18; 18.93; 20.57 and 23.85 em, 

respective to age groups II to VII. The values are little higher than those of 

A. terraesanctae in Lake Tiberi as (STEINITZ, 1959). 

The percentage occurance of each group shows that among the six age groups 

represented in the catch, age group V constituted about 52.75%, followed by fishes of 

age group IV ( 24. 45%) and age group VI ( 17. 77%). The remaining age groups constituted 

5.02% of the population. 

Linear growth of A.mirabilis in Lake Bafa was found -co be expressed 

mathematically by using the following equation Lt= 28.10 (1-e-0 · 25 (t+
0

•
0245

)) 

The relation between total length (in mm) and total weight (in g) for 1812 

specimens of A.mirabilis was found to be curvilinear and was expressed mathematically 

by the formula log W= 3.09 log L-5.09018 (r=0.954). 

The theoretical equation expressing growth in weight could thus be written as: 
Wt= 289 _53 ( 1-e-0.26(t+0.0245))3.09 

In Lake Bafa, the spawning period of A.mirabilis is between April-May, and during 

this period water temperature changes between 15.5-21.8°C. The average numbers and 

diameters of the eggs during the spawning period are respectively in April and May: 

20129-1179.95 p and 20271-1217.19 P· 
Gonadosomatic indices (GSI) during the same months are for the females 9.554 -

5.440 and for the males 5.344-1.555 respectively. 

Maximum condition factor values of both males and females are observed during 

May (1.408; 1.524 respectively). It is possible that, this situation has a correlation 

with gonadal development during the spawning period. In the higher age groups, there 

are significant increases in the condition factors. 

As a result of these investigations data have been gathered as, these are 

schooling fishes, feeding as omnivorous, having pelagical or semipelagical habits, 

easily adapting themselves up to 15%o salinity, become mature in 2-3 years, immigrate 

to the small streams as big groups during spawning in April-May, having yellowish 

colored eggs and 1-1.2 mm in diameter, mature females produce about 20000 eggs, living 

about 7-8 years old snd in these ages grow to 27 em in length and 180 g in weight and 

Lake Bafa has a suitable habitat for developing of this species. 
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Plankton and Macrophyte Epibiota in the Fish Diet in a Brackish 
Lagoon near Alexandria 

Sh.-K. GUERGUESS 

National Institute of Oceanography and Fisheries, Kayet Bay. Alexandria {Egypt) 

Earlier investigations have shown the important role of the 

epiflora and epifauna attached to macrophytes in the ecosystem of the 

Egyptian delta lakes { Guerguess , 1979). The aim of this work was to 

investigate the relative importance of the phyto- and zooplankton and 

of the epibiota in the fish diet in El-Khobeyza basin of Lake Edku, 

east of Alexandria. 

Three positions located at an increasing distance from the feeding 

inlet of the basin were investigated for 12 months . Quantitative 

samples were taken from the !1lacrophyte epibiota and the plankton. The 

chloride content, the pH, dissolved .oxygen and phosphate were 

determined. The gut content of the four common species was sorted -",~d 
t~ species and their numerical frequency in the gut content 

determined. 

The water characteristics of the basin show a sharp gradient from 

the feeding inlet ( st .1) towards the inner basin (st. 2 and 3). The 
average chloride content rises from 0.6 to 1.19 g 1-1, dissolved 
oxygen (DO) from a low relative saturation of 34% to 102.1% and 
phosphate drops from 2.83 to 1.97 }J Ml-1. The rise in DO and the 
decrease in phosphate are caused by the development of a luxuriant, 

macrophyte vegetation around the inlet (Potamoqeton pectinatus). The 

phytoplankton standing crops also decrease along the same gradient 
respectively from an average 195 x 103 to 52 x 103 cells 1-1-
and from 71 x 103 to 38 x 103 organisms m-3. The macrophytes 
grow in a massive belt around the inlet, becoming sparse in the inner 

basin. The potamegeton leaves are densely covered with pinnate 
diatoms and among them few cyanophytes and chlorophytes, 146xl.0

3 
to 14xl0

3 

cell on each cm2 Mastoqloia ~ is leading ( 70-90%) followed 
by Nitzschia minutissima, !!· lanceolata, !!· subcohaerens, Bacillaria 

paradoxa, Navicula spp. and Amphora sp. 

The epizoa are more scattered 710 to 18 org. per 100 cm2. The 
rotifer Rotaria sp. is leading (10-75%) followed by Brachionus 

angular is, ~- urceolaris, Horaela brehmi, Lecane bulla and f!. 
closterocerca, together with nematods, oligochaetes, and 

occasionally, mosquito larvae and cladocera (Moina micrura, Bosmina 

longirostris). Epiphyte browsers consist of gastropods Melania 

tuberculata, Bulinus truncatus, Planorbis sp. and Lansites 

boltenianus. Of the four fish species in the basin two are browsers 

on the epibiota : Tilapia spp. and Mugil spp·, the two others, Clarias 

lazera and Anguilla •Julgaris are carnivorous predators. The gut 

content of Tilapia spp. consists mainly of epiphytic diatoms, 

Mastogloia smithii, but also epizoa : Brachionus calyciflorus and some 

cladocera. Mugil capite gut content consists also milinly of 

Mastogloia sp., Nitzschia spp., Navicula spp., but also of Euglenophytes 

and chlorophytes, nematoda and mosquito larvae. The exclusively 

planktonic species such as Cyclotella glomerata, Gymnodinium sp., 

Tholassiosira sp do not occur in the gut content of either species. 

The gut content of Clarias is mixed including small fish, shrimp 

mysis, phytoplankton (Synedra ulna, ~- barbatula, Nitzschia punctata, 

Gyrosigma sp.,Campylodiscus sp. , and others) and zooplankton { nematods, 

Cladocera : Bosmina longirostris, mosquito larvae) . Anguilla feeds on 

small fish. 
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Fish Populations in Lake Burullus (Egypt) - Ill.- Selective Feeding of 

Mugil cephalus and Liza ramada 

C.-F. H. HOSNY" and M.-T. HASHEM•• 

·oceanography Department, Faculty of Science, Alexandria University (Egypt) 
••National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

The food preferences and feeding patterns for different size 
groups. i.e. youngs-of-the-year (group I). yearlings (group II) and 
adults (group III). of Mugil cephalus and Liza ramada from Lake 
Burullus was studied using three methods of analysis. 

The volumetric method of RICKER (1941) demonstrated the 
feeding patterns of both species based on a high correlation between 
the existence of sand particles and the occurrence of foraminifera in 
the stomachs of the individuals under consideration. on one hand. and 
the amount of detritus vs. the availability of bottom animals such as 
molluscs and annelids. on the other hand. It should be mentioned. 
however. detrital particles in the stomach of mullets were not 
considered as prey since ODUM (1970) have proved that mullets utilize 
the organic fraction of the soft mud deposited in coastal lagoons and 
are able to concentrate them in their bodies by a factor of 100:1. 

The results suggest. therefore. that young-of-the-year h 
ramada feed in mid-water. while older fish eat close to the bcttom 
sear-ching for foraminifera and annelids among sand that co'!stitutes 
17.5% ·of the food ingested. While adult fish tend to feed in mid-water 
on epiphytic algae attached to the surface of hydrophytes. In the case 
of M.._ cephalus. on the other hand. young-of-the-year were found to feed 
near the surface. and as the fish grow older they tend to feed close to 
the bottom and scratching epiphytic algae adhered to hydrophytes. 

The numerical method of HYNES (1950) suggested the possible 
transform in the feeding habits of mullets in the lake. Thus 11.,_ 
cephalus was found to be strictly carnivorous as young-of-the-year and 
becomes omnivorous as adult. h ~- however. was found to be highly 
versatile in its feeding habits. the young-of-the-year were found to 
consume plant prey at a relatively higher level than animal prey. The 
year! ing fish. on the contrary. were found to consume more animal prey 
than plants. The situation is reversed again in adult individuals. 

The electivity index of IVELV (1961) demonstrated the 
selective behavior of the different size groups of mullets in lake 
Burullus. It was found that 11.,_ cephalus will prefer animal to plant 
matter. this is quite clear especially in the young-of-the-year 
individual. where strongly selective 
feeding of animal diet occurs. In the yearling and adult fish. however. 
the diet seem to be rather balanced. yet it is still deviated towards 
animal matter of the sedentary nature. suggesting that the individual 

of this species feed closer to the bottom as they grow older. Table 1 
showed that the amount of sand. detritus increase soundly in older 
individuals as they are accidentally ingested while the fish is seeking 
for its target animal prey. 

For h ramada. on the other hand. the diet is more deviated to 
the plant mat~er of the diet options. Even with regard to plant matter. 
selectivity is discernible with preference to Dinoflagellates. green 
and blue-green algae to diatoms. Moreover. adult individuals have much 
of a choice in their plant diet than young-of-the-year and yearling 
individuals. Yearling h ramada eats a larger variety of animal matter 
than the other size groups. this species have a positive selection to 
cladocerans. On the other hand. it is strikingly obvious that h ramada 
of any size does not at all feed on molluscs. nematodes. or ostracods. 

Electivity index of food items ingested by different size 
groups of M.,_ cepha 1 us and h ramada from Lake Buru 11 us 
during 1987. 

11.,_ cephalus h ramada 

Food Items Gp Gp II Gp III Gp I Gp II Gp III 

Diatoms -0.80 -0.77 -0.66 -0.41 -0.87 -0.87 

Chlorophytes -1.00 -0.66 +0.64 -1.00 -0.24 +0.67 

Cyanophytes -0.79 +0 .40 -0.10 -0.71 +0. 31 +0.14 

Dinoflagellates -1.00 +0. 76 -0.58 +0. 91 -1.00 +0.85 

Foraminifera -1.00 +0. 28 +0 .54 -1.00 +0.67 +0. 70 

Annelids -1.00 -1.00 +0.99 -1.00 +0.99 -1.00 

Cope pods +0.34 -0.39 +0. 11 -1.00 -1.00 -1.00 

Molluscs -1.00 +0. 99 -1.00 -1.00 -1.00 -1.00 

Nematodes +0. 99 +0. 98 +0.99 -1.00 -1.00 -1.00 

Ostracods +0. 79 +0. 70 -1.00 -1.00 -1.00 -1.00 

Cladocerans +0. 77 +0. 64 +0.64 +0.83 +0. 75 +0.63 
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Observations on Tilapia Fisheries in Lake Manzalah (Egypt) 
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Oceanography Department. Faculty of Science. Alexandria University (Egypt) 

Lake Manzalah has long been recognized as the most important fishery 
ground. among the N1le Delta lakes connected to the Mediterranean. 
Accord1ng to available catch statistics. its yield has progressively 
wcreased from 37 kg/feddan during 1920-29 to 70 kg/feddan during 1962-66 
to. ;;bout 260 kg/feddan ~n 1979-84. This increase in the total yield per 
un1 t area was mostly attributed to the improvement of the productivity of 
the lake as a result of the progressive increase in nutrient load 
discharged into the lake by various sources of agricultural and 
wastewater rich in nutrients (HOSNY. 1987). . 

Beside these quantitative changes. the 1 ake • s fishery was subjected 
to qualitative variations in its yield that were governed by changes in 
1ts wa-ter propert1es. thus during 1930-35 when the average salinity was 
24 mg/ 1. Lake Manza lah was pr1mari ly a marine-species-based fishery. when 
mullets. constituted about 80% of its landings. With the gradual 
freshen1ng of the lake water (average water salinity 8.3 mg/l during 
1963-65 to 2.4 mg/1 1n 1982). 1t was transferred to a til apia-based 
f1shery. Quantitatively. tilapia fishery in the lake has increased 
progressive:y both in terms of tonnage and percentage reaching about 
82.8% of the total yield of the lake during the period 1981-83. 

Although it is a common agreement that ti lapias constitute the major 
component of the fisheries of the lake. yet. their percP.ntage 
contnbut1on to the total catch varied widely according to the method of 
assessment used by different authors. In the present study ti lapias were 
found to constitute 77.8% of the Tahaweet catch and -72.3% of the Nasha 
catch. while in the catch of Balla nets they only constituted 61.7%. On 
the average t i 1 apias canst i tuted about 73.2% of the catch of the three 
nets used. The last mentioned figure fairly represent the actual 
percentage of tilapias relative to the total yield from the lake. since 
the catch of these three gears represent more than 75% of the total 
landed catch in the lake. 

Tilapia population in Lake Manzalah is composed of four species. 
viz.: Oreochromis aureus. Q.,. niloticus. Tilapia zillii and Sarotherodon 
galilaeus. The order of abundance of tilapia species was also found to 
vary according to the method of assessment. The present study proved that 
the order of relative abundance of the four tilapias by weight are as 
follows : 

0. aureus T. zillii 0. niloticus S. galilaeus 
20.8 Tahaweet 23.6 37.6 13.3 

Nasha 43.9 29.95 20.0 
Balla ~ ll...J! 24.7 
Average 34.4 33.2 16.5 

6.0 
6.9 
~ 

The averaging of this relative abundance. however. cancels the 
effects of gear selectivity and efficiency towards a given species or 
size. From the average. therefore. it is clear that 0. aureus and T. 
zi 11 i i were the most abundant in the 1 ake. The low percentage occurrence 
of ~ ni loticus and g... galilaeus may be due to the high rate of 
exploitation exerted on them in the last few year. being 0. 7534 and 
0.5345. respectively <HOSNY. 1987). Moreover, the reduction of the ~ 
niloticus stocks reflected on their catch could be explained on the basis 
of its reduced tolerance to low water temperatures (CHERVINSKY and LAHAV 
1976). During the present study. the lowest recorded water temperature 
was lOC and this is well tolerated by all of the four tilapias inhabiting 
the lake. However. massive kills of ~ niloticus were frequently observed 
in the early morning following very cold winter nights when temperatures 
I ess than 10C must have occurred. . 

On the other hand. the relative abundance of Q.,. ~and L zillii 
would be explained on the basis of interspecific superiority over S. 
galilaeus and Q.,_ ~· respectively. Q.,. aureus is dominating on the 
expense of g... galilaeus in a similar way as was found in Lake Kinneret. 
GOPHEN et al (1983) mentioned that this was due to the interspecific 
competition between the two species. both are mouthbrooders of 
comparative fecundity. and spawn during the same period. they have a high 
degree of niche overlap and both feed on phytoplankton. However. ~ 
~ have the advantage of being able to shift to zooplankton when 
phytoplankton is not available. Moreover. Q.,. aureus have a wider range of 
tolerance to salinity variations than g... galilaeus and is thus able to 
cope with salinity variations in the different zones of the lake. 

The preponderance of L.. zillii over~ niloticus is partly explained 
by the relative aggressiveness. both need species type of bottom and 
vegetation to live within (ITA 1978). but L... zillii is far more 
aggressive than Q.,. niloticus (CHEN 1976). Furthermore. L.. zillii is more 
euryha line. 
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Y-17 
Effect of Environmental Water Salinity on Toxicity and 

Bioaccumulation of Mercury in Tilapia zi/lii Gerv. 

Hamed Hamed SALEH 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

Laboratory experiments using the euryhaline fish Tilapia zillii Gerv living 

in fresh and saline water ( 30%.,) aquaria, polluted with high and low concentrations 

of mercury (as Hg 203 <;;1
2
), showed that the toxicity of mercury is mainly due to 

its bioaccumulation on the· gills, whether on the short or long term and this bioac

cumulation of mercury on the gills is higher for the fish living in saline water 
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than that living in saline water (Figures 2, 3 and 4). The danger of mercury is 
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probably due to its high adsorption and permeability into water organisms and 

so its quick disappearance form the water environment during few time which means 

that its concentration in the water is small and negligible while its content 

in the water organisms and sediments is considerably high (Figures 1, 2, 3 and 4) 

mainly when the aquatic enviro~ment is shallo\v and stagnant. 
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Y-111 
Anchovy and Sardine Eggs and Larvae on the Continental Shelf of the 

Ligurian Sea (1985-1989) 

Giancarlo ALBERTELLI, Norberto DELLA CROCE and Tecla ZUNINI SERTORIO 

Institute of Marine Environmental Science, University of Genoa, C.so E. Rainusso 14, 16038 S. Margherita L. 
(ltalia) 

Since 1985 the Institute of Narine Environmental Science is earring 
a research on the evaluation of anchovy (Engraulis enchrasicolus) 

and sardine (Sardina pllcardus) stocks by eggs and larvae method 
( Albertelli et all., 1988 ) . 

The areas of interest under study in the Ligurian Sea its 
continental shelf and a pilot area located in the Eastern Riviera 
( Gttiavari ) . 

Double-oblique hauls are collec-ted by sets of loongo plankton net at 
fixed stations located in the pilot area on Lhe continental shelf 

( between 40 - 200 m d"pth l. every fortnight. "ach time on each 
station trasparency of water, water coJumn temyeraLuL~e and weather data 
are recorded. Every forthnight, in the pilot area, currents are also 
recorded at the same station at 5, 45 and 75 m depths ( Fig. 1 ). 
Surface hauls are carried out seasonally, eve r~y ten miles, over the 
continental shelf in water about 100 m deep along the ligurian coast 
within 48 hours ( Fig. 1 ) . 
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FIGURE 1 - Sampling stations on the continental shelf of the Ligurian 
Sea and on the Pilot Zone off Chiavari. 

The preliminary rr~sulls have determiued L11e spawning time for 
anchovy as well as the fluctuations on t.IH" eggs And larvae /square 
metre ( Albertelli et all., 1988 ) . Sardine el(gs ami larvae are presenL 
through the years but discontinuously and with low density values. 

The biological data concerning 9JO samples ( Albertelli et all., 
1988 a; b; c; 1989) will be examined in relation lo some environmental 
parameters such as "trasparency, temperature on the water column and 
currents, as well as to weather conditions . Some data are presented in 
the Table 1. 

TABLE 1. 

E66S/SH LAR'IAE/SH SUf·TACE SECCHI DISK 
STATIONS nEANVALUEON IS HUIITHS MEANVALU£0N48NOtiTHS TEtiPERATURE lRAI<SPAREriCY 

ANCHOVY SARDINE OTHER TOTAL AIICHOVY SARDHI£ OTHER TOTAL ltl •c ltiHETRE 
FISHES FISHES HIIIIHUM MAXIMUM MINIMUM HA!IMUH 

17.61 1.13 31.33 50.07 27.98 3.91 69.81 I<J<),J8 12.5 26.1 44 

16.09 2.13 \1.34 59.56 '1.87 4.85 112.43 158.18 12.2 26.2 41 

l\.63 12.19 69.94 96.78 29.91 7.06 139.40 174.61 11.5 26.6 33 

8.62 10.17 62.71 81.71 24.86 5.26 57.64 86.44 1!.8 26.3 3.5 30 
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Y-II2 
Preliminary observations on the seasonal presence of Teleostean 

Larvae in the Tyrrhenian Sea 

Otello GIOVANARDI and Michele ROMANELLI 

!CRAP, via L. Respighi, 5, 00197 Roma (ltalia) 

Since July 1988 periodic ichthyoplanktonic surveys in waters around Sardinia as well as 
along the coast of Tuscany-Latium (orientatively from Viareggio to Gaeta) are being carried 
out in order to evaluate the year by year fluctuations of the local Clupeoid stocks. As the main 
target species are pilchards and anchovies. two main surveys covering all the mentioned area 
are carried out each year in coincidence with the reproductive peaks of these species 
(respectively early summer and autumn-winter). In the sector from Viareggio to Fiumicino 
(Rome), which has wider continental shelf in the northern part and seems to have higher 
density of fish eggs and larvae, supplementary surveys are carried out between the main 
surveys. 

In the latter area the sampling scheme is usually set in five 235° oriented transects 30 miles 
apart; along each transect the stations. are placed every 5-10 miles, from the coast line down to 
-500 m. Due to the limited extension of the continental shelf, which has been found by 
different authors as the main spawning area of sardines and anchovies, in Sardinia the 
stations are 10 miles apart along the 100 m isobath. 

Year round samplings (usually every 20 days) carried out at fixed stations 3, 5 and 10 miles 
off Fiumicino allow us to monitore the target species' reproductive season. 

Samples are anytime collected at sea by standard "Bongo 20" and "60" ichthyoplankton nets 
equipped with 236 and 335 micron meshes; the latter has been analyzed for the present 
purpose. Hauls are always carried out in double oblique, possibly down to 50-70 m, as is done 
also by the other working groups involved in similar research activities in different areas of 
the Italian peninsula. 

In addition to target species we lately start to identify, in our ichthyoplanktonic material, 
tsome other fish larvae. As it is well known the identification at the family level is usually 
simple (at least referring to post-larvae), while the same may not be true when closer 
identification is sought. On the other side, many species (e.g. ~ can be differenziated 
only when far ahead in their development, while most of our post-larvae are in the range 3-6 
mm in Standard Length. 

tiATB 
Alii!A 
Nm'TYPB 
SAMPUNO STATIONS (n,) 

MEAN FILTBRllD WATER (ml) 

3v4bl& pUcbatcbu (Walb.) 

July 1988 
Viarcgaio·Gacta 
Bonao 20+60 
3S 

88.S,:t.S4.7 

Su41D.Uaawiu. (Val.) 316(43.4) 
Bapaulb .a.cruiool~• L. 499 (2.9.0) 
Uiczwloma m!c:o.toma (IU .. o) 
Myctophum punelaEWD ltat. 
Myctophid• n.e.J.. 48 
Pvalopi1 C. GOrOJODOidOI R.iuo 5 
Lc.tld.iopt piCivdoapbytaoaoidu (Ri.,o) 
Bvorm.mnolla IMlbo (IU.uo) 
AraJUiW.form• a.o.i. 
Oaid.ropuna 1p. 
OlodJ.culq UJU.Le.UI 011icb. 
Micnxa...Ut\11 potauou (llial:o) 
Mcduc:d"" mclucc:iu• (L,) 
SpbyrMnt. 1pbyraua (L.) 
Mll&il•PP· 
Dica.ntzuchw. •P· 
SotrUUI c:&brlJ.t. (L.) 8 
Sonaausbtp&W.~(L.) 30 
Al:\bluaa~(L.) 
C.Uant.hiu nabw 
Scnnidu a.oJ. 
Paps pqN1 pqnu (L.) 
Pacclhuac:uno(JUIIO) 
Paa.UU• boprayeo (BNnD.) 
Dlp!odw 1p. 
Spuus a\ltala L. 
Sp&ridae o.e.i. 
Mllllu1 b&zbaws L. 
Traduma ua.cbunu (L) 
Trac:buru1 meditarranaus (Stdr.) 
Caranaidae o.a.i. 
Cepola macrophthal.ma (L) 
CoriJ julil (L.) 
Labrid10 n.o.i. 
Trac:hinua draco L. 
C:!liunymus :pp. 
Oymnammo4)1ol ckanUlu.~ (Rat.) 
Blannidaa JS.-.1. 
Oobildae n.a.L 
Pa:ropbidlou vauali (JW.1o) 
Sardaurda{Bloch) 
Thunn\11 .Wunaa (Boao.) 
AuUa rochei (IU11o) 
TinuuUdu n.o.i. 
Lopidopua cauduus (E~phr.) 

Scospaoaa porcn~a L. 
Trial• lucoma L 
Trialidu n.o.i. 
Chhuua linauatula (L.) 
Lopidorhombua whifflaaonia (Walb.) 
Am.oalouua latoma (Walb.) 
Amoaloa.a11a ke.t~lori (Schmidt) 
Amoal01au• thori (JCylc) 
Amo&Ioaus n.c.i. 
Sole. vu1aaria (Quc:n1el) 
Mictochiru.• varicaauu (Don.) 
Bualonidlum lutou.m (lli"o} 
Soleidao n.-.i. 
Sympbunn liaulaua (Cocco) 

247 
3 
14 
40 
2 . 
47 
1 
1 
1 .. ,,, 
2 
1 
2 
10 
2 
3 
9 

UNIDBNilPIBD 109 
TOTAL 2031 

• :includinJ apc.cim6DI from WP3 net 

Novcmbc:r 1988 Fobr.·March 1989 
Viarcagio-Piumic.ino Viarcuio-Ou:t& 
Bonao 20 Bonao 20 
31 37 

22.8,:t7.8 

56(69.9) 

3 
1' 

6 
73 

!6.0±.4.2 

80(26.9) 

19 
146 

( ): rite of coll~ted ew (all au.rvey) belonPna to !.he apec.iu {'II) 

TAB. 1 : UST OF FISH L.A.RVAE COll...ECTE.D DURING .S SURVEYS 

March 1989 
Sudinit. 

:~ngo 60 

76.1±.19.9 

2&7(51.7} 

9 
200 
2 

59 

"' 

September 19&9 
Viucagio-Fillmieino 

~~ngo 60 

87.4:t..23.9 

25 (1.9) 
100(16.2) 

5 
10 

11 
I 
1 

10 
I 

4 
6 
5 
33 

7 
19 

582 
II 

44 
9 

,. 
935 

Referring to table 1, it is worth noting that almost all of the larvae found in our samples are 
post-larvae and that the "unidentified" group mainly include larvae and postlarvae having 
high numbers of myomeres (30/45) and lacking special features such as spines,large 
fins,etc.,so they should mainly belong to taxonomic families such as Blennidae, Myctophidae, 
etc. The table shows clearly the high incidence both of eggs and larvae of ~ 
enqasjcholus , ~ ruui1Jl and Sardjna pjlchardus; Gobiidae and Sparidae are families 
much represented too. In Sardinia we can also note the importance of the sardine, followed by 
Gymnammodites cicerellus and Pagellus ~-
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Y-Il3 
Investigation on the Abundance and Distribution of Pelagic Eggs and 

Larvae of Teleost Fishes from lzmir Bay 

Savas MATER, Oguz UCAL and Murat KAYA 

Ege University, Faculty of Science, Department of Hydrobiology, Bornova lzmir (Turkey) 

Summary : '!'he data 0"1 t!oe abundance a.nd distribution of pelagic eggs and 

larvae of te1E'ost fishe<' collected in 198q !"rom !zT.ir Bay were evaluated 

and compared with " ;>revi.o:.~s (1979) i.nvestiEation.According to the 1979 

d3ta ; 42 different ':'eleos+- eg;c;s ar..d 34 larvae '.'!ere present in the pela

p:ic waters of 1zmir Bay; but today, these numbers are regressed to 27 and 

25 respectively. It is stronf,ly probable that, this regression stems :from 

gradualy Increas~ng pollution in the bay waters. 

Methods : ~~onthl~- samples were collected durinE; daytime :from 10 stations 

chos"!n according to their pollution in levels.'!'he :first 6 stations dis

play gradually decreasi ne; pollution levels :from west to east ,while the 

last IJ. stations have no poll1Jtion.The samples were taken with a UNESCO 

WP - ? Model plankton net having a mesh-size of 200 micrometers and a 

diameter o:f 0.57 meters. Vertical h'mls were made. 

Fig. Lo~:rt; on of E'tations. 

Results : The total material collected in 1989 is 17426 eggs and 304 

larvae ·62,?% of the eggs, 32,1% Rnd 28.% o:f the larvae belong to 

E!ggraulis encrasicholus , Sardina pilchardus and 'Gobius nig~,respec
tively.A qualitative reduction observed in the bay :from west towards 

east ::::hows that the breeding of the Teleost is under the influence 

of pollution.The richest stations both qualitatively and quantitati

vely are situated in the middle and western regions ,while eastern 

stations are quite poor;i.e,while eggs o:f only one species (E.encra

sir.holus) were collected from stations no.l,egg samples from 18 dif

ferent species were obtained from station no.7. The situation is same 

with respect to the larvae. Tn station no .1, post larvae of only E. enc

rasicholus is found while beginning from 2nd and 3rd stations,it be

came possible to :fi.nd G.nig~ larvae as well, 

Sompared with the 1979 period ; of that materiAl, 75,4 % of the 

total number of col1ected eggs (21473) belong to E.encrasicholus and 

6, 57 % to §.:_pilchardus.Number of eg[';s collected in the polluted zone 

(f'tation no:l-3) was 4756,belonging only to 5 different species. 

In station no .1 ,no eggR except those of E. encrasicholus are fo

und.Sample>O collected in 1-3 stationo; in 1989 belong to two species. 

The si t'..lation is similar in larvae ; two species in stations 1-3 in 

1 q79 and seven species in the same area in 1989 were found. 
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Seasonally, sprin!'; and summer oeriods are richer both qualita

tively and quantitatively than autumn and winter periods. '.Vhile in 

f'eptember And October ,R reneval is evident in ichthyoplankton corre

lated with temparatur". 
Summarily, the abun<tance and di>Otri but ion of the ichthyoplankton 

in the bay is mainly influenc-ed by pollution.The investigated two ye

arly periods ten years apart show that the increasing poJ lution in the 

tzmir Bay rectuced the speci.e>O number of Teleost fis'1es spawning in the 

region. 
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Y-II4 
Composition of Fish Larvae from the Gulf of Kisamos (Crete, Greece) 

in the periods of May and July 1989 

Christine PAPASISSI and Joseph LYKAKIS 

Section of Animal Biology, Department of Biology, University of Patras, Patras (Greece) 

The data of the present paper concerns with the composition 
of fish larvae collected in May and July 1989 from the Gulf of Kisamos 
(NW Crete, Greece). Zooplankton samples have been collected from five 
stations by using WP-2 (mouth diameter 57 em and mesh size 200 uml 
and Bongo (mouth diameter of each net 61 em and mesh size 500uml nets, 
in order to cover a wide range of larvae sizes. Double oblique hauls 
were applied at a speed of 2-2.5 knots. Flowmeters were attached to 
both nets. The average water volumes filtered through nets were 98 m3 

for each Bongo net and 87 m3 for WP-2 net. 
Identification of fish larvae was based on various sources 

(ABOUSSOUAN, 1964; BERTOLINI ET AL, 1931-1956; DEKHNIK and 
SINYUKOVA, 1966). In samples collected in May 23rd and July 29th 1989, 
the fish larvae of the Table 1 were identified. 

TABLE 1. Larvae per fish family identified in samples collected in May 
and July 1989 from the Gulf of Kisamos. The collection period for each 
larval species and the net type are indicated in parenthesis: M = May, 
J = July, B = Bongo and WP = WP-2 net 

F11MILY 

Blenniidae 

Bothidae 
Callionymidae 
Carangidae 
Cepolidae 
Clupeidae 
Gobiidae 

Labridae 

Mullidae 
Myctophidae 

Ophiididae 
Paralepididae 
Pomacentridae 
Serranidae 

Soleidae 
Sparidae 
Sternoptychidae 

Syngnathidae 

Synodidae 
Triglidae 

SPECIES 

Blennius gattorugine (M:B,WP), B. ocellaris (M:B-J:B) 
B. tentacularis (M:B), Blennius·sp. (J:B) 
Arnoglossus sp (M:B-J:B,WP) 
Callionymus lyra (M:B) 
Trachurus mediterraneus(M:B), T. trachurus (M:B) 
Cepola rubencens (M:B-J:B) 
Clupea sprattus (J:B) 
Gobius niger(M:B,WP-J:B,WP), G. minutus(M:B), 
Crystallogobius linearis (M:B,WP), Gobius sp 
(M:B-J:B,WP), G. paganellus (J:B) 
Coris julis (M:B-J:B,WP), Crenilabrus melops (M:B,WP) 
Labr1,1s bergylta (M:B), crenilabrus sp (J:B,WP) 
Mullus surmuletus (M:B) 
Ceratoscopelus maderensis (M:B-J:B,WP), Diaphus holti 
(M:B-J:B), Lampanyctus pusillus (M:B,WP-J:B) 
Ophidion barbatum (J:WP) 
Lestidium sphyraenoides (M:B), Lestidium sp (J:B) 
Chromis chromis ( J: B, WP) 
Dicentrachus labrax (M:B), Hepatus hepatus (M:B-J:B), 
Serranus cabrilla (M:B,WP-J:B,WP), S. Scriba (J:B) 
Pegusa !ascaris (J:B) 
Pagrus pagru»-(M:B-J:B), sargus sargus (M:B,WP) 
Cyclothone braueri (M:B,WP-J:B), Maurolicus pennanti 
(M:B-J:B) 
Hippocampus guttulatus (M:B,WP), Nerophis ophidion 
(M:B,WP-J:B) 
Synod us saurus ( J: B) 
Lepidotrigla aspera (M:B,WP) 

In samples collected in May using Bongo net 30 larval 
species were identified and 11 ones in WP-2 samples. 

The densities of fish larvae collected with WP-2 and Bongo 
net show differences in all sampling sites of the Gulf of Kisamos 
(Table 2). Higher densities were recorded in station 1 and 5 ( 45 and 
35 m in depth), and followed by densities in station 2 ( 300 m in 
depth). 

TABLE 2. Densities of fish larvae in samples of May 1989, in respect 
to plankton net and station depth 

STATION DEPTH BONGO-NET (DENSITY n 10m- 3
) WP2-NET (DENSITY n 10m- 3

) 

(m) IDENTIFIED UNIDENTIFIED IDENTIFIED UNIDENTIFIED 

Sl 
52 
S3 
54 
55 

45 
300 
.250 
230 

35 

5.13 
9.66 
2.03 
1.88 
13.28 

0.06 
0.05 
0.11 

2. 57 
1.82 
1.08 
0.52 
3. 57 

0.09 
0.08 

TABLE 3. Densities (n 10m- 3
) of dominant fish larvae in samples col

lected in May 1989. The numbers in parenthesis show percentages cor
responding to the total densities of fish larvae 

Sargus 
STATION sargus 

Sl 1.55(15.4) 
52 2.55(13.2) 
53 0.16(4.0) 
S4 0.72(19.1) 
ss 0.91(3.4) 

BONGO-NET 
Gobius Ceratoscopelus 
niger maderensis 

0. 7( 6.8) 0 •. 35 
1.8(9.3) 0.44 
0. OS ( 1. 3) 0.11 
0.05(1.3) 0.11 
10.3(38.9) 0.05 

WP2-NET 
Sargus Gobius 
sargus niger 

1.85(36.0) 0.39(7.5) 
0.79(21.7) 
0.82(37.5) 
0.40(4.2) 
1.06(14.9) 1.13(15.5) 

The sizes of fish larvae collected with Bongo net vary be
tween 4.5 to 7.0 mm and those with the WP-2 net between 3.0 to 6.0 mm. 

The large number of fish larval species and their low den
sities in the Gulf of Kisamos suggest an oligotrophic character of 
this ecosystem. Larvae of Myctophidae are encountered in all sampling 
sites, indicating an oceanic influence on the entire gulf. Abundant 
larvae of many fish species of commercial importance ( Sarqus sarqus, 
Oblada melanura etc.) have been sampled from the gulf. 

REFERENCES 
ABOUSSOUAN, A. , 1964. Contribution a 1 'etude des oeufs et larves 
pelagiques des poissons teleosteens dans le Golfe de Marseille. Rec. 
Trav. St. Mar. End., 32(48): 87-171. 

BERTOLINI,F., D'ANCOLA, U., MONTALENTI,G., PADOA, E., SANZO, L., 
SPARTA, A., TORTONESE, E. and VIALLI, M., 1931-1956. Uova, larve e 
stadi giovanili di Teleostei. Fauna e Flora del Golfo di Napoli, Mon 
38, 1-4, pp 1064. 

DEKHNIK, T.V. and SINYUKOVA, V.I., 1966. Distribution of pelagic fish 
eggs and larvae of the Mediterranean Sea. Part II. On the reproduction 
and ecology of larvae of Mediterranean Myctophidae. Issledovaniya 
Planktona Yuzhnykh Morey. Nauka, Moscow, pp 82-108 • 

Rapp. Comm int. Mer Medit., 32, 1 (1990). 

Y-II5 

304 

lchthyoplankton of the Egyptian Mediterranean waters_ Ill
Distribution and occurrence of Sphyraena Larvae 

H.-H. EL-RASHIDY and ·N.-M. DOWIDAR 

Oceanography Department, Faculty of Science, Alexandria University, Alexandria (Egypt) 

The present paper -entai 1 s results on the aounaance and 
distribution of Sphvraena larvae (§_. sphyraena and §__,_ 
chrysotaenia) recorded in the plankton samples collected 
seasona ll.v tram the S. E. 11edi terranean waters over l_ving the 
continental shell ott the Egyptian coast between longitudes 29o 
45' E and 33o 45 • E, throughout the period from Januar_v 1982 to 
October 1984. The study area extends from Agami to Ari sh and is 
divided into 12 section-s. The sections were from west to east : 
Agami (Ag.), Abu Qir (A.Q.), Rosetta (Ros), Burullus (Bur), 
Damietta (Dam.), Diba (Di), Gamil (Ga), Port Said (P.S.), Tena 
(Tn). Bardawil I, li (Brd.I, If), Arish (Ar.). With few 
exceptions 3 stations were sampled in each section representinf' 
inshore (< 50 m), middle (50- 100m} and offshore zones (> 100 
m). Plankton samples were collected usin!' an ichth.voplankton net 
of 100 em mouth .opening, 0.5. mm mesh size, fitted with a 
t lowmeter. in each sample the larvae of Sphvraena were sorted and 
counted, .the counts were converted to represent numbers/1000 m3. 
The 1 ength of the 1 arvae was measured to the nearest lmm. 

A total of 671 larvae of Sphrraena sphyraena and Sphrraena 
chrvsotaeni a were recorded in the pi ankton samples collected in 
summer and autumn cruises only, i.e. from Ju /_v to October. About 
64% of the total coil ected Sphvraena 1 arvae were recorded during 
August. The 1 arvae of .Ji: .. sphyraena were recorded during July and 
August, the length composition may indicate that the spawning 
probably begins during June or early July and ends in late August 
earl_v September. On the other hand, the length composition of fl.:_ 
chrysotaenia larvae may indicate that the breeding of this 
species extends to late October. The water temperature ranged 
between 24o - 29.5o C. , 

As shown in table ( 1) Sphyraena l.arvae were abundant in the 
inshore waters durin!( earl_v Jul.r and August. The highest densit_v 
(111 L./1000 m3) was recorded in the inshore water of Agami 
during August, while in October, the larvae were abundant in the 
middle 

Table 1: Avera.sre densit_v of total §__. sphyraena and 
§.e chrysotaenia larvae ( larvae/m3) in different 

/'1onth Inshore 11iddle Offshore 
--------------------------------------------------------
August 1982 10.4 
Jul.v 1984 13.3 
October 1984 4.5 

3.6 
4.2 

68.2 

0.1 
not recorded 
9.2 

Figure ( 1 A) shows the distribution and abundance ol the 
different size groups of: Sphvraena larvae during July. The 
distri.bution pattern durinli[ the beginnin.s< of the spawning season 
(July) indicates that the recorded larvae of Sphyraena represent 
a new brood where 67% of which were distributed in the inshore 
waters off Rosetta, Burullus and Arish. About 62% of Sphyraena 
larvae recorded, belong to S._ sphyraena and 38% belong to 

JL, .. chrysotaenia. -. 

.,. 
60 

40 

20 

40 

Inshore 
Size 'rouPI 

c:::J l·f mm 
(ZZ] 7a11 Jl 

IIDtt-15 " 
->15, 

Middle Offshore 

Octot.r 1' 81. C 

Figure 1 : Distribution and abundance of the different size 
groups of total Sphyraena larvae in the study area. 

During August (peak of larval occurrence; figure 1-B) the 
newly hatched larvae up till 7 mm represented 86 % of the larvae, 
and most of which were distributed in the coastal water of the 
area (from Agami to Arish). Ji, sphyraena larvae contributed 35% 
of Sphvraena larvae, the_v varied in length between 5 - 17 mm and 
were confined to the inshore and middle zones of the western area 
(Agami - Abu Qir). This finding agrees with Riskalla (1985) 
working on the fishery biology of these fishes who reported that 
s. sphrraena migrates towards the coastal water during the 

spawning season. The pattern of distribution of£.:.. chrysotaenia 
larvae during August (figure 1-B) indicated that the newly 
hatched larvae were abundant in the inshore and middle zones of 
the eastern area between Port Said and Arish, while during 
October (figure 1-C) about 94% of the recorded larvae represent a 
new brood and were common in the middle zones of the eastern part 
(Burullus, Damietta and Port Said) and also recorded in the 
offshore water. This is probably attributed to the sensitivity of 
these 1 arvae to the rapid changes in water temperature near the 
shore, thus moving towards the deeper water during the autumn 
where changes of temperature occur less rapidly (De Sylva, 1963). 
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lchthyoplankton of the Egyptian Mediterranean waters IV

Distribution and occurrence of Mullet Larvae 

N.-M. DOWIDAR and H.-H. EL-RASHIDY 

Oceanography Department, Faculty of Science, Alexandria University, Alexandria (Egypt) 

The seasonal and spatial a~stribution and abundance of 
mullet larvae and try along the Egyptian Mediterranean coast were 
studied during the period from January 1982 to October 1984_ The 
stations sampled and the study area are described by El-Rashidy 
and Dowidar (1990) in this volume. 

A total of 859 mullet larvae occurred in the ichthyo
plankton samples collected throughout the period of study. The 
larvae of Mugil cephalus and Liza saliens were observed in 
plankton samples throughout the period from July to November. As 
_judged from the length frequency of the recorded larvae, it mav 
be concluded that spawning of both species may begin during Jun'e 
and ends in late October - early November. The surface water 
temperature durin;r this period varied between 21.5o and 28.4o C. 
These results are in accordance with the spawning seasons 
determined for both species by various authors from the study of 
;ronad maturation (Ratail, 1968; Abdel Hamid, 1969; Youssef, 
1973). Fi;rure ( 1-A) describes the abundance and spatial 
distribution of the lar-vae of.!!..:. cephal us and b_ ~which 
revealed that they mostly spawn in coastal waters particularly in 
the eastern area (Burull us - Arish), at depths ranging from 20 to 
50 m, and a distance of 3.5 - 10 km from the coast. 

The larvae of: Liza ramada were recorded throughout the 
period from November to April, contributing about 94% ot the 
mullet larvae recorded during November- The length frequency of 
the larvae may indicate that the breeding of L. ramada begins in 
November and probably ends in March with the peak in late 
November to early December. The surface water temperature varied 
between 17.7 and 21.5o C. This agrees with the spawning time 
given by other authors ' working on the gonad maturation of the 
fish (El-Sedfy, 1971; Youssef, 1973; El i'faghraby !!~• 1974). 
The pattern of distribution of L. ramada larvae (Figure 1 :B & C) 
shows that the small larvae up till 7 mm were dominant in the 
offshore and middle zones. This indicates that ..f..,_ ramada spawns 
at a distance of 15 - 27 km from the coast covering depths from 
about 50 to 200 m, during November and December. At the end of 
the spawning season in February, the larger try (19- 29 mm) were 
recorded in the coastal waters of Damietta and El-Diba, i.e. 
attracted to shallower depths at drain out lets and estuaries with 
relatively lower salinities. Our study reveals that.!:!...·. cephalus 
larvae were less abundant than those of L. ramada; the later 
species constituted about 90S of all mullet 1-;;rvaerecorded. Such 
depletion of .!1:_ cephalus larvae may be attributed to the 
intensive fishing of these larvae for raising in fish farms. 
Approximately 20 million try are collected annually from the 
coastal waters ad.ioininl( fresh and brackish water outlets 
particularl.v from El-Mex area. This process, in addition to 
fishing of the sexuall.Y mature fish during their spawning 
migration trom the delta lakes to the sea, has undoubtly 
exhausted the mullet stock in the Egyptian Mediterranean waters. 
Purther more the increasing rate of pollution of the coastal 
waters particularly in the areas of larval attraction may affect 
the larval occurrence. 
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The Development Rates of European Pilchard (Sardina pilchardus 

Walb. 1792) Eggs 

Bulent CIHANGIR 

Dokuz Eylul University, Institute of Marine Sciences and Technology, P.O.Box 478. 35213 lzmir (Turkey) 

Using a Bongo-Net, pilchards eggs were collected at the peak of the 
spawning in lzmir Bay in February 1990. The eggs were roughly seperated from plankton 
on board and transported to land laboratuary as soon as possible in 6°C. The eggs were 
sorted according to the1rs stages under dissecting microscope in the laboratuary. The earliest 
staj?:eS were lb 2 taken to three different temperature regimes (13- 16- 19 oc ). It was 
esumated that the spawning time of pilchard is between I900 and 2100 hours (PEREZ and 
RODRIGUEZ, 1988 ; CIHANGIR (in prep.) ). Eggs have been sampled during twilight 
(1600- 1900 h.), the sea water temperature was 14 °C at 20 meter depth. It was assumed 
that you~gest captur;d e_ggs were 15; 18 hou;s old. In laboratuary experiments, hatching 
occured m 75 hat 13 C. m 60 h at16 C and m 55 hat 19°C (Fig.1) (the incubatores were 
r19"~~l~ed to 0.5 - l.OoC during the experiment). These results are proximate to RUSSEL 

Stages description were adapted from MOSER and AHLSTROM (1985) and 
ALBEIT et al. (1987). 

AGE I hours) 

Figure 1. Development rates of pilchard eggs under different temperature regimes. 

Various stages of pilchard eggs. 

Description of Stages 
Ia 1 From fertilization to 64-cell stages. 
Ia 2 Formation of the blastodisc. 
Ia 3 Formation of the blastodisc as a Jense. 
Ib 1 Progression of blastoderm until yolk is covered up by 1/2. 
lb 2 Progression of blastoderm until yolk is covered up by 3/4. 
III Progression of blastoderm until yolk is covered up by 3/4, blastopore open. 
II 2 Blastopore closed. The head region of the embryo apparent. 
ill 1 Tail starts to seperate from the yolk. The length of the free tail is smaller or 

equal than 1(2 the head length. 
ill 2 The length of the free tail is greater than 1(2 the head length. 
IV The tail extened 1/4 the length of the yolk sac. 
V The tail extened 1(2 the length of the yolk sac. 
VI The tail length greater than 3/4 of the length of the yolk sac and hatching. 
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Early Life History of Anchovy in Catalan Coast (NW Mediterranean) 

Isabel PALOMERA 

lnslilulo de Ciencias del Mar, P. Nacional, sin. 08003 Barcelona (Espana) 

Twelve lCthyoplankton cruises were made over the continental shelf of the 

catalan coast of Spain between 1983 and 1985 in order to determine the distribution 

and abundance of anchovy <~ ~) eggs and larvae. and other aspects 

of its early life history. 

The results of this study have shown that there are two mal n spawning subareas 

in the sampling area: one at the north, influenced by the Golfe rl.e Lion 

hydrographic conditions, and the other at the f;Outh, as~.ociated with the River Ebro 

delta. The maximum densities were found on the shelf break associated with a 

shelf-slope hydrographic front <Font et al., 1988). Related to the temperature 

cycle, the duration of the spawning period shows differences in both areas, being 

shorter in the north than in the south, with peak in both subareas occurring in 

June. The spawning starts approximately at 13.5 ·c but it gets intensified between 

18-22 ·c; finally wben the water temperature decreases the spawning gradually 

stops. On the north spawning subarea this decrease is faster than on the south one 

determining shorter reproductive periods. 

In spite of a large reproductive per·iod on the south area the total egg 

production, in 1983, was higher on the north with a value of 44669.7 x 10 :• against 

35077.5 x 10~ on the south. 

The vertical distribution analysis denotes that the maximum egg and larvae 

abundance were located above the thermocline specially in very stratified water 

conditions. Spawning occurs at depths between surface and 10 m. Small larvae (2-4 

mm SL) were founded over the same depth range than eggs, while bigger ones 

scarcely located with a marked concentration between 10 and 30 m depths. Diel 

vertical migrations were observed on larger larvae <from 10 mm SL) which 

situated near surface ·during the night but migrate to deeper waters <30 m) during 

day time. 

Related with larval feeding it seems to be a contradiction between th.::: lo::~vels 

of maximum productivity (high chlorophyl> and the distribution of larvae, mainly in 

zones where anchovy larvae are :most abundant. Nevertheless, the main components of 

the food of other clupeaid larvae <Blaxter & Hunter, 1982> such as dinoflagellates 

ond copepod eggs and nauplii are distributt?d. in we:::. tern r1edi tPrr":;~n~:"on hPtwt•'-"n 

surface and 50 m CMargalef, 1985) as shown for anchovy lar-vae. 

A growth model far larval anchovy in their natural environment was established, 

ba!?ed on the analysis of daily growth inCrements in the otoliths \Palo.mera et ol., 

1988). The Gompertz growth equation suitably describes the growth of thls spo2cie?. 

in a length range of 3 to 23 mm. A instantaneous growth rote of 0.9 mm d 

calculated for 8 IIllil. larvae at a temperature of 20 ~C; that mean·::; that the ],"l.rva 

ateint a 10 Dllll length in eight days from first feedlng. 

Mart_ality rates were calculated from the decline in abun·jan•:.e of ar1c.hovy lor-val':" 

through succesi ve age-classes within the peak spawning month::; of the ~hree years, 

and egg production and mar tali ty rates compared between the two r:~p,=1wni n;:, :=;u bo.re3.s 

and among years CPalomera and Lleonart, 1989). Mortality rat1::~:::; r:':lngeJ from 0.17 J:o:-, 

0.58. Mortality was higher Jn 1983 than in 1984 and 198-5, •:.o.i.nr:·iding with tl high 

production of anchovy eggs in that year. In general, morta.l i ty at thE.· north.,rn 

spawning area was lower than at the southern one. It seems thrlt the fJrofi. L:.. of 

exploiting the production over a narrower time pE!riod assures J-.dgher larvae 

survival on a more unstable area. 
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Observations ethologiques et etude des oeufs et larves de Poissons 

J. VOSS, S. HAVE LANGE, A. LECLOUX, Ch. MICHEL el 0. TERAO 

Unite de recherche en Ethologie Marine (Service d'Eihologie el Psychologie animales), Aquarium Universilaire de 
Liege 22, quai Van Beneden, 4020 Liege (Belgique) 

L'etude de l'ichthyo-plancton peut avoir une importance considerable notamment comme indicateur 
halieutique tant sur le plan qualitatif que sur le plan quantitatif. Cest pourquoi il est etonnant de constater 
le tres petit nombre d'especes de poissons dont les stades larvaires sont effectivement bien connus. Selon 
ABOUSSOUAN, sur les 571 especes de poissons teleosteens mediterraneens recenses, seuls les stades 
larvaires de 117 especes sont relativement bien connus. n est en effet tres difficile de comprendre 
!'evolution des larves de poissons au depart de captures planctoniques. 

Notre demarche pour tenter une meilleure connaissance des oeufs et des larves de poissons de 
Mediterranee est essentiellement une demarche ethologique. En effet, interesses depuis de nombreuses 
annees par !'etude des particularites comportementales des poissons des milieux cotiers rocheux, nous 
avons acquis peu it peu une bonne connaissance des modalites du comportement de reproduction, des 
structures sociales, de Ia communication intraspecifique et du comportement parental des diverses especes, 
principalement de Labrides, Serranides, Gobiides, Blenniides, mais aussi de Scorpaenides, Trachinides et 
Bothides. 

Notre approche du probleme comporte 2 phases : d'une part, griice a Ia connaissance acquise des 
modalites de Ia reproduction, nous capturons in situ, en plongee sous-marine, immediatement apres Ia 
fecondation, des oeufs de l'espece etudiee et nous observons leur developpement en aquarium a circuit 
ouvert. D' autre part, nous recherchons au niveau de Ia baie de Calvi, par differentes captures 
planctoniques effectuees a partir de Ia periode d'eclosion des oeufs, les larves et les comparons aux 
observations realisees lors de Ia premiere phase (nous pouvons egalement capturer les poissons mOrs et 
travailler par Ia methode de fecondation artificielle). . 

Dans les cas des Labrides et des Serranides par exemple, nous avons une connaissance precise de Ia 
periode de reproduction, de !'inference du rythme nychthemeral et de divers autres parametres des 
modalites de Ia parade, du moment exact oil a lieu le rapprochement des sexes et Ia fecondation, des 
particularites du cycle parental et du moment de I'eclosion. Pour chacune des especes observees, nous 
sommes done en mesure de prelever, avec certitude quanta Ia determination, !'ovule feconde et d'observer 
!'incubation en laboratoire et de tenter de prolonger Ia survie des larves (elevages de Brachionus ou 
Anemia par exemple). Au depart d'un meme lot, il est done possible d'etablir une serie de stades de 
reference du developpement de l'oeuf ou de Ia larve et de tenter de verifier le "devenir" de ces oeufs en les 
recherchant dans Ies captures planctoniques. Pour les Labrides, par exemple, un tel travail devrait lever un 
voile sur !'evolution et les deplacement des larves pendant leur stade pelagique puis de les suivre des leur 
"retour" a Ia vie semi-benthique. 

Notre travail, commence recemment, a surtout conceme les especes des genres Symphodus, Coris et 
Thalassoma (poissons Labrides) et Serranus scriba (poisson Serranide). 

A titre exemplatif, !'etude deS. scriba (ponte pelagique) s'est deroulee de Ia maniere suivante. Nous 
avons pu mettre en evidence les modalites de Ia reproduction deS. scriba (Lejeune, Boveroux et Voss, 
1980). Celle-ci a lieu du mois de mai a septembre, dans l'heure qui suit Ia tombee du jour. A pres des 
parades tres longues mettant en presence deux poissons de taille identique, Ia ponte s'effectue 
soudainement au tenne d'une ascension fulgurante en pleine eau (1 a 3 metres). Au sommet de cette 
"montee", le poisson qui emet Ia laitance rattrape celui qui emet les ovules, s'enroule autour de ce demier. 

C'est a ce moment que les produits genitaux sont expulses. Aussitot, les 2 poissons redescendent. 
L'ensemble de cette sequence dure moins d'une seconde. L'observateur-plongeur passe aussitot une 
epuisette en filet a plancton a l'endroit concerne puis l'introduit dans un sac de plastique que l'on fenne 
soigneusement et que !'on ramene au laboratoire. 

Figure 1 
Poore et Ftconda!ion de Serra!IJlS scriba. observo!e le 29 mai 1989 au-<lessus de lberbier de Calvi, par -14 m vers 20 H. 

L'etude d'un poisson dont Ia ponte est demersale est Jegerement differente. Ainsi, it titre d'exemple, 
!'etude de Symphodus roissali comporte !'observation precise des diverses phases d'un cycle de 
reproduction. Pour rappel, Ia periode de reproduction dure 5 semaines, de mars a mai. Elle comprend pour 
un meme male une moyenne de 5 cycles de reproduction. Chacun de ceux-ci comportant I phase de 
construction du nid (2 a 3 jours), I phase de ponte I fecondation (2 jours) et I phase de ventilation des 
oeufs (± 3 jours) (Michel et Voss, 1982; Michel, Lejeune et Voss, 1987).C'est au debut de Ia phase de 
ventilation que le nid, ou une partie du nid, est preleve et portt! en laboratoire. 

En conclusion, Ia connaissance ethologique des poissons et leur observation en milieu nature! perrnet 
de prelever, immediatement apres Ia ponte, des oeufs dont Ia determination est certaine. Des techniques 
aquariologiques penneuent leur observation pendant Ies premiers jours qui suivent l'eclosion. Les 
observations ainsi obtenues devront etre confrontees aux prelevements classiques afin· de mieux connaitre 
le "devenir" des oeufs et larves en milieu nature!. Une telle technique est applicable a Ia majorite des 
especes a reproduction cotiere. 

Independamment de !'apport precieux pour le systematicien et les etudes planctonologiques, ces 
donnees devraient perrnettre de clarifier le cycle vital de ces especes, de mieux connaitre cette phase du 
cycle et de solutionner bien des enigmes eco-6thologiques relevant de Ia dynamique des populations, de 
!'adaptation a !'habitat et des strategies de reproduction en general. 
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Beaucoup de familles de poissons epibenthiques ou benthiques ont 

stade larvaire totalement pelagique. A !'approche de la 

metamorphose, les larves vent coloniser le substrat pour recruter dans 

les populations installees. 

Il est tres difficile d' etudier in situ cette colonisation 

larvaire car, d'une part, il s'agit d'animaux relativement peu 

abondants comparativement au reste du meroplancton, et, d'autre part, 

1' interface entre le milieu benthique ou vi vent les communautes 

instal lees et la colonne d' eau d' ou proviennent ces larves est 

extremement etendue. 

Pour palier a ces difficultes, nous avons etudie ce phenomeme 

dans un milieu dent 1' interface pelagosjbenthos est relativement 

etroite. Nos travaux se sent deroules sur un recif insulaire, ou nous 

avons observe le passage des larves au niveau du front recifal. Cette 

zone est une frontiere naturelle entre 1' ocean et le milieu lagonaire 

puisqu' elle represente la partie la plus externe du recif ceinturant 

1' ile. Par ail leurs, la faible profondeur du front (<1m) provoque le 

deferlement des vagues oceaniques donnant un afflux permanent d' eau 

vers le lagon. La colonisation du milieu lagonaire par les larves 

oceaniques se fait done obligatoirement en franchissant cette zone. 

L'echantillonnage a ete realise en posant un filet a plancton 

rectangulaire sur le substrat recifal a fin qu' il receive le flux d' eau 

provenant des vagues deferlant a quelques metres en avant. Il 

fonctionne ainsi comme un echantillonneur p3ssif en eau courante. Nous 

avons realise, de cette fac;:on, des series de prelevements selon des 

cycles nycthemeraux et lunaires afin de voir quelles sent les reponses 

larvaires aux variations jourjnuit et a la presence de la lune. 

Nous presentons ici les resultats obtenus sur des familles de 

poissons vivant en Mediterranee, notamment les Callyonimidae, 

Labridae, Blennidae, Scorpaenidae et les Gobiidae. 

Entre 1988 et 1989, 10 cycles d' echantillonnage sur 24 heures et 

5 nuits completes ont ete realises, ainsi que 3 cycles lunaires, a 
raison de 2 demi-nuits (18h a 24h) par phase lunaire. Les resultats 

obtenus montrent tres clairement le role de l'alternance jourjnuit sur 

la colonisation recifale: les larves ont des abondances dix a cent 

fois plus importantes apres la tombee du jour. Ce phenomene a ete 

observe sur 18 mois d' intervalle et sur des iles eloignees de pres de 

mille kilometres. Aucun auteur n' avai t auparavant observe un 

comportement nocturne aussi marque pour une colonisation recifale. Il 

faut aussi mentionner a ce propos que les abondances larvaires sent 

tres fortes des le crepuscule, et qu' elles peuvent persister toute la 

nuit. 

L'eclairement lunaire semble avoir une influence negative sur 

1' arrivee des larves au niveau du recif: les abondances sent toujours 

plus fortes pour les nuits proches de la nouvelle lune que pour celles 

de pleine lune. on observe meme que lors des premiers et derniers 

quartiers lunaires, les larves sont plus abondantes durant les 

periodes nocturnes ou la lune est absente. 

ces deux influences, solaire et lunaire, semblent prevaloir sur 

!'ensemble des autres facteurs environnementaux. En revanche, il est 

certain que les facteurs biotiques, lies par exemple a la presence des 

banes de larves et a leur etat de developpement, conditionnent 

premier 1 ieu 1' existance ou non de colonisation sur le recif en un 

temps et a un endroit donne. 

Nous avons egalement montre que ce conditionnement donne des 

reponses differentes selon les familles, voir meme selon les 

differentes especes d'une meme famille habitant un meme lieu. En effet 

si les Labridae, Scaridae et Gobiidae presentent une abondance 

particulierement forte pleine nuit, les Blenniidae semblent 

coloniser le front uniquement lors du crepuscule, avant la nuit 

complete. ceci etant plus vrai pour certains genres que pour d'autres. 

Les Callyonimidae semblent egalement debuter leur colonisation au 

crepuscule, mais avec une plus grande variabilite. 
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Identification of fish larvae is a difficult task,because body propor
tions and p1gmentation may change considerably in the course of the lar
va 1 deve I opment. 
In this paper we suggest a key of 278 fish larvae species ·:·f the Medit
erranean Sea. dea 1 ing with modern relational databases. The fi!·st key of 
this form concerns 126 species of fish larvae of the Northeast Atlantic 
{FROESE and PAPASISSI, 1989). ·, 
Tne commercia 1 software package DataEase 4. 0 was used for the data
base.Modern relational databases provide features like choice 
fields(only one choice from a list of predefined entries is allowed for 
a field) ,query-by-:fol~ms(very user-friendly way of searching) and graph-
1cs.Ab.Jut 80 descr1pt1ve. meristic and morphometric characters of pust
larvae have been defined as useful for identification. The data in the 
fields are taken from the 1 i terature. ~11 measurements and characters 
used. in the database were extracted fl-om drawings and descriptions pro
Vldec by the f•)lJowJCJg autLorso ABOUSSOUAN 1964, AHLSTROM 1984. BERTO
LI('!! et all 1931-56. 
The test Gf this dat.abase identification system was conducted with lar
vae sampled. in the Gulf of Kissamos(Krete 1988-89) and pre-identified 
by C.Papas1ssi.The results have prooved that.all larvae could be iden
tified by using a few characters and can be summarized as follows, 

All larvae could b.o identified by using all measurements and 1-4 cha
racters. 

- Some identifications were performed with 1 to 4 morphometric charac-
ters and with 1 to 5 descriptive ones. 

The proposed strategy for searching is the use of 7 measurements,with 
some range and then if necessary, the proceeding with additional char
acters. 
An example from the tested larvae follows. 

Species Characters used Possible species 

Bler.nius ocellaris all measurements 23 
Blenniidae strikingly large pectorals late 3 

ventral row on tail 2 
additional descriptive characters 1 

strikingly large pectorals late 
ventra 1 row on· ta i 1 
additional descriptive characters 

Th.; results demons !orate that this database identification key has 
remarkable advantages over traditional identification keys,because the 
identification can be succeeded quickly by using the morphometric char
acters and some descriptive ones. instead of searching for uncertain 
characters. 
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Y-IIIl 
Recherche fondamentale et Etudes d'lmpact : vers un Plan General 

d'Utilisation Rationnelle de I'Espace Littoral 

Denise BELLAN-SANTINI et Gerard BELLAN 

Station Marine d'Endoume, Rue de Ia Batterie des Lions, Marseille (France) 

En regle g€merale, une etude d' impact a pour but, a partir 
d'un "etat des lieux". de mettre en evidence ce que pourrait E\tre 
l'effet d'un amenagement sur le milieu considere . 

Elle a un caractere previsionnel et doit envisager des 
solutions concretes susceptibles de remedier aux nuisances 
previsibles. Elle peut aussi etre conduite tout expres pour 
remedier a des nuisances deja provoquees et observees. Elle a le 
plus souvent un caractere local et alors seul un site ou un 
amenagement specifique est envisage .. La protection et la mise en 
valeur du milieu marin, tant en terme de respect de la qualite de 
ce milieu qu' en fonction des inevitables contraintes liees aux 
activites humaines et a leur accroissement, necessitent parfois que 
l'on prenne en compte simultanement un plus grand nombre de sites 
et d' amenagements (preexistants ou envisages) . Cela conduit a la 
notion de schema de mise en valeur du milieu marin, ce, quelle que 
soit la terminologie -plus ou moins dissimulatrice- utilisee. Il 
s. agi t alors de proposer' a grande echelle. des solutions 
conciliant protection du milieu et activite humaine . 

Pour ces etudes, il faut tenir compte de 1' ensemble des 
donnees scientifiques disponibles, sur le_ milieu littoral 
(courantologie, sedimentologie et geochimie des sediments, 
bacteriologie, nuisances et rejets polluants -domestiques et 
industriels- en mer, etat des peuplements marins benthiques -en 
particulier- etablis sur substrats meubles et solides, herbiers, 
etc ... )." C'est de la valeur de ces donnees scientifiques, de leur 
densite ainsi que de la connaissance des correlations existant 
entre elles que dependra la pertinence de 1' etude d' impact et des 
divers plans d. amenagement. 

un probleme de ce type a ete recemment pose aux auteurs par 
une administration ·nationale agissant dans le cadre d'un 
departement fran<;;ais: les Bouches du Rhone. Le secteur maritime 
concerne s'etendait de l'est de la baie de la Ciotat a l'embouchure 
du Petit RhOne, vers l'ouest, sur environ 200 km. 
L' etude avait la definition et les buts suivants: 
A partir "des differents types d'urbanisation (urbanisation diffuse 
ou dense sans industries, urbanisation avec industries legeres peu 
ou non polluantes, urbanisation avec industries) . et avec les 
anenagements subsequents lies a ces types d'urbanisation ( ports, 
terres-pleins, plages, artificielles, etc ... ), il fallait 
effectuer: 

-une estimation des types de pollution ou nuisances lies au 
developpement des differents types d'urbanisation. Eventuellement, 
faire des suggestions sur les modalites de reduction des nuisances 
et des rej ets en mer. 

-une estimation des effets probables de ces nuisances sur le 
milieu marin vivant (faune, flore, communautes, mariculture, 
ej:c ... ) 

Dans une premiere etape, l' etude a permis la creation de 
fiches et de cartes tres precises synthetisant l' ensemble des 
donnees par secteurs geographiques physionomiquement homogenes, 
conduisant a la delimitation, vis a vis de l'urbanisation • de 
trois grands types de zones: 

1- Zones a proteger imperati vement. 

2- Zones urbanisees ou susceptibles d'urbanisation, correspondant 
a des noyaux urbains preexistants pour lesquelles des tentatives de 
rehabilitation du milieu devraient etre systematiquement 
entreprises. 

3- Zones intermediaires susceptibles d' accepter une urbanisation 
strictement reglementee et surveillee, pour lesquelles la 
rehabilitation du milieu devrait E\tre un imperatif absolu. 

Dans une seconde etape, un tableau a caractere synthetique 
a ete•dresse. Pour cela un recensement complet des differents types 
d' amenagement a ete realise. pour chaque type d. amenagement les 
di verses formes de nuisances, directes et indirectes, ont ete 
repertoriees et l' impact sur le milieu marin de celles- ci a ete mis 
en evidence et circonscri t. 

Par la suite, il serai t interessant d • evaluer selon 
echelle qui pourrait E\tre chiffree, le niveau compare de ces 
nuisances et le degre de 1' impact sur le. milieu marin. Les 
evaluations chiffrees permettraient une approche globale du 
"risque" ecologique et pourraient servir en particulier aux 
"decideurs•. Les auteurs mesurent toute la difficulte de 
1' etablissement. forcement emp~n.que. de telles echelles qui 
devront avoir une valeur depassant largement le cadre local et qui, 
pour cela, devront etre testees longuement sur le terrain avant 
leur emploi "en routine" Une telle mise au point, suivie d'une 
periode de mise a l' epreuve exigent une tres large concertation de 
specialistes d' ores et deja sollici tes. 
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La France, en 1976 puis les Etats Unis en 1977, ont ete les premiers pays a 
introduire une reglementation nationale pour !'evaluation de !'impact. 

Ulterieurement, en 1985, Ia CEE, apres un debat long et approfondi, donhait 
des directives fondees sur le principe de !'evaluation preventive de l'environnement integree 
dans le processus de developpement. Ces directives, acceptees par les Etats membres en 1988, 
ont rendu obligatoires les Etudes de !'Evaluation de !'Impact sur I'Environnement (E.I.E.) pour 
un grand nombre de projets concernant l'environnement aquatique et, tout particulierement, 
l'environnement marin. 

L'ltalie a mis officiellement en oeuvre les Etudes d'impact (Valutazione 
d'lmpatto Ambientale) a Ia suite des Decrets pris en Conseil des Ministres du 10/8/1988 et 
du 27/12/1988. Ces Decrets ne fournissent de regles techniques pour Ia mise en oeuvre des 
Etudes que pour les projets pris en compte dans I'Annexe I de Ia Directive CEE de 1985. 

En fait, plusieurs Regions italiennes avaient deja introduit, de leur propre 
chef, les Etudes d'lmpact tant dans les Plans Regionaux d'assainissement des Eaux que dans les 
Programmes de mise en oeuvre des Reseaux d'assainissement des Villes. Dans ce cadre, on est 
passe, au cours des annees 1970-1980, des premieres Etudes d'lmpact (E.I.) en milieu 
marin dans Ia Baie de Muggia (Trieste), dans Ia laguna d'Orbetello (Livourne), a Porto Torres 
et a Portoscuso (Sardaigne), a Augusta (Sicile) a de veritables etudes de !'Evaluation de 
!'Impact sur I'Environnement (E.I.E.) en suivant les normes officielles. 

II s'agit, notamment, de E.I.E. en mer pour des projets de rejets urbains des 
villes de Catane et Palerme, confies a ltalispaca S.A., une Societe du Groupe IRI-ITALSTAT. On 
peut y ajouter les premieres Etudes de faisabilite pour les Reserves marines (Loi no 
979/82) confiees par le Ministere de Ia Marine marchande a un Groupement d'Universites et 
ayant pour objectif Ia redaction du Plan reglementaire et de gestion des Reserves marines, 
parmi lesquelles les lies Pelagiennes et I'Archipel Toscan. 

Selon Ia reglementation italienne, dans Ia mise en oeuvre des E.I.E. en mer, il 
faut contr61er Ia compatibilite organique du projet : 

a)dans le cadre de reference de Ia programmation regionale ; 
b)dans le cadre de reference du projet general ; 
c)dans un cadre de reference environnementale au niveau de l'ecosysteme, 

integre par des correlations entre les composants biotiques et abiotiques et le developpement 
des activites humaines. 

Pour ce qui concerne I'E.I.E. en mer des rejets industrials et urbains des villes 
de Palerme et Catane, le cadre de reference environnemental est constitue par les vingt grands 
secteurs c6tiers entre lesquels Ia Sicile avail ete prealablement partagee. Pour chacune de ces 
regions, on a analyse les composants et les facteurs environnementaux en etablissant des 
cartes tMmatiques, des etudes statistiques a partir des donnees historiques, des analyses 
biocenotiques, sedimentologiques, chimiques, physiques, des mesures de productivite et de 
production phyto-planctonique. Tous ces resultats ont ete evalues en terme d'Ecosysteme. 

Les etudes particulieres de site affecte a Ia decharge de rejets, conduites 
pendant 12 mois, concernant : 

1 )I' atmosphere (meteorologie, anemometrie); 
2)1es eaux (hovlographe, courantometrie, chimie, physique et bacteriologie); 
3)1e substrat (bathymetrie, morphologie, sedimentologie, geotechnique, 

magnetometrie); 
4)1a flore et Ia faune (analyse bionomique, descripteurs-indices-environ

nementaux, cartographie/biocenotique, photographie et cinematographie) ; 
5)1es ecosystemes. 

Dans !'evaluation analytique de chaque impact et de !'impact global du projet, 
!'utilisation de supports cartographiques permet de synthetiser les resultats de !'analyse. 

Cette methodologie est accompagnee par le releve des effets du projet sur 
l'environnement en utilisant des descripteurs (indices) exprimant de fa<;on synthetique 
l'ampleur des modifications sur les ressources du site et qui, en mtime temps, mettent en 
evidence les effets supplementaires qui pourraient se realiser. 

L'information provenant de !'elaboration de parametres varies et, parfois 
complexes, mesures etlou estimes, elaboration aussi detaillee et complete que possible, est 
indispensable pour satisfaire aux exigences des procedures administratives. 

Dans I'E.I.E., du fait que les resultats de !'etude sont analyses et verifies par les 
autorites techniques et administratives competentes ainsi que par les composantes socio
economiques interessees au projet, il est necessaire que Ia methodologie et les techniques 
adoptees soient tres claires et faciles a interpreter. 

On a, pour cela, redige un tableau resumant les resultats de l'etode quant a Ia 
specificite du projet et quant a Ia qualite de l'environnement, ainsi que l'ampleur de chaque 
impact en particulier et de !'impact global du projet. 

Finalement, on a estime les valeurs potentielles des ressources et des impacts, 
positifs et negatifs, a partir de valeurs pre-etablies en multipliant Ia valeur de Ia ressource 
par celle de !'importance de !'impact. 
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1_,_ Interaction Qf coastal power plants with the marine biota 
Thermoelectric power-plants need a cooling system for condensating 
exhausted steam, after the phase of electricity generation. In the 
case of power stations built on the coast, the once-through cooling 
circuit operates with sea water, collected by pumps and discharged 
back to the sea, having removed the condenser heat and sometimes after 
a chemical anti-fouling treatment. 
The effects of power plant operations on the marine environment, and 
particularly on biota, may occur both at the water intake and at the 
discharge structures. 
The intake systems, when drawing cooling water, capture the living 
organisms with little or no swimming ability. The largest forms are 
retained by the screens that protect the circulation pumps and are 
washed back to the sea by cleaning devices mounted on the rotating 
screens. 
Planktonic organisms are entrained through the whole cooling system, 
undergoing mechanic, thermal and chemical stresses, before returning 
to the marine environment. 
At the discharge point, besides the delayed effects on the biological 
components that have passed through the plant, the effects on the 
organisms interested by the thermal plume of the effluent are taken 
into account. 

.£..... Outline Qf environmental impact studies for marine power stations 
ENEL pioneered environmental impact studies (E.I.S.) in the site of 
power stations, long before the existing legislative constraints. The 
experience gathered up to now has shown that a multidisciplinary 
approach is necessary in the case of marine biota analysis, in order 
to take into account the relations between biotic and abiotic parame
ters potentially influenced by the operation of power plants. 
E.I.S.s are structured in a previsional phase, before the start of the 
project, and a monitoring phase, during the energy production of the 
plant. 
In the first phase, the oceanographic and biological patterns of the 
surrounding area are described, and the expected physical and chemical 
perturbations are simulated, in order to identify the areas of concern 
and to estimate the magnitude of effects. 
In the monitoring phase, selected organisms or communities are exami
ned, which have been shown either directly influenced, or good indica
tors of ecological stability for a reasonably long time interval. 

h ~ ~ Qf J! coastal power station 
We have chosen the case of the previsional study for the Brindisi 
South power station as an example of the Italian approach to E.I.S. 
The plant is located on the Southern Adriatic, has a total power of 
2640 MWe, derives 100 m3;s of sea water, and warms water +a·c in the 
condenser. 
Geology and morphology of the bottom, sea currents, water and sediment 
quality have been described as the principal oceanographic features. 
Macrobenthos, plankton and nekton have been chosen as biological 
descriptors. 
The impact assessment has been formulated by sub-dividing into 
elementary actions the plant project and its completion. Each action 
was to have effects separately analysed in qualitative or quantitative 
terms. Both the building and the operation actions were considered. 
Estimations of biomass entrained or impinged on the intake structures 
were done with reference to an existing power station. Tri-dimensional 
mathematical models have been used to simulate the patterns of disper
sion of the thermal effluent and of residual chlorine following anti
fouling treatment, given the oceanographic conditions prevailing in 
the area. 

L_ ~ ~ Qf sn estuarine power station 
rhe power station of Porto Tolle is located on the main branch of the 
Po River Delta, a few kilometers before its mouth, opening into the 
1>,.driatic Sea. It also consists of 4 standard units of 640 MWe, water 
:lerivation and thermal increase are similar to those in Brindisi. The 
station features two cooling circuits: the first, which is most fre
~ently used, takes fresh water from the river and discharges dow-
1stream, the second can draw brackish water from a nearby lagoon and 
iischarge directly to the sea. 
rhe power station being situated in an area of great environmental va
Lue, the concern about possible changes brought about by its operation 
1ave stimulated a very thorough and long-lasting investigation. The 
mvironmental campaigns started in 1972, as soon as the project of the 
)lant was approved, and continued through a pre-operational phase 
(1977-1980) and an operational phase (1986-1988). A five yea:r long 
nonitoring phase has been started in 1990. The hydrologic conditions 
~eceived much attention, and gave interesting results, facing the dif
ficult problem of the interaction of fresh and sea water, influenced 
lY the rate of river discharge and by tidal currents. The measurement 
lf the distribution of river flow among the different branches, 
:he exchange of water between the lagoon and the sea, and the disper
;ion of the river plume in the Adriatic were used also to calibrate a 
lhysical model and several mathematical models. The prevision and the 
1ssessment of the distribution of thermal increase in the various wa
:er bodies helped to identificate areas for the assessment of biologi
~al and chemical properties. 
later quality was monitored, both from the point of vue of chemical 
1azards to aquatic life and of health protection. Phytoplankton and 
:ooplankton communities and their temporal dynamics were studied in 
:onnection with hydrologic and chemical information. The macrobenthic 
tssernblages dwelling in soft and hard bottoms gave useful indications 
1bout the evolution of the environment during the long term interval. 
'inally, fish communities were investigated, with special referer;ce 
:o migration of juveniles into the river branches and to commercl.al 
:atches in the lagoon. 
?he overall comparison of results obtained in the pre-operational and 
>perational phase revealed that the most important changes are most 
.ikely linked to the evolution of the environment under the anthropic 
>ressure on the whole basin of river Po and are not attributable to 
:he power station. 
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Prediction of the Environmental Impact of Coastal Population on the 
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The increase of coastal population -especieally by tourists- is sometl:ting considered as 
flourishing of the socio-economic conditions of the district Too little -if any- attention is 
given to tl:te effects caused by this situation. In the present study taking into consideration 
the quality of the seawater as the main parameter affecting the popUlation of tourists, an 
attempt has been done in order to predict tl:te variation of the quality of seawater with 
popUlation. To achieve tl:tat, tl:te beaches were classified according to tl:teir use -and 
consequently tl:te amount of wastewater discharged into tl:te sea -into four groups: I )coasts 
that are used only for swimming and recreational purposes, II) coasts used 
simultaneously for dwelling, swimming and recreational purposes, III) coasts along Which 
only dwellings exist, and IV) natural and man-made harbours. 

Bodrum -one of tl:te most popular touristic resorts of Turkey -was selected as the 
e~rimental site Where six beaches; one from gorup I, one from group I I, one from group 
III, two from group IV and one transitional group I-ll, were selected as the survey areas. 
Three stations close to each other in approximately 10-20 meters from the shore were 
chosen for sampling. Samples collected at all tl:tree stations at each survey beach were 
mixed to obtain a typical composite sample. Samples were collected three times a day 
- early in tl:te morning before people started coming to tl:te beach; at noon When tl:te beach 
was most crowded; and late in tl:te afternoon When people started to leave the beach . 
During the survey 40320 observations were made between December 19&5 to February 
19&&. Parameters sucll as atmospheric pressure, air temperature, cloudiness, sunny period, 
prevailing wind direction and its speed, precipitation, light intensity, turbidity, seawater 
temperature, pH, colour, salinity and coliform concentration were determined. Assuming 
the concentration of tl:te total coliform as the most important microbial pollution indicator 
for beaches an attempt has been done for the determination of the variation of coliform 
conc_entration as a function of the remaining paratemers. To achieve this a mUltilinear 
regression program was used in Which the number of total coliform was treated as the 
dependent variable While tl:te otl:ters were accepted as independent variables. As a result 
of tl:tis analysis, the following relation was obtained: 

(Ct Vr + C2 ) 
N = 10 A-3 

ln(I029 Tu-0.072) + 1.22 
A= o_gsa-zo 

N is the number of total coliforms per 100 milliliters, 
I is tl:te intensity of light (lux), 
Tu is the turbidity (FTU), 
8 is the temperature of seawater (OC), 
Pis tl:te population density (number of people/100m2), 
c1 is the population density coefficient and 
c2 is tl:te coastal characteristic coefficient 

The coefficients c1 and c2 of this equation have been found to have the values given 
below: 

CoastGrou11 cl c 

I 15.7 0.020 
I -II 7&.4 0.223 
II 220.5 0682 
III 2&1.7 0.293 
IV 1310.5 2173.0 

Parameters such as BOD, total nitrogen, total phosphorus etc. proved tl:tat tl:tey didn't 
contribute significantly to tl:te total coliform concentration. The correlation obtained 
between actual determined values and the values estimated by tl:te derived equation is 
above 86 percent 

The results obtained l:>y tl:tis study is a significant contribution for tl:te prediction of tl:te 
environmental impact of tourist population to seawater quality and consequently for the 
prevention of the deterioration of the environment and protection of public health 
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Y-IIIs 
Integrate Evaluating Program on Drilling Discharge 

Effects in a Northern Adriatic Sea Site 

F. FRASCARI·, G. ROSso·, G. BORTOLUZZt•, A. BARSANTI•, G. OUARANTOTio•, M. 
RAVAIOLI•, A.-M. BONVICINI PAGLIAt••. R. CREMA··, A. CASTELLI••, M. MAURt••, E. 

ORLANDo•• and D. PREVEDELu•• 

•tstituto per Ia Geologia Marina C.N.R., V. Zamboni 65, Bologna (ltalia) 
••Dipartimento di Biologia Animals, Universita di Modena, V. Universita, 4, Modena (ltalia) 

The effects of water-based drilling muds and cuttings were evaluated at a gas 
drilling field located offshore Ravenna (Italy) in the Northern Adriatic Sea on 
15 m deep bottoms. Nine wells were drilled in a 3000 m deep Plio-quaternary 
sequence of muds, silts and marly clays. The discharge consisted of 4000 tons of 
cuttings and 2000 tons of drilling muds composed mainly of bentonites and baritine 
added with chromium lignosulphonates, lignites and sodium hydrate. 

The study was promoted by~----....,------------------, 
AGIP (AA.VV.,1989) and 
performed over four sampling 
occasions including 
preoperative survey (June 
1985), two operative surveys 
(February 1986 - September 
1986) and a postoperative 
survey (June 1987). Sampling 
was carried out along a grid 
elongated in the direction of 
the prevailing autumn - winter 
water currents (NNW-SSE) 
(Fig.). In the grid, 
collecting stations 
located closer to each 
near the platform. 

At the preoperative survey, . u"iti 

the drilling area was found to <;;\"'~' 
receive silty clayey 
sediments from the Po and some 
smaller rivers. Natural levels '------..L.-------'----------' 
of some heavy metals ( mainly Fe, Cr, Pb, Mn, Cu, Zn) and their surface increase 
derived from urban and industrial wastes were evaluated. The chemical effects of 
dri 1! ing mud discharge were estimated, by comparison, in following surveys. 
Biological effects were evaluated by means of taxonomic and structural analysis of 
macrozoobenthic communities and heavy metal incorporation in a target species. The 
bivalve C.orbula gibba was chosen as the target species due to its abundance 
throughout the wholeStudy area. 

The results evidenced the following effects: 

1. Physical: due to the platform. This structure interacts with the waves and water 
currents causing-turbulence, erosion and re-suspension of bottom material, with 
grain size sorting. Under conditions of high hydrodynamic energy, a selective 
deposition of particles discharged by cuttings along the direction of the main 
water currents takes place. 

2. Physical: due to the discharge material. Due to the discharge of heterogeneous 
material a depositlOnOf different grain size particles occurs around the platform, 
which wi 11 be re-elaborated by later dynamic events 

3. Chemical: due to discharge of drilling fluids These include: mean increases of 
an order of magnitUde~abOut 38% forcr;-85% for Pb and decreases of 52% for 
Cu. These elements, originally associated to the cuttings and drilling muds, at 
discharge are bound to particles having well defined size and depositional 
p1ltterns. Thus, their migration is strongly influenced by the hydrodynamic 
situation. both at discharge and afterwards. 

4. Biological: on the macrozoobenthic community. A generalized reduction in species 
richness, diversity and abundance was observed. Complete defaunation was found at 
some stations located near the platform. Opportunism of particular species which is 
typical in chemically polluted bottoms did not occur. Some areas showed settling by 
mixticolae species in relation to grain size variation of the sediment. Generally, 
the observed variation of benthic communities can be ascribed mainly to a physical 
impact, in terms of burying, grain size variation and changes at the sediment-water 
interface. 

5. Biological: heavy metal incorporation by the target species. The values of Cu, 
Zn, Mn and Cr in Corbula gibba, elaborated toexclude the effects of biological 
variables, were increasediilthe post-operative period. Over the sampling area 
grid, the values were homogeneous only in the first operative period. In the 
following periods, a significant correlation with distance from the platform was 
found for Cr and Zn, especially along the direction of the prevailing water 
current. 

The spatial extent of environmental impact includes a smaller area closer to the 
drilling site where effects were recorded in all the above mentioned aspects. 
Detectable modifications of the benthic communities are limited to this area. Its 
extension corresponds well with the areas of deposition of the heavy and coarse 
materials. Outside this area, and mainly along the SSE direction, a second zone of 
environmental impact can be evidenced only by the chemical modification of 
sediments and by heavy metal incorporation in the target species. Maximum 
disturbances were detected during the second operative survey. The postoperative 
survey shows a pattern of partial recovery . 
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Y-1116 
Procedures d'Etude de !'Impact d'lnstallations Susceptibles de 

Rejeter des Effluents Radioactifs en Mer Mediterranee 

Dominique P. CALMET 

Agence lnternationale pour I'Energie Atomique, B.P. 100, Vienna (Autriche) 

Depuis des si~cles, les oco!iams sont exploito!is pour leur ressources biologiques et 

minerales tout en o!itant utilises cOlliDe receptacles des do!ichets resultants des activites 
humaines. Mais alors qu • ils ont une capaci to!i limi to!ie d • assimilation des polluants, la 
population humaine et la production de do!ichets ne cessent de croitre. Cette situation, 
en particulier en domiline- littoral, est une cause de conflits entre les diffo!irents 
utilisateurs des ressources marines et a conduit li des accords entre Etats pour limiter 
les effets de la pollution. 

De nombreuses installations lilies a la production d. o!inergie o!ilectrique sont 
installo!ies en damaine cotier, estuarien et fluvial. Leur construction engendre des 
modifications de l' environnement et leur fonctionnement go!inere des do!ichets. Ainsi, las 

installations nuclo!iaires de fabrication de combustibles, de production d'electricite 
et de retraitement des combustibles irradHis produisent des do!ichets radioactifs gazeux, 

liquides et solides. Avant d'etre mises en service, ces installations sont soumises ll 

une autorisation prealable qui do!ipend d'un.:! etude de l' impact des eventuels rejets 

d' effluents radioactifs sur les populations humaines et 1' environnement. Pour les pays 
mo!iditerraneens, les ro!iglementations nationales s'inscrivent dans une approche .COIIIIIU

nautaire de la protection de l' environnement. 

En 1958, la premiere Conference des Nations Unies sur le droit de la mer [1] a 
recommande que l' Agence internationale de l' o!inergie atomique (AIEA) fasse toutes etudes 
et prenne toutes mesures necessaires pour aider les Etats a surveiller le rejet ou 
l' immersion des matieres radioactives dans les mers, a prCIIIUlguer des normes et des 
reglement internationalement acceptables visant a prevenir la pollution des mers per 
des matieres radioactives en quantito!is qui risqueraient de nuire a l'h0111118 et ll ses 
res sources. Des 1961, l' AIEA etablissait les criteres de controle des rejets de 

radioo!ilo!iments en mer [2] sur la base des recommendations de la Ccmnission internationals 
de protection radiologique [3] . Depuis, d' autres publications ont precise la methodologis 
pour .Waluer l • impact des radionucleides sur les systemes aquatiques I 4], en particulier 
celle de la modelisation des processus de transfert des radionuclides dans l' environnement 

[5]. 
En 1972, la Conference des Nations Unies sur l' environnement [ 6] pose COIIIIIB principe 

que "la pro!ivision rationnelle constitue un outil essential pour reconcilier lea conflits 

entre les besoins de do!iveloppement et le besoin de proto!iger et d. ameliorer l. envi
ronnement". La Conference etablit les principes generaux pour l' evaluation et le contr6le 

de la pollution marine qui integrent le concept de protection de l' environnement per 
la prevention de la pollution en minimisant les rejets de substances d1111gereuses. 

En 1976 les Etats mediterraneens se sont doto!is d'une convention ro!igionale pour la 
protection de la mer Mediterr1111ee contra la pollution [7] ratifiee par la Cc:mmunaut6e 
e=nomique europeenne en 1978. Dans le protocole relatif a la protection =ntre la 
pollution d'origine tellurique, ils proposent la mise en place de normes COIIIDWl88 

d'emission pour "les substances radioactives, si leurs rejets ne sont pas conformea 
aux principes de la radioprotection definis par les organisations internationalas 
comp;!tentes en tenant compte de la protection du milieu marin". La delivranca d'una 
autorisation pour le rejet de dechets doit tenir compte des caracteristiques et cau
position du dechet, de sa nocivite, des caracteristiques du milieu marin recapteur, 
des atteintes possibles aux ecosystemes marins et des utilisations de l' eau de mer. En 

collaboration avec les organisations internationales competentes, des normes at crit~res 
communs sont elabores concernant le contr6le des installations susceptibles de polluer 
sensiblement le milieu marin tout en tenant compte "des caracto!iristiquas locales, 

ecologiques, go!iographiques et physiques, de la capacite economiques des Etats at leur 
besoin de do!iveloppement, du niveau de la pollution existante at de la capacite reelle 

d'adsorption du milieu marin". 
En parfait accord avec la notion de pr.Wention de la pollution, la directive du 

Conseil des Communautes europeennes du 27 juin 1985 [ 8] concern1111t l' evaluation d&s 

incidences de certains projets publics et prives sur l' environnement souligna que "la 
meilleure politique de l'environnement consiste a eviter, d~s l'origine, la creation 
de pollutions ou de nuisances plutot que de combatttre ulterieurement leurs effets". 
La directive propose l' harmonisation des principes d' evaluation des incidences sur 

l'environnement des projets de travaux de construction, d'installations au d'ouvragas. 
L'evaluation des incidences sur l'environnement doit identifier, decrire et evaluer 

"les effets· directs et indirects d'un projet sur l'homme, la faune et la flora, le sol, 
l'eau, l'air, le climat et le paysage, les biens materiels et le patrimoine cultural". 

Le maitre d'ouvrage doit completer ces informations par une description du site, la 
.conception et la dimension du projet, les donnees necessaires pour identifier et evaluer 
les effets principaux que le pro jet est susceptible d' avoir sur l' environnement et una 
description des mesures envisagees pour eviter et reduire des effets no!igatifs importants 
et, si possible, y remedier. Les reacteurs nucleaires ainsi que les installations de 
stockage des dechets radioactifs sont soumis a une telle evaluation. En outre cea 
installations sont soumises a une autorisation prealable visant a verifier leur conformite 
avec les normes de base relatives a la protection sanitaire de la population contra 
les dangers resultant des rayonnements ionisants, explicitees d!IIlS la directive du 15 

juillet 1980 [9]. 
Les objectifs et l' application des procedures d' etude d' impact des installations 

nucleaires susceptibles de rejeter des effluents faiblement radi~actifs dans l' envi
ronnement mediterranean sont done clairement specifies d1111s des recOIIIIIBildationa 
internationales, une convention ro!igionale et des directives communautaires. Les 
legislations nationales des Etats mediterraneens reprennent ces dispositions qui sont 

appliquees sur le territoire sous leur judiriction. 

lll UNCLOS I, 1958. United Nations Conference on the Law of the Sea. 

{2} IAEA, 1961. Radioactive Waste Disposal into the Sea. Safety Series No.5, Vierma. 

[3] CIPR, 1977. Reccmnandations de la Ccmnisison Internationale de Protection Rarliologique, Publicatioo CIPR 26. 

[4] IAEA, 1979. Methodology for Assessing Impacts of Radioactivity on Aquatic Ecosystems. Tech. Rep. Ser. No.190, Vienna. 

fS] IAEA, 1982. Generic Models and Parameters for Assessing the Environmental Transfer of Radionuclides fran routine Releases. 

[6] UN, 1972. Conference on the Human Environment. A/Conf. 48/14 and Annexe III. 

[7] PNUE, 1982. Convention pour la Protection de la mer Mediterranee contre la pollution et protocoles y relatifs. 

[8] CCE, 1985. Dir. du Cons. du 27 Juin 1985. Evaluation des incidences de certains projets publiques et prives sur 

1 1 environnement. 

{9) CCEI 1980. Dir. du Cons. du 15 juillet 1980, portant modification des directives fixant les normes de bases relatives 

a la protection sanitaire de la population et des travailleurs centre les dangers resultant ties ra:yonnements ionisants. 
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Etudes d'lmpact sur le Littoral Espagnol, notamment Catalan : 

Un Protocole d'Evaluation du Milieu, sptkialement en ce qui 
concerne Ia construction de Ports de Plaisance 

J.-D. ROS et J. ROMERO 

Departament d'Ecologia, Facultat de Biologia, Universitat de Barcelona, Diagonal. 645, 08028 
Barcelona (Espagna) 

Un des impacts les plus importants sur le littoral Mediterraneen 
Espagnol est Ia construction de ports de plaisance. Une vingtaine sont 
actuellement en projet ou deja en cours de realisation; sur le seul littoral 
Catalan, on en trouve, en moyenne, un tous les cinq kilometres. La 
demande sociale d'etudes d'impact concernant des actions humaines 
{ports. restructuration de plages) dans le domaine littoral est done forte. 

Ce sont, en fait, des etudes de prevision d'impact, car normalement 
elles sont exigees avant Ia realisation des oeuvres et ont pour but tant Ia 
connaissance de l'etat biologique zero, envisageant un controle ulterieur 
hypothetique, que Ia documentation, pour !'Administration, sur les 
caracteristiques bio-ecologiques de Ia zone et !'avis d'experts sur les 
consequences eventuelles des constructions. L'etude d'impact est un 
document consultatif. rarement publie ou meme disponible. 

La Loi du Gouvemement Autonome Catalan donne des directives sur 
Ia maniere de realiser ces etudes. Malgre ces precisions, !'interpretation 
est encore souvent trop large et permet des etudes d'impact peu 
approfondies. Ces directives prevoient essentiel-lement que !'analyse des 
systemes ecologiques de Ia zone d'influence du port de plaisance 
comportera !'etude des communautes benthiques et des constituants 
organiques des sediments, a Ia meme echelle que Ia bathymetrie 
generale. La methodologie a suivre sera precisee de fa<;:on que !'etude 
puisse se repeter dans le futur et permette d'etablir des comparaisons. 
Seront investigues les biocoenoses, horizons ou facies, qui constituent les 
niveaux les plus appropries du point de vue ecologique, ainsi que les 
populations de quelques especes les plus caracteristiques des 
biocoenoses. Avec toutes ces etudes, on elaborera le rapport d'impact, qui 
devra considerer les effets possibles sur le milieu littoral de Ia 
construction du port de plaisance. Nous exposons ici un protocole etabli. 
a usage interne, par une equipe de notre laboratoire qui a conduit un 
certain nombre de ces etudes d'impact. 

Le domaine abiotique ne fait pas !'objet d'etude, sauf en des cas tres 
precis. Des donnees de references sont, en principe, disponibles en ce 
qui concerne Ia qualite de l'eau pour les divers secteurs de Ia cote. C'est 
egalement le cas pour l'hydrographie (courants, hydrodynamisme ... ) et Ia 
dynamique littorale sedimentaire, etudies par des travaux preliminaires 
de genie. 

a.- Philosophie g~n~rale. La rapidite que l'on exige des etudes 
d'impact contraint a orienter les recherches sur des ensembles 
biologiques relativement stables. qui integrent bien des variations 
envlronnementales et deja reconnus comme indicateurs de Ia qualite de 
l'eau et du milieu. Les peuplements benthiques remplissent ces 
conditions, specialement les peuplements sur substrat dur et les herbiers 
de Phanerogames. 

La zone d'etude, etablie a partir des donnees abiotiques, est 
normalement comprise entre 5 et 150 Ha. Dans cette zone. il s'agit : 

a.- d'identifier Jes peup!ements presumes SOUmis a !'impact; 
b.- de cartographier ces peuplements de Ia fa<;:on Ia plus precise; 
c.- d'etudier de maniere quantitative les especes dont Ia biomasse est 

Ia plus importante et, si possible.la repartition, dans l'espace. de cette 
biomasse; 

d.- d'etablir un bilan de Ia diversite biologique existante. 
b - Etudes qualitatives. Dans un premier temps, une prospection par 

les moyens qui conviennent le mieux {plongee. apnee) a Ia nature et a 
l'heterogeneite du milieu, permet de dresser une liste des ensembles 
biologiques presents. selon les criteres classiques de Ia bionomie 
benthique Mediterraneenne. Cette prospection permet aussi de se faire 
une opinion sur Ia variabilite. Ia repartition. etc. des peuplements en vue 
d'une optimisation de l'echantillonnage ulterieur. 

c.-Transects. Une serie de transects perpendiculaires a Ia ligne de 
cote est etablie. dont le montant total depend du temps disponible. de 
l'heterogeneite des peuplements et de Ia surface totale de la zone a 
etudier. Le transect est delimite par un filin marque metre par metre, et 
suivi en plongee; Ia profondeur, le peuplement repere et, si possible, une 
estimation semi-quantitative sont notes a chaque marque. 

d - Cartographie. Les transects foumissent la base de Ia cartographie, 
qui est completee par des plongees inter-transects. On etablit 
habituellement une carte a l'echelle 1 : 2000 a 1 : 25.000. 

e.- Etudes quantitatives. Sur la base de b, c, et d, on prepare un 
programme d'echantillonnage quantitatif. Le nombre d'echantillons doit 
etre reduit {entre 5 et 15). La distribution des echantillons se fait en 
fonction des peuplements reperes. et vise a couvrir une representation 
de biocoenoses le plus large possible. Les echantillons sont pris par 
recolte totale {grattage dans les fonds durs, bennes dans les meubles) sur 
des aires minimales prealablement connues. L'expression de l'abondance 
se fait en biomasse et/ou recouvrement et/ou nombre d'individus. Les 
echantillons sont preleves en des points parfaitement reperes. 

f - Etude de la diversit~ biologique. Cet echantillonnage permet 
d'etablir un liste relativement exhaustive des especes presentes au niveau 
de la macrofaune et de Ia macroflore, bien que !'on se heurte a des 
difficultes taxonomiques si !'on ne dispose pas de specialistes. On 
considere comme prioritaire !'etude des Mollusques et des Polychetes 
sur fonds meubles et des Algues, Mollusques, Polychetes et Crustaces sur 
substrats durs. Des tableaux de descripteurs synthetiques sont dresses 
{indice de diversite, biomasse totale, etc.). Des echantillons qualitatifs 
complemen-taires permettent eventuellement de completer Ia liste des 
especes. 

g - Phan~rogames marines. Une attention speciale leur est accordee. 
Des etudes de macrostructure (couverture, tombants de matte, matte 
morte, etc.) et de microstructure (densite en faisceaux/m2) sont 
realisees. 

h - Photographie. Des transects photographiques completent la 
documentation fournie. 

Ce protocole de travail presente l'avantage de Ia standar-disation et 
de Ia depuration depuis plusieurs annees d'utilisation. II est certainement 
semblable aux protocoles employes par d'autres equipes en d'autres 
regions, et il semblerait logique que cette reunion de la C.I.E.S.M. puisse 
permettre une formalisation identique qui serait appliquee aux differents 
laboratoires et groupes de travail de Ia Communaute Scientifique 
Mediterraneenne, ce qui permettrait Ia normalisation d'etudes d'impact 
realisees dans tout son perimetre. 
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Y-IVI 
Le Genre Eudendrium (Cnidaria} : revision des especes 

mediterraneennes 

Jean MARINOPOULOS 

Station Marina d'Endoume, Rue de Ia Batterie des Lions, Marsell!e (France) 

La famille des Eudendriidae Hincks 1968 est representee, en Mediterranee, 
par douze especes appartenant au genre Eudendrium Ehrenberg 1834 (especes-type: 
Tubularia ramosa Linne 1758). La genre Hyrionema Pictet 1893, (espece
type:.Hyrionema amboinensis Pictet 1893) ne presente que des differences mineures 
avec le genre Eudendrium et il est r8uni A ce dernier. 

L' identification des especes du genre Eudendrium a, jusqu' a present, ete 
difficile: la plupart des criteres discriminatoires proposes par les divers 
auteurs ne peuvent etre pris en consideration car ils sont generalemen~ soumis a 
des variations individuelles entre colonies d'une meme espece, parfois meme 
entre elements d'une ml!me colonie, variations qui sont paralleles chez beaucoup 
d'especes. On doit ecarter en tant que criteres de valeur specifique: 

a) Les dimensions des diverses parties constitutives des colonies. qui dans 
les colonies j eunes ou developpees dans un milieu de favorable sont beaucoup plus 
faibles que celles atteintes par de grandes colonies d8veloppees dans un milieu 
favorable. 

b) Le port des colonies; une espece susceptible d'atteindre une grande taille 
passe d'abord par des stades rampants, puis ramifies non fascicules. dans des 
milieux defavorables, ces stades peuvent ne pas 6tre depasses. 

c) L' importance plus ou moins grande des annelures du p8risarc, qui varie 
souvent de la base au sommet, et meme d 1 un rameau a l'autre d'une mAme colonie. 

d) Le nombre de tentacules des hydranthes 1 qui varie en fonction de leur taille 
e) L' existence ou 1' absence (A premiere vue) d'une gouttiere glandulaire A la 

partie inferieure du corps des hydranthes. 
f) La position des polypes fertiles ou des hlastostyles sur 1 'hydrorhize ou 

sur l'hydrocaule, qui depend du degre de d6veloppement de la colonie. 
g) Le nombre des chambres spermiques des gonophores mAles, qui est tres 

variable sur une meme colonie. 
k) La distinction, pour les gonophores femelles. de deux categories de 

spadices (streptospadice ou orthospadice), un mAme spadice pasaant 
successivement par ces deux stades de developpement. 

Il resulte de la precedente enumeration que seuls quelques caracteres 
morphologiques tres marques, mais qui ne se retrouvent pas dans 1' ensemble des 
especes du genre, peuvent servir de criteres sp8cifiques. Afin de tenter 
d I eliminer C85 ObstacleS> On 8 fait appel A 1 1 etude des nematocystes • 

La difficulte majeure etait d'assimiler chacWle de ces espltcea A l'a•pect 
general et au port d'especes anciennement dBcrites, bien que les descriptions et 
les figures originales s~ient notoirement insuffisantes. Nearuaoins lea DOllS 

attribues aux especes diff8rencities par leur cnidome presentent de fortea 
probabilites pour Hre exacts. 

Les hydranthes de toutes ces espe9es poss8d~nt deux types d8 n8matocyatea 
(cf. synthese de Mariscal 1974). 

Le premier type, toujours constitue de petits Euryteles microbaaiqu .. 
heterotriches a capsule mytiliforme (dimensions: 6x2,5 a 9x4 jU1I suivant lea 
especes et les colonies). constitue A lui seul la totalit8 dea nematocyatea daa 
tentacules et est disperse dans 1 1 ectoden:a.e des parois du corps. Ce premier type 
ne fournit pas d'element utile pour la d8termination des esp8ces. 

I.e second type, reparti sur les parois du corps des hydranthe• fournit un 
critt~re pour la discrimination des especes, et ceci a partir des n'aatocyatea 
non dtivagin&a. Ces nematocystes sont divis,ea en deux cat,gories. 

a) Nematocystes dont la taille varie de 16x7 .~ a 3lxlljllll: Atrichea isorhizea: 
E. carneum Clarke 1882. Euryteles microbasiques heterotriches: E. ca1ceo1at:wl 
Motz-Kossowska 1905, E. ramosum (Linne) 1758, E. ambo1nen•• (Pictet) 1893, E. 
rameum (Pallas) 1766. Euryteles macrobasiques ho1otriches:E. glomeratwa Picard 
1952, E. motzkossowskae Picard 1952, E. Erag1le Motz-Kossovska 1905. 
b) Nematocystes dont la taille varie de 8x4 • 12x5 jllll! Atrichea iaorhizea: E. 

racemosum (Gmelin) 1791. Atriehes anisorhizea: E. eap1ll1U'& Alder 1856. 
Euryteles microbasiques heterotrichea :E. umatwa Tichoairoff 1887,. E. 
cE. arbuscu1a Str. \lright 1859. 
Certaines especes peuvent egalement etre identifi;lea par la forme particuliire 

du spadice des gonophores femelles (E. calceolatum. E. glomeratum, E. carneum
8 

E.racemosum) ou par La ·presence des "cnidophores 11 (E. racemosum, E. a.rmatum). 
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CLE DES ESPECES MEDITERRANEENNES DU GENRE EUDENDRIUM 

1 -Nematocystes de taille variant de 16 a 31 pm situes uniquement dans 
l'hypostome, le corps de l'hydranthe et dans l'hydrocaule. 

1 -Nematocystes de taille variant de 8 A 12 JliD situes uniquement dans 
l'hypostome, le corps de l'hydranthe et dans l'hydrocaule. 10 

2 -Hampe visible 
2 -Hampe invisible 

(gonophore femelle mature a spadice bifide et acumine) 

3 -Hampe longue et droite 
3 -Hampe longue et spiralee 

4 -Hampe e.paisse 
4 -Hampe fine 

E.carneum 

5 -Hampe avec 2 renflements occupant les 2/3 de la longueur du 
ne.matocyste (gonophore £emelle mature A spadice en forme de "hache") 

E. calceolatu.m 
5 -Hampe retrecie vers le milieu de sa longueur et occupe moins le 2/3 de la 

longueur du nematocyste E. cf. arbuscula 

6 -Hampe occupant les 2/3 aux. 3/4 de la longueur du nematocyste 
6 -Hampe occupant toute la longueur du nematocyste E. rameum 

7 -Nematocystes des tentacules de longueur superieure A deux. fois la largeur (au 
mains 2 cercles des tentacules. presence des zooxanthelles) E. amboinense 

7 -Nematocystes des tentacules de longueur inferieure A deux fois la largeur 
E.ramosum 

8 -Nematocystes disposes en amas !soles et saillants sur la moitie inferieure 
du corps (gonophore £emelle aux amas spermiques bisexuels) 

E .glomera tum 
8 -N9matocystes disposes en 2 couronnes, l'une A l'hypostome et l'autre dans la 

moitie inferieure du corps 9 

9 -Hampe a enroulement spirale suivant le grand axe 
9 -Hampe a enroulement spirale suivant le petit axe 

E .mot=zkossowskae 
E.Eragile 

10 -Hampe visible 11 
10 -Hampe invisible (parfois des cnidophores aux. polypes, gonophore femelle 

mature A spadice bifide non acumint!) E.racemosum 

11 -Nematocyste ovoide nigulier (parfois des cnidophores en bout de rameau) 
E.armatu.m 

ll -Nematocyste fusiforme E. capillare 
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Speciation chez les Chaetognathes du genre Spadella dans quelques 

grottes sous-marines de Ia Mediterranee Nord-Occidentale 

Jean-Paul CASANOVA 

laboratoire de Biologie Animale (Piancton), Universite de Provence, 3 Place Victor Hugo, 13331 Marseille 
Codex 3 (France) 

Le premier Chaetognathe cavemicole, Spadella Jedoyeri , a ete decrit dans Ia grotte 
sous-marine obscure des Tremies, pres de Cassis (Casanova, 1986). favais alors emis !'hypothese 
qu'aux trois parametres essentiels caracterisant ce biotope selectif bien particulier, obscurite, calme 
hydrodynamique et rarete des proies, semblaient correspondre trois adaptations de l'espece, a savoir, 
respectivement : grand developpement de Ia tache pigmentee des yeux, reduction des nageoires laternles 
et regime plus ou mains necropbage. Cette decouverte l_ll'a incite a poursuivre Ies recherches dans Ies 
grottes et, gnice a Ia collaboration de deux colli~gues I J, j'ai pu obtenir des specimens de la region 
marseillaise et du Pare regional nature! de Corse. 

1.- Inventaire specifique 
On trouvera, dans le tableau I, l'inventaire des especes recoltees dans les grottes 

prospectees. 
a) Spadel/a Jedoyeri. Les trois exemplaires captures dans Ia grotte du Grand Conglu 

correspondent a Ia diagnose de I'espece, notamment Ia reduction des nageoires laterales. On note 
cependant deux differences avec ceux de Ia grotte des Tremies. L'une conceme les nageoires laterales, 
qui debutent un peu en avant du septum transversal, !'autre les dimensions beaucoup plus faibles de Ia 
tache pigmentee des yeux: a taille comparable (4,7 et4,8 mm), celle-d est deux fois plus grande chez 
les specimens de la grotte des Tremies (fig. la,b). 

b) Spadella sp.J. II s'agit de cinq specimens qui ressemblent aS. cephaloptera, espece 
neritique commune en Mediterranee, mais qui en different par quelques caracteres morphologiques 
(couronne ciliaire, vesicules seminales) et physiologique (mode de reproduction). 

La couronne ciliaire, reniforme, deborde largement les parois du cou sur Ia collerette 
(fig. I c) ; elle est ovale ou circulaire et plus petite chez les specimens de S. cephaloptera decrits par les 
auteurs (Ghirardelli, 1968) et chez ceux provenant de n\coltes que j'avais effectuees dans l'etang de 
Diana (Corse orientale) en ete 1966 (fig.! d). 

Les vesicules seminales, petites, sont situees tres pres de l'extremite du segment caudal, 
a une distance comprise entre le quartet le cinquieme posterieur, alors qu'elles en sont plus eloignees 
chez S. cephaloptem (entre le tiers et le quart posterieur). 

Si Ia position des vesicules seminales est un caractere relativement stable, on sail que Ia 
forme et Ia taille de Ia couronne ciliaire varient chez certaines especes (Ghlrardelli, 1968). Pour 
s'appuyer sur ces criteres morphologiques, il faudra, d'une· part, observer un plus grand nombre 
d'echantillons et, d'autre part, les comparer a des specimens deS. cephaloptera du golfe de Marseille. 

Le mode de reproduction particulier de cette forme, en revanche, plaiderait en favcur 
d'un isolement reproductif. En effet, Ia fecondation croisee est Ia regie chez Jes Spadelles ct j'al memc 
mis en evidence des relations entre la morphologic du corps et Ia parade scxuellc chez nne nouvelle 
espece de Paraspadella des cotes du Japan, en cours de description. Or, chez trois de ces spCcimclis 
cavemicoles, l'autofecondation est evidente : sur une photographic de l'un d'cux (fig. I c), on voit bien 
les spermatogonies, reunies en amas reguliers, circuler dorsalement depuis les vesiculcs seminales 
jusqu'aux orifices genitaux femelles, le long de Ia base des nageoires Jaterales, entre cellcs-ci et Ia 
collerette. 

c) Spadella sp. 2. Lii aussi Ie nombre de specimens etudies est faiblc : quatrc, qui provicnnent 
de la grotte de Ia Faille sur Ia cote occidentale de Ia Corse pres de Galeria. Taus de tees petite Ialiie (2,4 
a 2,8 mm), bien que murs, ils se caracterisent, semble-t-il, par !'absence de nageoircs Jaterales, qui 
pourrait ne pas resulter de leur deterioration, comme l'atteste !'excellent etat de Ia nageoirc caudale dans 
taus les cas. Mais il faudra s'en assurer par d'autres recoltes avant de decider de leur statut 
taxonomique. 

Cassis Golfe de Marseille Corse 
grottcs Tremies Grand Conglu Riou-Moyadc La Faille 

(profondeur-Iongueur) (15-70m) (25-50m) (23-30m) (8-50m) 
· Spadella Jcdoyeri 9 j 

• SpadeJJa sp.l I 4 
Spadclla sp.2 4 

Tab!. I.- Inventaire des Spadella recoltees a !'aide de pieges dans quatrc 
grottes sous-marines de Mediterranee • 

c 

Fig.!.- Tache pigmentee de l'oeil de Spadclla Jedoyeri de Ia grottc des Tremies (a) et du Grand Conglu 
(b). Couronne ciliairc de Spadella sp.l (c) et S. cephaloptera de l'etang de Diana 
(d). Autofecondation chez Spadella sp.J (e): obseiVer les arnas de spcrmatogonies (Sp) 
circulant des vesicules seminales (VS) videes aux orifices genitaux femclles (OG). 

2.- Discussion 
Bien que Ia decouverte des Chaetognathes cavemicoles soil recentc ct Jes observations 

encore fragmentaires, comme on vient dele voir, on pent neanmoins deja tircr quelques enseignements 
sur Ia speciation de ces organismes dans les grottes sous-marines de Mediterranee. 

En l'etat actuel des connaissances, seule Spadella Jedoyeri peut etrc tenuc pour unc 
bonne espece. Les grottes oil elle vit, celle des Tremies notamment, n'etant immergees que dcpuis Je 
demier stade glaciaire, cela signifie vraisemblablement que son isolement spCcifique scrait recent, a 
mains qu'elle n'ait deja existe dans des grottes restees immergees durant cc stadc. II semble, en effct, 
que I' on ne puisse pas la Ienir pour une espece profonde vivant aussi dans lc milieu cavcmicolc commc 
cela a ete montre chez quelques groupes zoologiques tels que les Spongiaircs (Pouliqucn, 19"69), les 
Scleractiniaires (Zibrowius, 1971) ou les Bryozoaires (Harrnclin, 1976), car aucun Chactognathc 
bentho-planctonique abyssal, ni aucune des Spadelles trouvees jusqu'a 1500 m de profondeur ne 
montrent de reduction des nageoires latern!es. Les dimensions de Ia cellule pigmentee de l'oeil, en 
revanche, sont vraisemblablement une adaptation a Ia luminosite ambiante de chaquc grotte; des 
mesures de celle-d devraient Ie confirmer. 

La modification du mode de reproduction (remplacement de Ia fecondation croisee par 
l'autofecondation) est, semble-t-il, une etape prealablc dans Ic processus de speciation; l'obscurite 
regnant dans les grottes, qui rendrait impossible Ia parade sexuelle decritc chez les Spadelles, peut 
l'expliquer. Les experiences prevues de croisement entre S. ccphaloptem et Spadella sp.l permettront 
de dire si cette demierc a franchi le stade de l'identite spCcifique. 
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The Stagnone Sound (W Sicily) : a case history in. the adaptation of 
Zoobenthos to a marine segregated env1ronment 

Renato CHEMELLO• and Silvano RIGGIO .. 

•1stituto di Scienze della Terra deii'Universita di Catania (ltalia) . 
.. lstiluto di zoologia deii'Universita di Palermo. Via Archirafi, 18, 90123 Palermo (ltalia) 

Reproductive isolation of the genotypes selected in a 
peculiar environmental system is a prerequisite for the evolution 
of new taxa, which in the terrestrial biota is attained through the 
onset of spatial and/or ecological barriers. The constancy of the 
leading abiotic parameters and the physical continuum of the marine 
environment are on the other hand a severe restraint towards the 
isolation of selected gene pools, due to the high dispersal power 
of planktonic larvae. According to MAYR(1966), " ... the genetic 
component of the phenotypic variation with changing water 
conditions seems smaller in the marine animals ... The very free gene 
flow will result in a highly panmictic condition. All this 
counte'racts local genetic differentiation and favors developmental 
flexibility ... ". A theoretical model of a marine biotope favourable 
to genetic isolation is provided by a segregated coastal lagoon 
widely communicating with the open sea and affected by an intense 
water renewal which results in salinities and temperatures by no 
means lower than in the open sea: in such a case the larvae 
inflowing with the currents should be selected against factors ·as 
the water temperature and local salinity- related solely to the 
hydrodynamism and the nature of the substrata thereby giving rise 
to different types which could in their turn migrate back into the 
sea. Shallow seabeds encircled by islands and stretching around 
arid or semiarid continental regions fit the model: a case is 
provided by the bottoms off the Gulf of Gabes, Tunisia; a second 
case is the shallow sound of the Stagnone di Marsala. This "marine 
lagoon" communicates with the open sea through its northernmost and 
southernmost mouths; inside the_ lagoon at least three minor basins 
can be identified from the hydrodynamic point of view, 
distinguished by depths varying from 0.10m to 2.0m and spatially 
separated by three flat calcareous islets (RIGGIO et al., 1983) . 

The marine zoobenthos is characterized by the frequent 
occurence of phenotypes which can be referred to as: a) partly or 
wholly reversible adaptations to the dominant thermal and 
hydrodynamic conditions; b) irreversible processes of genotypic 
selection and ecological segregation. 

Numerous examples of both phenomena are observed in typically 
marine groups. Reversible adaptations to the hydrodynamism, of a 
non-genetic nature, are observed in the following taxa: the 
benthopleustonic populations of the Demospongia Geodia cydonium, 
characterized by sterrasters sensibly smaller than open sea 
populations (CORRIER0,1982-83); the colonies of the Hydroid 
Agl.aophenia harpago attaining a gigantic. size; Plumularia obliqua, 
(Hydroidea) showing a peculiar intrathecal morphology; Cladocora 
caespitosa living as an epibiont with corallites far longer than 
normal; the epiphytic Bryozoan Aetea sica budding well developed 
sacculi ( RIGGIO s. e R. CHEMELLO, 1986). Within the genetically 
established types can be listed all the endemisms sofar described 
in widely plastic taxa. Three new species of Doridacea have been so 
far identified among the Opistobranchia. They are Chromodoris sp. 
(GARCIA-GOMEZ et al., in press), Discodoris sp. and Doriopsilla sp. 
The Gastropod Calliostoma laugieri spongiarum, whose distribution 
is restricted to the coast of the Gulf of Gabes and the Stagnone di 
Marsala as well ( CHEMELLO and RIGGIO, a; b, in press) is also 
frequent; even the fish fauna includes an endemism, a small sized 
Gobiid, Pomatoschistus tortonesei, _which is not reported elsewhere. 
No data are available for other taxonomic groups, which are still 
under study. 

The high frequency of microevolutive phenomena in the 
zoobenthos and the convergence observed in most characters makes 
their occurence by chance rather unlikely; moreover the 
•endemisms• are by no means consistent with the evolutionary 
patterns typical of brackish coastal lagoons in central and 
northern Mediterranean. Their unique morphological characteristics 
stress the influence exerted on the benthic fauna of by a marine 
semiclosed system inside the lagoon, restricted to its central 
basin and including the two islets. The high summer temperatures 
and salinities and the skimming-oscillating water flow should 
select genotypes particularly well adapted to ecological factors 
typical of a sea situated much more South. Similar conditions 
dominate in the Gulf of Gabes and both biotopes might be a source 
of rapid biogeographic differentiation. 
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Les Ophelia (AnntWdes Polychetes) de Mediterranee Occidentale: 

Premiere approche phenetique et phylogenetique 
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Station Marine d'Endoume, 13007 Marseille et Station Biologique, 29680 Roscoff (France) 

Depuis de nombreuses annees, le genre Ophelia a attire 
l' attention des systematiciens et des ecologistes marins 
(Bellan,1964). Quatre especes sont signalees en Mediterranee 
occidentale: Ophelia amoureuxi Bellan et Costa,1988, Ophelia 
bicornis Savigny ,1820, Ophelia neglect a Schneider ,1887 et Ophelia 
roscoffensis Augener, 1910; 0. bicornis peut Eltre consideree cornme 
un complexe polymorphique. Ses diffl•rents phenotypes se distinguent 
par le nombre de branchies et leur niveau d' apparition. 0. neglecta 
pourrait presenter une variabilite similaire, mi'lme si elle est 
nettement moins developpee. 

Dans le cadre d'une revision complete de la famille (Be1lan et 
al., 1990; Bellan et al, en preparation): caracteres taxonomiques, 
validite des coupures des differents taxons, affinites et 
hierarchisation de celles- ci, distribution ecologique et 
geographique des di f f erentes especes, nous abordons ici 1 • approche 
phenetique et phylogenetique des especes ouest -medi terraneennes. 
Des matrices de caracteres ont ete dressees comprenant 1' ensemble 
des caracteres morphologiques pour chacune des quatre especes et 
leurs varietes morphologiques, soit un total de 13 taxons. Une 
etude de similari te phenetique a ete realisee en utilisant le 
coefficient de Sokal et Michener (1958). Les caracteres ont ete 
polarises en apomorphes et plesiomorphes sans tenir compte des 
differents degres intermediaires juges dans ce cas trop subjectifs. 
Les analyses phylogenetiques (cladogrammes) ont ete effectuees a 
1' aide des programme PHYLIP et McClade (Bellan et al., 1990). 

RESULTATS ET DISCUSSIONS 
Le phenogramme (Fig .1) permet la separation des taxons en quatre 

ensembles dont deux ne comprennent qu • une seule espece. Le premier 
monospecifique (1) : o. amoureuxi, abranche, le second egalement 
monospecifique (2) : o. roscoffensis avec un nombre important de 
branchies (23 paires ) , un ensemble (3) avec les deux formes de 0. 
neglecta (17 et 18 paires de branchies) et (4) les 9 formes de 0. 
bicornis (11 a 15 paires de branchies). La similitude entre lee 
taxons appartenant aux groupes 3 et 4 est tree elevee ( >80%) • Lee 
formes A, B et c d' 0. bicornis sont mieux discriminees selon l.e 
caract ere "ni veau d' apparition de la premiere paire de branchies • 
que selon le caractere •nombre de paires de branchies•. 

L' analyse phy1ogenetique (Fig. 2) genere un saul arbre de 
compatibilite (clique) avec 29 caracteres et un seul arbre 
parcimonieux (Wagner) de 40 pas qui presente un Indica de 
coherence de 0, 72 (sur MacC1ade) (Fig.2). Au total, on recense 19 
autapomorphies ou synapomorphies. on peut, encore, distinguer lee 
trois ensembles: 1, 2 et 3+4. Le groupe 3+4 se montre relati vemant 
bien homogene. Toutefois 1a separation des formes de 0. bicornis (+ 
o. amoureuxi) se fait au niveau de deux caracteres discriminants (14 
et 25) . Deux caracteres convergent a sont interessante a etudier. Le 
caractere 21 separe les formes B et C d' 0. bicornis (+ la forme 
abranche d' o. amoureuxi) presentant une reduction anterieure des 
branchies. Le caractere 28 separe 0. amoureuxi abranche et la forme 
A12, dernier avatar de la lignee o. bicornis forme A. Ce caract~re 
convergent peut signifier que 1' origine phylogenetique de 1' absence 
de branchies chez o. amoureuxi est differente de la reduction. des 
branchies dans les formes A, B et C d' 0. bicornis.Il Y aurait deux 
processus de speciation differents aboutissant A une certaine 
similitude morphologique. Ceci n • est d' ailleurs pas en 
contradiction avec l' etude phylogenetique des genr.es d' Opheliidae 
(Bellan et al., 1990) . 

Pour conclure, on peut se poser le probleme du n1veau 
taxonomique reel des especes du genre Ophelia qui semble, tout au 
moins en Mediterranee, constituer un unique· groupe monophyletique: 
1- au niveau specifique ou sub-specifique de la distinction entre 
o. neglecta et 0. bicornis, 
2- au ni veau generique ou sub- generique pour 0. amoureuxi. 
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Fig. 1: Phenogrannre (a, b, c,= form:!s 

a, b e t c de 0. bieornis) 
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CaracUros uliH:.h 
l.prisencodobranchles 0 
2. br8nchles longues 0 
3. tous seg. setigtres 0 
4. nhr. segmenb: 28 0 
5.nhr.setlgeres:28 0 
6. ride dors.longit. absc 0 
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Fig. 2 C1adogramne 
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Genetic comparison of two species of the genus Gammarus (G. 
insensibilis and G. aequicauda) from different geographic areas 

T. PATARNELLO' , P.-M. BISOL• and B. BATTAGLIA·r 

·o;partimento di Biologia, Universita di Padova, Via Trieste 75 - 35121 Padova (ltalia) 
.. lstituto di Biologia del Mare, C.N.R.. Venezia (ltalia) 

Electrophoretic analyses of several species of Amphipods have 
been carried out in recent years with the purpose of studying 
their genetic structure and to elucidate possible mechanisms of 
genetic adaptation to the environment. 

Two species of the genus Ga.mm.a.r..u.s, namely G-. jnsenBjbj 1 is Stock 
and G....._ aequ i cauda Martynov, proved very sui table for this kind of 
research (Bisel et al., 1987). These species seem to occupy 
different niches in the environments from which they were 
collected: G..... ipsepsjbi 1 js lives in more "marine" habitats, 
whereas .G....,_ aegn j cauda is more common in brackish water areas 
where it is subjected to more exacting conditions. Laboratory 
experiments have shown a higher resistance of the latter to wider 
ranges of temperatur;, and salinities (Brun, 1971). However, 
occasionally, the two species can occur together. 

The present study concerns the comparison of the genetic 
structure between and within populations of the two mentioned 
species sampled in the lagoon of Venice and in two lagoons of 
Southern France . 

In the lagoon bf Venice, G... i nsensj bj 1 is was collected nenr S. 
Felice Island, and G... aeg11j cauda at _Piovini. In Southern France, 
.G... ineeneihj lis was collected at Salses-Leucate and .G... aequj,~auda 
at Canet Saint-Nazaire. 

The electrophoretic analyses were carried out on 17 loci 
according to Selander et al. ( 1971) . The loci considered for the 
calculation of the genetic distance were: AP, APK, EST-1, EST-2, 
FH, GAPDH, GOT-1, HK, LAP-1, MDH-1, MPI, PGI, PGM and XDH. 

The results obtained indicate that the Italian and the French 
populations of G... ipsenajhj1ja exhibit heterozygosity levels 
(0.029 and 0.038, respectively) which are not very dissimilar 
from one another. In both cases the observed values do not differ 
significantly from the expected ones. All the loci analysed in 
the two populations are in Hardy-Weinberg equilibrium. 

As to the comparison between the two G... aeguJcauda populations, 
the mean observed heterozygosities appear quite different 
(Venice, Hobs=O. 078; Canet Saint-·Nazaire, Hobs=O. 038) . Previous 
studies conducted on a population of G... aemd cauda from Sigean 
(not far from Canet Saint-Nazaire) indicate a similar 
heterozygosity value (Hobs=O. 037) (Bisel et al., 1987). This 
confirms the lower polymorphism of the population from Canet 
compared with the one from Venice. 

Considering the single loci analysed in the two .G... aegu j capda 
samples, PGI and MPI appear as the main responsible ones for the 
observed differences. In fact, MPI shows an observed 
heterozygosity of 0. 535 in the Venetian population, whereas the 
French population is monomorphic. Similarly, the observed 
heterozygoei ty at PGI locus is 0. 60 in the sample from Venice and 
0.094 in that from Canet. 

The evaluation of the genetic distance performed according to 
Nei (1972) shows, first of all, that the distance between .G... 
j peenei hi 1 i 6 and G... aequj cauda is the one expected between two 
good species ( D = 0. 1402). A high genetic similarity was found 
between the two geographic populations of G... jn§fmsjbjlis (D = 
0.0014), whereas the genetic distance between the Venetian and 
the French populations of .G... aegujcauda is greater (D = 0.0314). 
In any case the latter value is within the range of those 
characterizing local populations of the same species, though it 
pointe out a higher rate of differentiation between the .G... 
aeguicauda populations in comparison with the G...._ ineensjhi l js 
ones. It is difficult to establish the causal factors of such 
differentiation. However, considering that .G... aegJJicauda lives in 
areas which are ecologically more marginal and exacting, it seems 
legitimate to hypothesize natural selection at work, although the 
concurrence of non selective forces cannot be discarded. 

References 

Bi'sol P.M., Patarnello T. and Battaglia B. 1987. Variabilita 
genetica in Anfipodi del genere ~ di ambienti 
ealmastri. Accad. Naz. Lincei Rend. Fis., 80: 593-601. 

Brun B. 1971. Variation intraspecifiques et speciation chez deux 
especes de gammares d'eau saumatre du groupe ~ 
.l=.wi.t._a. These, Marseille, C.N.R.S., A.O., 6247. 

Nei M. 1972. Genetic distance between populations. Amer. Nat., 
106: 283-292. 

Selander R.K., Smith M.H., Yang S.J., Yohnson W.E. and Gentry 
J .B. 1971. Biochemical polymorphism and systematics in the 
genus Peromjscus. I. Variation in the old-field mouse 
(Pergmjscus pliqngtus. "Studies in Genetics" 1 IV, Univ_ Texas 
Pubbl., 7103: 49-90. 

Resume 

Dans ce travail on a compare, par analyse electrophoretique, la 
structure genetique de quelques populations geographiques 
(Adriatique septentrional et Mediterranee pres de la cote 
Fran<;aise) des deux especes de~: G.... insensibj1js Stock et 
.G... aegn i cauda Martynov. Les resul tats montrent que les 
populations de .G... i n~ensj hj 1 is s·ont tres semblables entre elles, 
tandis que les populations de G... aegqj cauda semblent 
differentes. On a aussi calcule la distance genetique, soi t entre 
les deux especes, soit entre lea populations de chaque espece. On 
discute br8vement des mecanismes qui peuvent etre responsables 
des diff~rences observees _ 
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First record of Antithamnion ogdeniae Abbott (Ceramiaceae, 

Rhodophyta) from Italy 

Fabio PIZZUTO and Donatella SERIO 

lstituto e Orto Botanico deii'Univarsita, Via A. Longo 19, 95125 Catania (ltalia) 

The genus Anti thamnion Naegeli (1847), redefined 

by Wollaston (1968) on the basis of the features 

of the type species ~. cruciatum Naegeli, is 

essentially characterized by: axes completely 

lacking rhizoidal cortication; opposite, disti

chous or decussate whorl-branchlets, with a 

small basal cell nearly quadrate in form not 

bearing pinnae; pinnae oppositely, alternately 

or unilaterally ramified; gland cells on specia_! 

ized branches of two-four cells. 
In the Mediterranean Sea the genus Anti thamnion 

is represented by five species ( Cormaci and Fur

nari 1989): !:_. heterocladum Funk,!:_· piliferum 
Cormaci et Furnari, A. tenuissimum (Hauck) Schif 

fner, ~· cruciatum-and~· ogdeniae Abbott. Th; 
first three are endemic, while the last two are 

distributed also in the Atlantic. 
In May and in November 1989, respectively at Po!! 
za (Pontine Islands) and Vulcano (Aeolian Is

lands) , at 20 m depth were collected some tetra

sporangial plants of !:_. ogdeniae. This is the 
first record of this species from Italy. 
The thalli show the typical features of the ape= Fig.l. !• ogdeniae: middle part of' 
cies as described by Abbott (1979), i.e. :plants the thallus showing the typi= 
erect, 4-12 mm tall; whorl- branchlets opposite, cal features of' the species. 

decussate, alternately ramified; gland cells fre 
quent throughout plant, formed on 2-3 celled branchlets growing on the abaxial side 

above each major furcation, each gland cell resting on 2 cells (fig. 1). The first 

record of !:_. ogdeniae from the Mediterranean, is that by Athanasiadis (1985) from the 

Aegean Sea. Nevertheless, on the basis of the comparative study by Athanasiadis {~. 

cit.) between!:_. ogdeniae and!:_. ~. Cormaci and Furnari (1987) consider that 
the species reported as A. antillanum by Boudouresque et Verlaque (1976) from Corsi

ca, should be referred 'to ~· ogdeniae. Moreover, on the basis of the iconography by 

Boisset (1987: 340) and by Barcelo (1987: 374), the records of !:_. antillanum from the 

Mediterranean Spanish coast are to be referred to !:_. ogdeniae too. In fact, they il

lustrate some of the main features that differentiate this species from ~· antilla

num, viz.: erect axes, with equal or sub-equal whorl-bi"anchlets; the presence of op

posite pairs of' pinnae at the lower part of whorl-branchlets; gland cells on 2(3) 

celled branches. 
In conclusion, the finding of ~~ ogdeniae in the middle and lower Thyrrenian suggests 

a continuity in the distribution of this species in the Mediterranean Sea '(fig. 2) 

from the western basin, from which it was recorded as !;_. antillanum, to the eastern 
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Y-IV7 
Taxonomic and biogeographic observations on some species of the 
genus Cystoseira: C. sauvageauana, C. barbatula and C. pe/agosae 

Mario CORMAC! , Giovanni FURNARI, Giuseppe GIACCONE and Donatella SERIO 

lstituto e Orto Botanico della Universita, via Longo 19, Catania (ltalia) 

Cystoseira sauvageauana Hamel 
c. sauvageauana is known as a not-tophulose species. However, a phenological study 

-;;arried out along Eastern Sicily coast (Motta, 1990), show-ed that during the winter 

months the species has a large number of tophules which decrease in size in spring up 

to disappear at all in summer. The occurrence of tophules in ~· sauvageauana is 

therefore linked to the seasonality. That, is of relevant interest for the taxonomy 

of the genus Cystoseira. In fact, it's highly probable that it occurs in other spe

cies (e. g. c. adriatica Sauvageau s.l., C. jabukae Ercegovic, ~· ~ Hauck 
s .1.) consider;d as tophulose or not-tophul~se on the basis of the study of specimens 

collected only in one season. In such view, a revision of the species of Srstoseira, 

based on the study of specimens collected at the same locality every months, should 

be effected. Such a study, on the species from Eastern Sicily, is now ongoing in our 

laboratory. 

Cystoseira barbatula Kuetzing 
During the study on benthic flora and vegetation of Larnpedusa island, a community 

with a caespi tose species of Cystoseirs extending from 0 to 5 m depth was found. The 
species shows the following features: not foliose, bearing ubouquets" of adventitious 

branches on the axis, with smooth naked apices slightly protruding, with compact su

bulate receptacles provided with spinous outgrowths often caduceus. So, it well cor

responds to C~ graeca Gerloff et Nizamuddin described on the basis of Herbarium spe

cimens, sam; of which labelled as ~. barbatula Kuetzing. But, the examination of the 

type materj.al of c. barbatula, borrowed from The National Herbarium of Victoria 

(MEL), showed that both the species from Lampedusa and that one named by Gerloff and 

Nizamuddin£· · graeca, well correspond to £· barbatula. Therefore, the species E.· 
barbatula, for a long time considered as synonym of ~· barbata C. Agardh, regains 

~dity. This is the first record of a very large and well structured community 
with this species, described from the Gulf of Naples, but that seems to be distribu

ted mainly in the eastern Mediterranean (Gerloff and Nizamuddin, 1975 as £· graeca) 
(Fig. 1). In that paper it was also reported from Catania where, however, we never 

f'ound it. 

Cystoseira pelagosae Ercegovic 
This species was described by Ercegovic (1952) on specimens collected at Palagruz 
island (Adriatic Sea) at a depth of 20-40 m. Then it has been recorded from Capo Riz

zuto (high Ionian Seal by Giaccone (1969), from Ustics island, from Scopello 
(Trapani) by Giaccone et sl. ( 1985) and more recently from the Gulf of Orosei ( ea

stern Sardinia) by Seri; (1990) (Fig. 1). It is a quite rare species living in the 

Adriatic Sea, in the lower infralittoral and circalittor~l, while in the other loca

lities, in the upper infralittoral. This bathymetric distribution, different accor

ding to the geographic area, raises interesting questions on the ecology of the spe

cies. In fact, it seems to occupy habitats shallower and shallower as one goes from 

East to West, even though it has been recently recorded, but with doubt, from Corsica 

(Verlaque, 1988) at a depth of 35-40 m. Theref'ore, the ecology of this species is 

still not perfectly clear. 

In conclusion, the genus Cystoseira should be reviewed from both taxonomic and bioge~ 

graphic points of view, since the diacritic characters as "caespi tose", "tophulose", 

"foliosen are not consistent and that several Ercegovic 1 s adriatic endemisms resulted 

widely distributed. 

N Km 

(i) 
Fig.l. Distribution lllliP of'~· pelagosae (e) and £• barbatula (*)· 

The record of'~·~ f'rom Corsica is doubtful. 
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Pah~obiogeographie du Crustace intersitiel Microcharon dans le 

Bassin Mediterranean Occidental 

Nicole COINEAU 

Observat<>ire Oceanologique de Banyuls, Laboratoire. Arago, UA 117 CNRS, Universite P. et M. Curie, 
Banyuls-sur-Mer (France) 

Les Isopodes interstitiels, Microcrustaces de l'ordre du mm, vivent dans l'eau des 
espaces intrasableux des sediments marins, littoraux et continentaux. Leur repartition est 
interpretee dans le cadre de !a biogeographie evolutive (Blonde!, 1986) a partir 
d'arguments complementaires tires de Ia systematique et Ia phylogenie, l'ecologie, des 
modeles de speciation par vicariance ou par dispersion, de !'evolution par progenese 
correlative de la colonisation des sediments par les formes de surface ancestrales, des 
theories relatives a !'entree d'ancetres marins dans les eaux phreatiques (continentales), de 
la paleogeographie, la Tectonique des Plaques et de !'evolution de la Tethys. 

Dans le Bassin mediterraneen occidental, la meme espece de Microcharon peuple les 
plages de sables grossiers des rivages d'Italie, de I' ouest de France, d'Espagne, du Maroc et 
de la plupart des lies mediterraneennes ; cette espece n'existant pas le long des cotes 
atlantiques, a peut-etre ete isolee de la lignee atlantique lors de Ia fermeture du detroit de 
Gibraltar au Messinien ; les formes marines de !'Atlantique occupent encore leur milieu 
d'origine. D'apres le modele biogeographique biphase d'evolution (Boutin et Coineau, 
1990) l'ancetre marin a dil. s'adapter dans un premier temps a la vie interstitielle dans la 
zone infralittorale ou intercotidale tethysienne ; puis selon la "Regression Model Evolution" 
(Stock, 1980), il est entre dans les eaux souterraines continentales lors des regressions de la 
Tethys, entrainant une evolution par vicariance ; la speciation et les evenements 
cladogenetiques seraient done lies a l'histoire de la. Tethys. II est d'ailleurs frappant de 
constater que toute~ les especes continentales se s'ituent dans des territoires qui ont ete 
recouverts par Ia Tethys a une ou plusieurs reprises depuis le Mesozoi'que (Dercourt et al.). 
Les especes primitives de Ia region de Madrid en Espagne et du Haut-Atlas de Marrakech au 
Maroc pourraient provenir de Ia regression de Ia mer turonienne, tandis que l'ancetre d'une 
autre espece plus repandue du Maroc aurait pu etre mise en place lors du retrait de la Tethys 
qui succede a Ia transgression eocene. Au nord de Ia Peninsule Iberique, Ia speciation a pu se 
produire lors des regressions de !'Eocene Superieur, les zones occupees par Microcharon 
ayant ete envahies par Ia Tethys au Cenomanien, au Senonien et a !'Eocene inferieur et 
moyen ; a !'est, le role de Ia Tethys a pu jouer jusqu'au Pliocene, ainsi que dans le Sud-Ouest 
de 1a zone betique. Cette demiere region comporte des especes re1ativement primitives qui 
pourraient-provenir du bloc Alboran reste emerge au cours des diverses transgressions qui 
ont recouvert les territoires betiques. 

En France, les especes pyreneennes se seraient individualisees lors des regressions de 
!'Eocene, tandis que 1es formes dil Sud-Est plus derivees, s'alignent soit sur les rivages de Ia 
Tethys au Tortonien, au S.E. du Massif Central, soit dans les regions transgressees par le 
golfe rhodanien pliocene, Ia speciation remontant au post Pliocene seulement. II en est de 
meme aux Baleares, en Sardaigne et en Italie, oil les especes ont dil. s'individualiser lors de 
Ia regression post-Pliocene. II n'est pas impossible qu'en Sardaigne, Ia transgression 
interglaciaire ait pu entrer en jeu egalement, l'espece sarde presentant une apomorphie 
remarquable. Par contre, en Corse et en Algerie, Ia speciation daterait de regressions 
nettement plus anciennes. Le bloc Corso-Sarde etait relie a l'Iberie et au continent europeen 
a !'Oligocene, et l'espece corse pourrait avoir ete mise en place au cours de Ia regression du 
Burdigalien ou du Langhien. 

La chronologie de Ia speciation etablie d'apres l'histoire geologique de Ia 
Mediterranee permet de dater les divergences des clades. II existe en outre une bonne 
concordance entre les reconstitutions phylogenetiques et les evenements historiques lies a la 
Tectonique des Plaques et a !'evolution de Ia Tethys, les especes les plus primitives etant 
apparues a Ia suite des regressions les plus anterieures, et Ies especes les plus evoluees 
provenant du retrait de Ia Tethys le plus recent. 
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Y-IV9 
Mise a jour des donnees biogeographiques sur le peuplement de 

Spongiaires de Ia Mediterranee 

Maurizio PANSINI 

lstituto di Zoologia deii'Universita, Via Balbi 5, · 16126 Genova (ltalia) 

Bien que le peuplement de Spongiaires de la Mediterranee soit 
assez bien connu, il continue de susciter un interet remarquable, 
un bon nombre de contributions ayant paru au cours des dix dernieres 
annees. 

cette recherche bibliographique se propose de mettre ii jour les 
donnees sur les Spongiaires mediterraneennes ii partir de la note sur 
les affinites de ce peuplement publiee par vacelet (1980). On a 
utilise comme point de depart la liste d'especes (non publiee) que 
cet auteur a bien voulu me confier et la liste publiee par Pulitzer
Finali (1983). L'analyse a ete limitee au peuplement de Demosponges 
puisque pour les Hexactinellides on a eu seulement !'addition de 
Yalonema tomphsoni Marshall aux sept especes deja connues pour la 
Mediterranee (Uriz, 1986), et que la situation n'a pas variee pour 
les Calcarea depuis 1980. 

Les donnees utilisees sortent d'une interpretation personnelle 
des synonymies, qui exclut 53 especes considerees comme incertaines 
(pour la plupart anciennes et uniques citations, souvent avec des 
descriptions insuffisantes) et qui ne tient pas compte des vari~tes. 

Avec ces reductions le nombre des Demosponges connues pour la 
Mediterranee est de 512; il augmente de 59 unites par rapport ii la 
liste de Vacelet (1980) et diminue de 35 unites par rapport a la 
liste de Pulitzer-Finali (1983). 35 especes nouvelles ont ete 
decrites apres 1980. Le nombre des nouvelles signalisations pour la 
Mediterranee - plus difficilement estimable - a cause des 
changements des synonymies - comprend sfirement au mains 5 especes 
(Esperiopsis fucorum (Esper) ,Halichondria agglomerans Cabioch, 
Haliclona fistulosa (Bowerbank) 1 Haliclona rava (Stephens), 
Oceanapia isodictyformis (Carter), mais d'autres donnees sont en 
train d, etre publiees. 

;End6miquea Atlantiques Atlantiques Atlantiques Indo- Circum- Cosmopolites 

234 
45,7 % 

temper~es fro ides chaudes pacif iques tropicales 

64 
12,5 % 

105 
20,5 % 

31 
6 % 

14 
2, 7 % 

13 
2,5 % 

Tab. 1 - Affinitt!s biog6ographiques du peuplement de D9mosponges 
mAditerran6ennea (nombre d'eap}ces et% de la fa~ne). 

51 
10 % 

En considerant les affinites biogeographiques du peuplement de 
Demosponges (Tab. 1), on voit que le noyau d'especes le plus 
important (234) est cel~i des endemiques mediterraneennes, qui 
represente le 45,7 % du total. Cette valeur, meme avec une .analyse 
plus selective des donnees disponibles, s' est augmentee d' un point 
en pourcentage dans les dix dernieres annees, surtout a cause d'une 
meilleure connaissance des niveaux relativement profondes (80-120 m) 
de la Mediterranee occidentale. Il devrait toutefois decroire au fur 
et A mesure que progressent les etudes sur les reg1ons 
biogeographiques limitrophes et les zones profondes (Uriz, 1983). En 
effet les etudes recentes de Boury-Esnault & Lopes (1985) sur les 
At;:ores et de De Weerdt & Van Soest (1986) sur la partie sud-est de 
!'Atlantique du Nord, ont signale en Atlantique 9 especes qui 
etaient considerees comme endemiques de la Mediterranee. Boury
Esnault, Pansini et Uriz (en preparation) en etudiant les echanges 
faunistiques entre la Mediterranee et !'Atlantique au niveau des 
fonds au dessous de 150 m (mission frant;:aise Balgim) ont trouve en 
Atiantique 7 especes considerees comme endemiques de la Mediterranee 
et en Mediterranee 8 especes atlantiques. 

Parmi les (200) especes qui hors de la Mediterranee se 
retrouvent en Atlantique celles avec affinites froides (province 
atlantique boreale, 20,5 %) sont plus nombreuses que celles avec 
affinites temperes (region lusitanienne et mauretanienne, 12,5 %) ou 
chaudes (region senegalienne et especes anfiatlantiques, 6%). Deux 
groupes presque equivalents d' especes sent communs a l' a ire 
indopacifique (2, 7 %) ou ont une distribution circumtropicale. Les 
echanges avec la Mer Rouge a travers le canal de Suez restent tres 
reduits, mais cette donnee peut etre liee a la connaissance - encore 
mauvaise - du bassin oriental. 10 % des especes mediterraneennes 
peuvent etre considerees cosmopolites ou a large repartition. 

Cette mise a jour - qui concerne au mains 10 % des especes de 
Do1imosponges mediterraneennes - confirme l'affinite plus evidente de 
ce peuplement avec la faune de !'Atlantique Nord-Est. Le nombre tres 
elevl1i des especes endemiques peut etre surestime (Vacelet, 1980) 
mais il temoigne de !'existence d'un peuplement tres particulier qui 
s' est developpe dans un milieu ou le niveau de speciation peut etre 
rcHativement rapide, en fonction des fluctuations climatiques et des 
variations de niche qui en sont la consequence (Sara, 1985). 
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The ascidians are considered excellent material for 
biogeographical studies, having an higher percentage of endemisms 
than other benthic groups (Peres & Picard, 1964) . The biogeography 
of ascidians has been little studied in the Mediterranean Sea. 
Peres {1958) establish the biogeographical elements (Atlantic 
-Mediterranean, Senegalense, endemic, paleomediterranean, Arctic, 
immigrated from the Red Sea, circumtropical and cosmopolitan, 
giving a necessary view of the whole. 

Fifty-seven ascidians species have been collected on littoral 
hard-bottoms (0 to 30 m depth) in the Iberian sector of Gibraltar 
Strait and adjacent zones (from Cadiz to Fuengirola, Malaga) . These 
species have been divided in five biogeographical groups, according 
to Ramos (1988) 
1. Atlantic-Mediterranean species (47 .4%), from British Isles 
{western sector) to Dakar. Three elements may be separated: i) 
Lusitanian-Mauretanian components {26.4%) from British Isles to 
Cape Blanco (C. nana, D. fulgens, D. lahillei, D. spongiforme, P. 
lacazei, P. canetense, L. perforatum, S. elegans, s. argus, A. 
coeruleum, A. densum, A. albicans, D. variolosus, S. socialis, P. 
squamulosa); ii) Senegalense component {3. 5%) from Senegal (D. 
obscurum, P. dura); iii) Mediterranean component (17. 5%), which 
appears in Atlantic area {Canary and Azores Islands, Portugal) (P. 
adriaticum, D. granulosum, S. blochmanni, R. neapolitana, C. 
edwardsi, P. ingeria, P. fumigata, H. papillosa, M. polymorphus, M. 
nudistigma) · · 
2. Endemj c species ( 17. 5%) , signaled only in the Mediterranean sea 
(D. coccineum, D. commune, T. inarmatum, Trididemnum pedunculatum 
n. sp., C. dellavallei, A. conicum, A. haouarianum, P. crucigaster, 
P. cyrnusense, M. savigny) . 
3. Boreal species {17. 5%) , reaching north European waters (North 
Sea, Scandinavia) (C. lepadiformis, P. crystallinus, D. maculosum, 
T. cereum, S. turbinatum, P. aurantium, A. mentula, P. rustica, P. 
pomaria, M. occul ta) . 
4. Tropical aff1nlty species (8.8%) (C. denechiajei, D. candidum, 
P. viridis, E. turbinata, M. exasteratus) . 
5·. Cosmopolitan species (8.8%) {D. coriaceum, D. listerianum, P. 
bilobatum, B. schlosseri, B. leachi). 

Gibraltar Alboran Levante Catalufla Baleares 
Atlantic-Mediterranean 47% 42.5% 42.5% 42% 42% 
endemic (Mediterranean) 17.5 19.5 20.5 24 28 
boreal 17.5 21 19 18 14 
cosmopolitan 9 10 10 10 .9 
tropical affinity 7 8 6 .7 

Table 1. Percentages of the biogeographical elements of the Gibraltar Strait 
in comparison with the different sectors of the Iberian Mediterranean 
{modified from Ramos, 1988) 

According to table 1, a strong presence of the Atlantic 
-Mediterranean component is observed, and a gradual decrease of the 
endemic one. The low percentage of the Boreal species is probably 
due to the shallowness of the bottom sampled (no more of the -30m 
depth). 

The Mediterranean component (endemic + Mediterranean species 
reaching Canary and A<;ores Islands, and Portugal) is about 35%, 
that means an high influence of shallow mediterranean waters. on 
this sector. 

It is noted the presence of the Atlantic species Polycarpa 
rustica and Stolonica socialis, and Indopacific one Didemnum 
candidum. 
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The Levant basin, a warm and salty cul-de-sac. is remarkably poor, 
both in species and individuals, compared with the rest of the 
Mediterranean. But, since the opening of the Suez Canal over 120 years 
ago, more than 200 Eritrean species colonized the Levant <Par, 1978) 
bringing about a profound change in the local fauna. 

Ecological, geographical and historical factors have favoured the 
process. termed Less:epsian migration. that is, the colonization of the 
Medi terranea'n by Eri trean species migrating through the Suez Canal. 
Decapods are among the more prominent migrants, to date thirty one 
species of Eritrean decapods became established and founded thriving 
populations along the Mediterranean coast of Israel <Holthuis and 
Gottlieb, 1958; Lewinsohn and Holthuis, 1964; Galil, 1986). 

Three migrants have been discovered but recently_ A species of 
Metapenaeopsis - an Indo-Pacific genus not previously reported from 
the Mediterranean - is the sixth migrant penaeid. Metapenaeopsis 
~is known from the Red Sea, Djibouti and the Maldive Islands. 
It appears that within a remarkably short space of time it has 
succeeded in well establishing itself and forming flourishing 
populations. Panulirus ornatus <Fabricius), recently found in Haifa 
Bay, is widely distributed throughout the Indo-Pacific but has only 
been recorded twice from the Red Sea <Holthuis, 1968). E_, ornatus is 
known to conduct seasonal migrations <Moore and Macfarlane, 1984) and 
is known to inhabit shallow coastal waters and lagoons <George, 1968>, 
Its euryhalinity and proclivity for migration marl< it as a candidate 
for lessepsian migration. Matula banl<si Leach is another widely 
distributed Indo-Pacific species, cgmmonly found on shallow sandy 
bottoms, that occurs in the Red Sea and was found lately off 
coast. 

Biogeographically, the fauna of the Israeli coast is part of the 
Mediterranean, sharing origin as well as basic organization of its 
communities. However, it is set apart from other regions of the 
Mediterranean by some peculiar properties derived from its position. 
origin and and distribution of species, The thirty-one Eritrean 
decapods that have entered the Mediterranean are now well established 
in variou:s habitats in the southern Levant. basin and comprise almost. 
20ll. of the known decapod fauna in our waters, This large cant ingent of 
successful colonizers demonstrates that some types of habitats for 
tropical species are available in the region, The Lessepsian migration 
is an ongoing process and we expect that a continuously growing 
proportion of the fauna will be composed of migrants and change the 
faunal picture of this corner of the Mediterranean - a fascinating, 
unique phenomenon of zoogeographical modification through human 
interference~ 
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A partir de la banque de donnees biologiques MEDIFAUNE et 
d'une abondante litterature ancienne et recente, on a tente de 
dresser un etat des connaissances de la faune marine 
mediterraneenne et de ses relations avec la faune marine mondiale. 
Les differents points suivants sont abordes. 

1. La faune mediterraneenne: 

1 1 Essai d'evaluation des faHnes marjnes ffiQpdia]e et 
med j t erranAenne · 

Un tableau general contenant les donnees ou estimations 
mondiales, celles de Mediterranee, le contenu verifie de MEDIFAUNE 
ainsi que l'etat des complements en cours a ete dresse. 

Cette compilation nous a permis de separer les groupes bien 
connus de ceux qui le sont moins bien et qui necessiteraient des 
etudes plus approfondies. 
1 2 Vi tesse d' acauisition des connaissances en Mediterranee · 

Les connaissances sur la faune medi terraneenne n' ont pas 
augmente regulierement mais par etapes . Les grandee etapes 
d' acquisition des connaissances sont analysees pour un certain 
nombre de groupes ·tests. Pour cela nous avons pris les groupes 
representee en Mediterranee par plus de 150 especes, que nous 
comparons a l' ensemble de la faune. 
1 3 Analyae et discussion des rftsul tats 

Ces tentati ves d' evaluation de 1' importance de la faune 
marine mediterraneenne par rapport a la faune marine mondiale, du 
rythme de sa connaissance posent un certain nombre de problemes 
qu' il est necessaire de cerner afin de relativiser certains 
resul tats et d. elaborer quelques conclusions . 

2 Repartition des esp~cea m§diterrap4ennea d'aprAs 
HEPIFAilNE· 

L' existence d' une banque permet d' enregistrer avec 
certitude et d'une maniere tres complete un certain nombre de 
donnees brutes et de donnees elaborees mettant en evidence, 
lorsqu'on les analyse, les caracteristiques generales de la faune 
medi terraneenne. 

2 1 R$sul tats bruts · 
Ces donnees peuvent etre totalisees et fournir des bilans 

aussi bien hors de Medi terranee que dans 1 • ensemble de la 
Mediterranee et dans ses differents bassins. 
2 2 Aspects qualitatjfs plus prftcis· 

L' existence de differents problemas taxonomiques generaux 
ou biogeographiques simul tanement dans plusieurs groupes 
zoologiques peut etre mis en evidence a l' aide d. une banque du type 
de MEDIFAUNE. 
Des exemples tels que ceux concernant des especes ou . des 
groupes·tests, des taxons posant des problemes de distribution 
biogeographique ainsi que divers examples de speciation sont 
fournis. 
2 3 Repartition bathymetriaue · 

La repartition bathymetrique est tres souvent fournie de 
maniere globale sans tenir compte des densites de repartition et 
des recol tes accidentelles. Lea donnees precises contenues dans une 
banque permettent de relativiser certaines generalisations abusives 
ou ecologiquement aberrantes. 
2 4 Conclusions: 

L'aide d'une banque de donnees est soumise a un certain 
nombre de contraintes qu' il nous parait utile de discuter en m~e 
temps que les avant ages de 1' outil. 

3. L'endemisme mediterranean : 

L' endemisme apparent n' est pas equivalent dans tous les 
groupes; il est le resultat d'un certain nombre de fact<;lurs 
externes( histoire, pression selective .. ). biologiques (mode de 
dispersion, adaptatibilite du genome, •. ) et de conditions 
conjoncturelles (etat des connaissances) . Un bilan actuel complet 
est extremement difficile mais un etat provisoire peut etre dresse 
selon: 

3 l L' importance numeriaue (niveau generique et sp<kifique) 
3 2 La rt9parti tion g9ographicrue 
3 3 La repartition bathymetrique 

4. Conclusions g(ml!rales: 

Un certain nombre de conclusions generales peut etre tire 
de ce bilan sur 1' eta t des connaissances avec: 

4. l. Les points· cles paraissant acquis et sur lesquels il ne parait 
pas necessaire de revenir dans un proche avenir. 

4. 2. Les problemas poses et qui peuvent fournir de f ructueuses 
voies de recherches. 

Nous classerons ces problemas selon deux plans : sur le 
plan fondamental d'une part et sur le plan plus directement 
applique d'autre part. 

Sur le plan fondamental se si tuent 1' accroissement des 
connaissances dans les secteurs ou les milieux encore peu ou mal 
connus, les problemas de repartition quantitative des especes, 
enfin 1' approche genetique des especes endemiques, des vicariantes 
et, plus simplement des differentes populations d'une meme espece. 

Sur le plan applique,nous distinguerons, d'une part, les 
problemes lies a la protection de 1' environnement et des especes 
rares ou sensibles,d'autre part ceux concernant l'exploitation des 
especes d'interet economique et les bases fondamentales de 
1' aquaculture. 
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Introduction 

Biogeochemical flux studies have furnished data on the vertical flux of 
natural and artificial radionuclides through the water column in the North Pacific 
and North Atlantic, however, until recently similar information for the 
Mediterranean has been lacking (Fowler et al., 1987; in press). As part of the 
French DYFAMED PFogramme, sediment trap;-w;re moored in the Ligurian Sea at 200 m 
depth approximately 15 nautical miles off the coast of Corsica. The total depth of 
the water column at this station was 2200 m. The automated sediment traps were set 
to collect six consecutive samples at intervals of every 6. 25 days during April-May 
1986. On 26 April 1986, the accident at Chernobyl occurred and subsequent sampling 
of air, sea water, plankton and sedimenting particles allowed assessing the 
behaviour and transport of Chernobyl-derived radionuclides in the northwestern 
Mediterranean Sea (Fowler et al., 1987; Whitehead et al., 1988; Holm et al., 
1988)- Here we report the~oOCentrations of 239

+
2 -Qopuand 2

,
41Am in vari;u;-samples 

collected before and after the Chernobyl fallout was detected in this region. 

Results and Discussion 

The Chernobyl fallout was first detected in Monaco on 30 April and subsequent 
wet and dry fallout analyses indicated that peak Chernobyl fallout delivery to the 
sea surface near Monaco occurred during 4-5 May (Whitehead et al., 1988). The 
total integrated deposition of 239

+
240Pu at Monaco following the accident was 10:!:1 

mBq m- 2
• The 241Am/ 239

+
240Pu activity ratio was 0.13±0.03 corrected to 26 April. 

This ratio is lower than the integrated ratio today from nuclear test fallout 
( 0. 36) but will increase rapidly due to the decay of 241Pu since the 
241Pu/239

+
240Pu ratio was unusually high (=86) in the Chernobyl fallout. The 

deposition of 239
+

240Pu was 9nly about 0.02% of the previous integrated deposition 
from nuclear test fallout' which means that post-Chernobyl samples contain activity 
from both source terms. The two sediment trap samples collected before 26 April 
are considered to contain only background levels of 239

+
240Pu and 241Am arising 

from nuclear testing faiJ.out (Table 1). Thus, an average 241Am background 
concentration in sedimenting particles of 0.78 Bq kg-' dry can be computed. 
Plutonium concentrations in the first two samples varied to a greater degree and an 
average concentration of 3.7 Bq kg- 1 may be represe.ntative. Fission product 
analyses indicated that the maximum concentrations of Chernobyl-derived 
radionuclides were found in particles at 200 m during 8-15 May (Fowler et al., 
1987). Comparison of the average pre-Chernobyl levels with the transurMic 
concentrations measured in particles collected between 8-15 May indicate an 
increase in 239 

.... 
240Pu and 241Arn by a factor of 2.6 and 4. 7, respectively (Table 1). 

Transuranic concentrations decreased thereafter similar to those of the fission 
products (Fowler ~ ~·, 1987) indicating the pulsed nature of the vertical flux of 
Chernobyl-derived radionuclides associated with sinking particles. 

Microscopic examination of the sediment trap samples showed that a large 
proportion of the particulates was zooplankton fecal materiaL Zooplankton netted 
over the traps and particularly their freshly excreted fecal pellets also contained 
relat.lvely high concentrations of transuranics (Table 1). In the case of 
plutonium, conce~trations were quite similar in fresh fecal pellets and in the 
P.articulates from 200 m. If we assume that most of the particles in the traps were 
fecal pellets (Fowler ~ ~-, 1987), the increased Am/Pu ratio in the sinking 
particles from 8-15 May compared to that in pellets produced over the traps on 6 
May suggests that sinking fecal pellets scavenged 241Am to a greater extent than 
239 

.... 
240Pu as they sank through the water column. A similar observation has been 

made for these transuranics in north Pacific waters (Fowler~~-. 1983). 

Table 1. Concentrations, activity ratios and vertical fluxes of transuranics in 
the northwestern Mediterranean before and after the Chernobyl accident. 
Concentrations in zooplankton and their fecal pellets are also given for 
comparison. 

Concentration Ratio Mass flux Flux 
Sample/Date 239+240Pu 24l.Am* Am/Pu 239+240Pu 241Am 

(Bq kg~' dry) (mg m- 2 a-') (mBq m- 2 d- 1
) 

Sediment trap (200 m) 

13-20 April 5.43 0.87 0.16 213.7 1.16 0.19 
20-26 April 2.00 0.68 0.34 111.5 0.22 0.076 
26 April-2 May 3.00 1.51 0.50 63.9 0.19 0.096 
2-8 May 3.22 1.05 0.33 65.5 0.21 0.069 
8-15 May 9. 70 3.63 0.37 53.6 0.52 0.19 
15-21 May 4.71 2.83 0.60 57.6 0.27 0.16 

Zooplankton (0-100 m) 0.016 0.004 0.25 
6 May 

Fecal pellets (0-100 m) 7.4 0.63 0.09 
6 May 

*2411\m values corrected for ingrowth from 241 Pu 

From Table 1, the integrated vertical flux through 21 May of post-Chernobyl 
239

+
240Pu associated with sinking particles is calculated to be approximately 7. 5 

mBq m- 2
• Comparison of this value with the total integrated wet and dry deposition 

at Monaco cited above suggests that 75% of the plutonium deposited in this region 
had fluxed through 200 m depth within one month following the accident. To our 
knowledge there are no other comparable transuranic data from sediment trap studies 
which were underway in European waters following the accident. Nevertheless, our 
results have demonstrated that small, but significant inputs of 239

+
240Pu and 241Am 

resulting from the Chernobyl accident were measureable in the northwestern 
Mediterranean. OUr data also suggest that both radionuclides were rapidly 
scavenged from the surface layers and transported to depth by sinking biogenic 
debris. 
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Greece is one of the European countries significantly affected by the 
Chernobyl accident., The average value of n 7 Cs deposition in the mainland part is 
estimated to be approximately 6 kBq m_,, the regional averages vary between <1. 3 
and 30 kBq m- 2

, while local maxima up to 60 kBq m- 2 have been observed (KRITIDIS 
and PAPANICOLAOlj,, 1987). Most of the data for the caesium deposition (over 400) 
come from gamma-spectrometry of soil samples collected by a standard proc<>dure from 
all the regions of the country. 
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Fig.l. Estimated deposition pattern for total caesium and borders of the sea areas 
of integration. Note that 137Cs activity equals 661. of the total caesium activity. 

A large part of the Greek territory is located close (<50 km) to the sea. 
The Aegean Sea is surrounded by or includes 23 regions for which the caesium 
deposition has been· estimated. 10 of them belong to islands and 13 to the mainland 
part of the country. The Ionian Sea includes 4 island regions and borders with 7 
mainland regions of the West Greece coast. This allows making a rough estimation 
of the amounts of n 7 Cs deposited in the Aegean Sea and in certain parts of the 
Ionian Sea by interpolating the deposition values for sea regions located between 
the island and/or mainland "points" and integrating the iriterpolated values over 
certain sea areas. 

The reliability of such a procedure could. be criticized taking into account 
the irregularities observed in the deposition pattern of the mainland part. To 
have an idea of the possible deviations of the estimated values from the real ones, 
we used the data from the coastal and border regions to interpolate for the inner 
parts of the country and to compare the results with the known values for these 
parts. This led, for two regions of Central Greece, to an underestimation of the 
regional average by 2-2.5 times. It is clear that the interpolated "sea deposition 
pattern" provides only a very rough idea of the real situation. 

The interpolated data from the above "test" were used also to calculate the 
average value of the "'.'Cs deposition in the inland part ( 38 regions) and to 
compare it with the average based on the known values. In this case the 
underestimate was only 12% due to the fact that the interpolation procedure had to 
be applied in only 8 of the 38 regions. This indicates that the average deposition 
values as well as the total 1.::ncs input estimated for the Aegean and Ionian Sea 
could differ from the real value by no more than e.g. ±50%. 

The interpolated caesiwn deposition patterns for the Aegean and Ionian Seas 
are shown in Fig. 1. The average deposition of ' 37 Cs in the Aegean Sea {including 
Cretian Sea as shown in Fig .1) is estimated to be 4 kBq m- 2 and the total caesium 
input in this area of 205,000 km 2 is roughly 8.2xl014 Bq. The respective values 
for the part of the Ionian Sea shown in Fig .1 (area of 24,300 km2 including the 
Korinthiakos gulf) are 2. 5 kBq m- 2 and 6x10" Bq. Therefore about 9x10 14 Bq (24 
kCi) of 13-'Cs has been deposited in a 230,000 km2 marine area surrounding Greece. 
If one accepts the estimations pre~ented in DOE ( 1987), this corresponds to 2. 4% of 
the 1:-ncs activity deposited in Western Europe and to 0.8% of the total '-==ncs 
released from the damaged Chernobyl reactor. 
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Y-V3 
The Radioactivity Levels in Rapana Thomasiana 

thomasiana from the Bosphorus and Black Sea after the 
Tchernobyl Accident 

A.·M. BULUT, S. TOPCUOGLU, N.SEZGINER, M. SONMEZ and N. BAYULGEN 

Cekmece Nuclear Research Center, P.O. Box 1, Airport, Istanbul (Turkey) 

Some papers have been published on the occurrence of Tchernobyl radionuclides 
in the marine environment of the Black Sea (Topcuoglu et al., 1988a; Guven et al., 
1990). Radioactivity measurements in some bioindicato;-m~ine organisms, --
particularly those living beneath the sediments were made in order to correlate 
radionuclides concentration in the organisms with those in the sediments. 

The shellfish Rapana ~ thomasiana (Gross) was collected from the 
Bosphorus and Black Sea during the period 1986-1988. The wet weight was determined 
for all samples. Prior to radioactivity analysis, the soft parts of the animals 
were dissected. All samples were pooled, freeze-dried for several days to a 
constant weight and counted. 

Table 1. R21.dioactivity levels in the ~::;oft p,:'lrts of B__.thoma_~na 

:!;__t1__Qfllasi ana ( Bq ,.1-1 dry weight ) • To conver·t these units to wet weight 

divide by 4. 

Call. Location 

date 

1986 

Jul '/ Fat sa 

Dec Sinop 

Dec F3tS£:\ 

Dec Bosp 

1f:f8/' 

Feb Fat sa 

.JunE.~ Fat sa 

Jun.::::> Bo~.:;p 

Jul '/ S.i nop 

?-'U(J :SCl~-;;p 

F'eb Fc:."t.s.s 

t·ldr· 

~1ar Bosp 

Tot .(l 

0.009±0.005 0.029±0.003 o .. .1.43±0.030 0.005±0.004 0.160 

ND 0.002::!:0 .. 001 0 .. 019±0.008 0 .. 003±0.002 0.168 

0 .. 007±0. 003 0 .. 027:!::0 .. 004 0 .. 126±0. 04::::: 0. 007±0. 006 (l. 157 

ND 0 M 005:!.:0. oo::::: ND 0.147 

0.006±0 .. 00•1 0 .. 029±0 .. 0:1.5 0.065±0.023 0.013±0.010 0.165 

0. 00~5±0. 002 (J. 009±0 .. 005 0 .. 04l:ti) ~ 01~.~ 0 .. 004±0. oo::: 0. 185 

ND 0. 003:1:0. 002 ND 0.003±0. 002 0. 171 

ND ND 0 .005±0.004 0.190 

I\ID ND ~HJ ND 0.185 

ND 0. 007±0 .. 006 ND 0.178 

I\ID NJJ ,,m 0.002:t0k001 0 .. 163 

I\ID ND l\iD ND 0.167 

cnunt\?d in Februar .... y .:-,tnd ,January 19f:J8. 

''
4 Cs activity was detected only in Fatsa samples during 1986 and 1987. 

,:~ 4Cs activity was also detected in Black Sea algae during 1987 (Guven et al., 
1990). ""Cs activity in July 1986 was 0.029 Bg g-' in the Fatsa sampl;;-
decreasing slightly at the same site in June 1987. At the same time, the " 7 Cs 
activity was found at very low levels in both Sinop and Bosphorus samples in 1986. 
It should be noted that the " 4 Cs and n·'cs activities were found to be higher in 
Fats a samples than at other locations. These results were also in good agreement 
with our prior work (Topcuoglu ~ ~·, 1988b). The deposition of the Tchernobyl 
radionuclides in hazelnut product was found to be higher in the eastern Black Sea 
region than in the western Black Sea. 

The ' 06Ru activity in the Fat sa sample in July 1986 was 0.143 Bg g-' and 
decreased to 0. 065 Bg g-' level in February 1987 at the same location. w"Ru was 
also detected in Sinop samples during 1986 and 1987. 

After the Tchernobyl accident, t.l 
0 ""'Ag was also measured in marine organisms. 

In the present work, we also detected 110"'Ag activity at low levels, in al-l samples 
collected during 1986 and 1987 except in those from the Bosphorus. 

q
0 Sr activity was below 1x10-4 Bg g-' in all samples. 

HEFE:RENCt::S 

Ki:iSE,N .. , 

u-f Bl r~ck Se-:1 

Teo>'icclo.Jical 

Chf?rnp)·:··y1 

Oct. 

TOrDJOGI..LI, S., DLJLIJT, A. ~1., BIWi.iL.GEN, N., E'3EN.,II., i'\I:Gui\I,F., f<UT, D., 

t\. ~ 'v'(H~{ I NL I OGI_U, () • . , (~L TUI\!!.)P1G ~ N. c:nd S{iF: f t'iF.."HML::TOGLU ., 0 .. 

198C:b .. of Chcr--nobyl F:,-:te)j in Hazel nut 
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Y-V4 
Radioactivity Levels in Marine Algae from the Black Sea 

and Marmara Sea 

K.-C. GUVEN", S. YURDOGLU .. , N. GUNGOR .. , S. TOPCUOGLU"", E. CEVHER" .. and B. 
OZTURK .... 

"Institute of Marine Science and Geography, Istanbul (Turkey) 
.. Cekmece Nuclear Research Center, P.O. Box 1, Airport, Istanbul (Turkey) 

... Faculty of Pharmacy of the University, Istanbul (Turkey) 
.... School of Aquatic Products of the University, Istanbul (Turkey) 

The accident at Tchernobyl nuclear power station on 26 April 1986 has be"n 
the subject of radionuclide contamination surveys in algae (Guven et al., 1990), 
fish, (Topcuoglu ~ ~-, 1988) and sediments (Buesseler ~ ~-, 198-i)of the Black 
Sea. In this work the algae were collected from the Turkish coasts of the Black 
Sea in 1989 and Marmara Sea during 1981-1989 and their garruna isotopic analysis was 
made using i-ray spectrometry (Canberra, S 85). The gross beta r,adioactivities of 
the samples were also measured wi_th a gas-flow proportional counter. 

'!'able l 

Algae Location date 

Chae tamorpha linum :;;ile ( 1) nd o.oiO±o.oo6 1.476±0.216 

C. linum 

Ulva ri~tida 

U. rigida 

tl. rigida 

u. lactuca 

Cystoseira barbata 

c. barbata 

v. barbata 

C. bsrbata 

Ceramium rubrum 

C. rubrum 

Phyllophora nervosa 

Sinop 

;;ile 
Amasre 

Arakh 

Sinop 

L0nea:la 

Be$ikdUzU 

;;nye li 

Sarp 

;)ile 

Sinop 

:;>ile 

( l) 

( l) 

( 2) 

(2) 

( l) 

( l) 

( 2) 

( 2) 

(2) 

(l) 

( 1) 

(1) 

nd 

(0.005 

nd 

nd 

nd 

( 0.005 

< o. 005 

nd 

nd 

nd 

nd 

nd 

o.ou:to.oos 

o.ou±o.oo6 

0.006±0.003 

0. 007±0. 004 

0.005 

0.015±0.009 

0.015±0. 009 

0.015±0.007 

0.007±0.003 

o. oo6±o. 004 

0.012:'::0.007 

0. 009±0. 005 

2. 525±0. 268 

0.749±0.210 

0.541±0.228 

0.537±0.230 

1.021±0.622 

0.901±0.175 

o. 34o±o. 203 

O. 4 30±0.126 

1. 579±1. 379 

0.817±0.209 

0.906±0.301 

0. 597±0 .149 

Collection date: (l) Jun. 1989, (2) JL,l. 1989, Countin;;:.date: Aug.-Dec.l989, 
Feb. 1990 

The u' Cs levels found in the algae samples collected from regions of the 
Black Sea in 1989 are given in Table 1. As can be seen, 137Cs was detected in somP 
of the samples but 134Cs was only detected in Ulva rigida and Cystoseira barbata. 

Table 2 

Algae Location 
date Radionuclide concentration Bq/g 

Io6Ru 134cs IJ/ Cs 

,dry v.eight 

40K 

Ulva 
lsctucs 

Corallina 
gran i fer a 

( 1) 

( 2) 

o. 62o!o. 077 

+ -0.110-0.038 

Collection sites: (l) f(anakkalA, (2) Gelibolu, a) Collection date, 

b) Counting date, nd: not detected. 

Radioactivity in the algae collected from the region of the Marmara Sea is 
shown in Table 2. Of the algae collected from Canakkale in 1987, n

4 Cs and ""Cs 
activities were detected in Ulva lactuca. 137 Cs alone was detected in CVstoseira 
barbata, Padina pavonia and Ceramium rubrum collected in 1989. "1.='ncs was also 
found in Codium fragile collected from Canakkale in 1983 and 1987, but not in 1989. 
106Ru activity was detected at the <O. 010 level in U. lactuca and Corallina 
qranifera. Total B-activities were found to be bet;een 0.163-1.39~ 

In our earlier study of radionuclides in the algae of the Black Sea, it was 
found that contamination due to Tchernobyl was present and it gradually diminished 
until 1988 (Guven et al., 1990). Comparison of the results from the earlier work 
with those of the P,:e;;;nt study showed that radionuclide contamination of the algae 
diminished over time. The highest contamination appeared at Igneada, Inebolu-Sinop 
and Sarp on the coasts of the Black Sea. 
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Y-Vs 
Radiocesium Levels in Algae, Shellfish and Sediment Samples 

collected from the Eastern Mediterranean Coast of Turkey 

S. TOPCUOGLU" , 0. KUT" , N. ESEN" , K.·C. GUVEN"" and E. CEVHER""" 

•cekmece Nuclear Research Center, P.O. Box 1, Airport, Istanbul (Turkey) 
""Institute of Marine Science and Geography, Istanbul (Turkey) 
•••faculty of Pharmacy of the University of Istanbul (Turkey) 

Radioactive contamination from the Tchernobyl accident in the marine 
envirorunent of Turkey has been detected in fish (Topcuoglu ~ ~., 1987), algae 
(Guven ~ ~-, 1990) and shellfish'(Bulut ~ ~-, in press). In this study we 
report the data obtained on the radioactivity levels in algae, shellfish and 
sediments collected from eastern Mediterranean coasts of Turkey in 1989. 

The algae samples were collected from Akkuyu, Yumurtalik, Bota~ and Karata~. 
Patella ."!E· were collected in Akkuyu. The sediment samples were taken with a 
Beckman type dredge from approximately a 10 m depth in the Akkuyu area. The 
samples were dried and analysed by a i -ray Canberra S-85 4 K MCA spectrometer 
coupled to a high purity Germanium detector ( Ortec GMX). 

:i~mple 

~ LGAE: 

Cyatoseira crini ta 

C. fimbria t a 

l'adina pavonia 

Jania rubens 

Halopteris sp. 

llictyota dichotoma 

Cladoatephus verticilatus 

Padina pavonia 

Jania rubens 

Sargassum hornshuchii 

S. ho-rnshuchii 

S. hornshuchii 

S. l-inea 

SHELLFISH 

Patella sp. (soft part) 

Patella sp. (shell) 

SI!:OE~t:i:H 

Sample l 

To b le l 

Location 1 34c8 137 Cs 

Akkuyu ( l) 

Akkuyu ( l) 

A!,kuyu ( 1) 

Akkuyu (l) 

Akkuyu ( l) 

Akkuyu ( 1) 

Akkuyu ( l) 

Ywnurtahk(2) 

Yumurtahk(2) 

Yumurt3hk(2) 

Bota>:;J (2) 

nd nd l. l98±o. 169 

nd 0.002lt.0.0018 0.879~0.174 

nd 0.0019:!:0.0018 0.70lt.O.l25 

nd 0.0024±0.0020 0.166±0.077 

ncl 0.0016:!:o.0015 0.471:!:0.116 

nd 0.0022±0.0019 1.272±0.136 

nd nd 0.967±0.237 

nd nd 

nd nd 

nd 0.0032±0.0026 

nd nd 

Karat::J'] (2) nd nd 

l(arattl'} (2) nd 0.0025±0.0021 

A kkuyu ( 1) nd o. 002ot.o. 0018 (0. 061-Lo. 006 

Akkuyu (l) nd o.0019±o.ool8'\0.06l±o.oo6 

Akkuyu (l) nd 0.0025±0.0021 0.241±0.044 

Samole 2 Akkuyu (l) nd 0.0020±0.0017 0.290t0.145 

(1) Collection date July 1989, Counted date Sept. 1989 

(2) Collection date June 1989, Counted date Feb. 1990 

nd: not detected 

The results are given in Table 1. They indicate that n 4 Cs activity was not 
detected. 137 Cs was found in the sampler in varying amounts, i.e. in very low or 
non-detectable levels. 

Comparison of the results with those of the earlier study showed that the 
amounts of 137CS in Cystoseira ~ and Jania rubens were 0.0047 and 0.0039 
Bq/g respectively in 1984 but diminished to 0. 0021 and 0. 0024 Bq/g. At the same 
time, the amounts of 137 CS in sediments collected from Akkuyu were negligible in 
1984 and 1989 (Cnaem, 1986). On the other hand, the 137Cs activity levels are also 
in the same range in Antalya sediments collected in 1986 before and after 
Tchernobyl accident (unpublished data). 

These results indicate that the effect of the Tchernobyl accident was not 
apparent in the Mediterranean coasts of Turkey. 
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Y-V6 
Le 137Cs et le 134Cs dans les Sediments Marins Superficiels de Ia 

Zone Cotiere Cannes-Monaco et du Nord du Canal de Corse 

Yolande THOMMERET• at lang HUYNH NGoc-· 

•centre Scientifique de Monaco, 16 Boulevard de Suisse, 98000 (Monaco) 
·•Laboratoire International de Radioactivite Marine (A.I.E.A.), 19 Avenue des Castellans, 98000 (Monaco) 

IN1RODUCTION 

Parmi Jes radionucleides disperses dans !'atmosphere et dans Jes milieux terrestre et 
marin apres !'accident de Tchernobyl, Je l.37cs et Je 134es ont ete analyses dans des sediments 
marins superficiels preleves en mai 1986 dans !'embouchure du Rhone, de 1987 a 1989le long de !a 
·cote de Cannes a Monaco a des profondeurs_ de -12m a -175m par Je N/0 Catherine Laurence de 
l'Observatoire oceanologique de Villefranche-Sur-Mer et en 1987 dans 1e nord du canal de Corse a 
!'est de Bastia sur des fonds de -200m a -500m par le N/0 Winnaretta-Singer du Musee 
oceanographique de Monaco. 

Certaines carottes s~dimentaires, d'une dizaine de centimetres de longueur, obtenues 
par benne VanVeen ou par carottier Kullenberg, ont ete debitees en section de 1 a 2cm pour 
determiner Ia distribution verticale des deux radiocesium. Les echantillons sees ont ete analyses par 
spectrometrie gamma ( detecteur au germanium assode a un ensemble gere par ordinateur ). 

RESULTATS ANAL YTIQUES 
Les teneurs en 137 Cs et en 134es dans les sediments etudies montrent Ia difference 

des depots en 137 Cs et en 134es qu secteur continental et du secteur iii en. 
Le long des cotes de Monaco a !'embouchure du Rhone , oil les profondeurs de 

prelevement s'echelonnent de -12 a -175m, Ies teneurs en 137cs varient de 0 ii 14 Bq.kg-1 poids sec 
dans toutes les colonnes sedimentaires, Ie 134cs present dans Ies niveaux superieurs des carottes ii 
des concentrations oscillant de 0 a 1,8 Bq.kg-1 poids sec, n'appara!t plus au-dessous de Scm. Dans 
Ia distribution verticale des deux radiocesium de Ia carotte pn!Jevee en fevrier 1987 a Cannes a -
175m de profondeur, Ia concentration en 137 Cs qui decroit rapidement depuis le niveau 0-2cm de 
Ia carotte, est encore mesurable a !'horizon 10-12cm, le 134cs de teneur plus reduite 0,3 Bq.kg-1 a 
2-4cm est absent dans des niveaux inferieurs a 4cm. A titre comparatif, des teneurs de 0,7 a 0,3 
Bq.kg-1 poids sec avaient ete mesun!es dans les quatre centimetres superieurs des sediments fins 
vaseux ·carottes ep octobre, 1965 a -110m de profondeur a 350m au sud du Cap Ferra!, Alpes 
Maritimes (43°40 3 N -7°19 6 E), (Thommeret,1985). 

Les sediments de !'embouchure du Rhone, carottes quelques jours '!Pres !'accident de 
Tchernobyl, ont ete rapidement enrichis en 137es (268 Bq.kg-1 poids sec) et en 134cs (114 Bq.kg-1 

poids sec) confmnant les observations de Delfanti et al (1988). Selon ces auteurs les concentrations 
les plus elevees en radiocesium dues a Ia contribution de Tchernobyl sont generalement trouvees 
dans les secteurs directement soumis aux influences des apports fluviatiles. D'autres auteurs, 
Calmet et al (1988) ont egalement montre qu' au niveau des embouchures des fleuves les sediments 
sont marque's plus profondement en fonction de !'importance des apports fluviatiles. 

Dans les sediments du nord du canal de Corse carottes en juillet 1987 entre -200 a-
500m aucune trace de 134es n'a ete identifiee, Je 137es (3,0 Bq.kg-1 poids sec) est mesure dans les 
deux premiers em de Ia carotte de -200m a !'exclusion des autres niveaux et des autres 
prelevements. 

ParalleJement aux mesures radiometriques des s/diments , les teneurs en 137 Cs et en 
134es des poussieres atrnospheriques collecte'es sur Ia terrasse du Musee oceanographique de 1986 
a 1990 ont les valeurs suivantes exprimees en Bq.m-3): 

137es 134c5 

Mai 1986 1,5EO 0,8EO Ballestra et a! 
Mai 1987 24E-6 7E-6 
Mai 1988 lOE-6 IE-6 
Mai 1989 5E-6 n.d 
Jan 1990 2E-6 n.d 

Les sediments cotiers de Cannes a Monaco preleves i profondeurs reduites et dans 
des stations proches de Ia cote ont ete' Soumis a des apports telluriques et des apports terrrigenes 
balayant des zones plus etendues que les sediments du canal de Corse carottes entre -200 et -500m 
ou les particules radioactives de Tchernobyl n'etaient pas parvenues en juillet 1987. 

Revelant !'introduction des retombees de Tchernobyl dans les sediments marins 
superficiels analyses, les teneurs en 137cs sont, a !'exception des sediments de !'embouchure du 
Rhone, analogues a celles trouve'es par Calmet et Fernandez (1988) dans Ia premiere cartographie 
de Ia distribution du 137es des depots recents ou les teneurs fluctuent de 0,5 a 35 Bq.kg-1 poids sec 
pour des sediments des cotes franc;aises de Mediterranee et de Ia plaine abyssale du bassin 
occidental mediterrane'en. 
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Environmental Cs-137 Concentration Factors for Black Sea Biota. -
Preliminary Data 

lolanda OSVATW, Alexandru BOLOGA•• and Constantin DOVLETE· 
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Using field-d,erived data, Cs-137 concentration :tactors <CF> 
were calculated for some common species of fish, mollusca and mac:ro
phyta populating the Romanian sector of the Black Sea. The preliminary 
data presented in this paper are based on the analysis of 140 of the 
biota samples and 60 of the surface water samples collected during 
1987-1989. 

Water sampled quarterly from one 30 Nautical miles <Nm> offshore 
and four shore-line locations <Fig. 1>, unfiltered, was infra-red 
evaporated to residue. Collected from the same area <43°45- N to 44°15-
N, within 30 Nm offshore), biota samples - whole body for fish and 
algae and soft part for mollusca - were washed, then ashed at 450°C. 

30' 

100[ilijj 
50 

0 
'87'88'89 

Fig. 1 Cs-137 concentration in Black Sea water <mBq/1> in 
1987, 1988 and 1989 : annual mean values for each sampling 
site <1-5); annual mean values for all sampling sites 
together CM>, used in CF computation. 

Gamma spectrometrical analyses were performed using low-back
ground, high resolution equipment. 

Concentration factors were computed for Cs-137, as radionuclide 
of major interest following the Chernobyl accident in 1986. Annual mean 
values <including all sampling points> of Cs-137 concentration in water 
<Bq/1), and individual,. as well as annual mean per species values of 
Cs-137 concentration in marine biota <Bq/kg fresh weight) were used 
in computations. The concentration factors thus obtained <Table 1> 

in agreement with those in <IAEA, 1985; GOMEZ et al, 1987>. 

Table 1 

Species Characteristics Concentration factor range 
annual individual annual individual 

Sprattus sprattus phalericus P,E 62-69 
Engraulis encrasicolus ponticus P,E 35-59 
Xerlangius merlangus euxinus D,F 45-50 

Gobius melanostomus D,E 53-61 
Trachurus mediterraneus ponticus P,E 50-53 

llytilus galloprovincialis B,E,F 13-27 

llya arenaria B,E,F 24-47 

Scapharca inaequivalvis B,B,F 9-38 
Rapana tholl!l.siana G,F 21-27 

Enteromorpha 1ntest1nal1s C,F 30-49 
Bnteromorpha linza C,F 
Cladophora sericea C,F 24-33 

Bryopsis plumosa C,F 26-44 
Ceramium elegans R,F 43-60 

D-demersal 
B-Bivalvia 

P-plankton-feeder E-edi ble 
G-Gastropoda C-Chlorophyta 
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Abstract 

Samples of bottom sediments, mussels, the polychaete Melina palmata and 
macrophytes were sampled from north to south along the Black Sea Romanian coast 
during 1989. spectrometry with a Ge(Li) detector was used to the 
fission product and the natural long-lived families of U-Ra and Th. 
highest contamination was found at Portitza in front of the Lagoon Razelrn, south of 
the Danube delta_ 

Introduction 

The aim of this work is to investigate the presence of 1 :ncs (T~=30 y) and 
the long-lived nuclides of the natural U-Ra and Th families in bottom sediments, 
mussels and macrophytes of the Black Sea Romanian coast. It must be emphasized 
that the marine samples have been collected on approximately the same geographical 
coordinates in the aerobic-anaerobic zone of the Black Sea, for more than 20 years~ 
when this marine environmental radioactive study began in the Polytechnical 
Institute of Bucharest. In this manner it is possible to obtain an overall insight 
about the changes in radioactivity in marine samples after the Chernobyl accident 
on 26 April 1986. 

Materials and Methods 

At the end of March 1989, the macrophytes Enteromorpha l_- and Ceramium E· 
were collected on the sea-side at North Eforie and Mangalia. During June 1989, the 
bivalves Mytilus qalloprovincialis and ~ arenaria were sampled together with the 
corresponding bottom sediments from north to south as follows: Sulina, Sf. 
Gheorghe, Portitza in front of Lagoon Razelrn, and Constantza. Alga, sediment~ 

mussels of about Scm length after separation of soft tissues from the shell, as 
well as the polychaete Melina -palmata (only at Forti tza) were dried at 105°C, and 
ground to a fine powder. Radioanalysis was performed by gamma spectrometry using a 
Ge(Li) detector coupled to a multichannel analyzer and counting for 28 to 42 hours. 
At the Portitza sampling site, the following characteristics were: position 
44°29'N, 29°20'E, offshore D=17.3 marine miles; water depth h=40 m; liquid 
discharge of Danube, Q=6830 m3 /s; on the bottom: water temperature = 6. 5°C, 
salinity S=18.23%cu current velocity V;:::8 crn/s, current direction a=l00°. 

TABLE 1. Concentration of radionuclides in marine Black Sea Romanian coast samples 
during March-June 1989, in Bq.Kg-'/dry. 

Samp 1 e 134cs 137 cs £38u 23 2Th 4oK 

Sediment ( Su1 ina} 1.9~0.5 33+ 2 21+ 2 22+ 2 4 00+ 25 

Sediment (Sf .Gheorghe)4 .8~0.5 39+ 2 14:_ 2 16+ 2 312:_ 20 

Sediment (Portitza} 0 .8!_0 .5 119!_ 5 4'3+ 3 58.!_ 3 11 00+ 60 

Sediment(Constantza} ~ 42+ 18.!. 1 15+ 2 31 0+ 2 0 

Soft tissue My.t .g. 
!. 64+ 22:!:_ 3 15+ 5 28 5+ 45 

(Su 1 ina} 

Soft tissue My.t.g. + 4 27+ < 30 < 40 250:!:_ 40 
(Sf .Gheorghe} 

Soft tissue My.t.g. 6 + 3 35+ < 2 < 46 74 5+ 50 

Soft tissue Myo. a.. 4 .3 :!:_1.4 3 5+ 3 8:!:_ 17 + 3 27 5 + 2 5 

MeLino. po..tma.ta.(Poly-
31 + 2 24 7:!:_12 40+14 50:_ 5 78 0+ 50 

chaete} (Portitza} 

Soft tissue My.t.g. !_0 .6 26+ 2 < 6 6+ 3 18 5+ 25 

Soft tissue Mya. a.. < 4 23+ 2 < 12 < 18 44 3 + 44 
(Constantza} 

South Eforie 15:_ 34+10 55+30 < 107 1044:!:_ 40 

En.teJtamoJtpha. .t. 
Mangalia 2. 7:!:_0. 6 19+ 1 8.3:!:_1.7 6 .6!_2. 2 468+ 25 

South Eforie < 14 61 +15 38+ 46:!:_11 6 07 + 3 5 

CeJta.m.iu.m Jt. 

Manga1ia < 12 3 0!_ 7 < 45 < 24 53 0:!:_ 40 

Results and Discussion 

From the results shown in Table 1, the following conclusions can be drawn: 
( 1) the higher concentration of n·•cs at Forti tza is explained by the presence of 
illite and kerogen in the fine silty clays which were confirmed by XR, EPR and IR 
studies { 1,2); (2) the radioactivity due to lcncs, rapidly decreased in marine 
samples collected during 1989 on the Romanian Black Sea shore. 
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The released massive quantities of radionuclides {Cs-134, Cs-131, Ce-141, Ce-
144, Ru-103, Ru-106, No-95 etc.) to the lower atmosphere from the Chernobyl Nuclear 
Power Station on April 26, 1986~ have environmental radioecological implications 
thnt PxtenO to the future, 

Some studies have been carried out to investigate radioactivity in sediment 
and some species of economic importance {Georgescu !:,! ~- ~ 1988 a,b). 

The behaviour of Chernobyl radionuclides in the Black Sea is given in Fig .1. 
As shown in Fig .1. some radionuclides detected in the surface waters were 
rapidly removed to the sediment trap at 1071 meters within less than two 

Fig .1. Behaviours of some Chernobyl radionuclides 
(Ken 0. Buesseler, Woods Hole~ USA) 

Trachurus mediterraneus, Mugil saliens, Engraulis encrasicholus ponticus, 
Mytilus galloprovincialis, Enteromorpha linza and Cystoceira barbata were chosen to 
monitor Cs-134, cs-137 in the Trabzon littoral region of Turkey. All samples were 
dried and powdered. Radioactivity counting was performed by garrrrna spectrometry 
(Tennelec) coupled to a Germanium detector. 

According to the data presented in Table 1, radioactivity levels varied with 
species, location and trophic leveL For example, Cs-134 and Cs-131 ranged between 
3-20 and 5-130 Bq/kg dry weight, respectively. 

TABLE 1. Concentrations of radionuclides in selected samples from the Trabzon 
littoral region. (Bq/kg in dried material) 

Samples Cs-134 Cs-137 

M. sa liens 20 107 

T. medi terraneus 47 

E.e. ponticus 

M. galloprovincialis 12 130 

E. linza 35 

c. barbata 21 

Mussels have a high capacity to accumulate heavy metals and radionuclides 
from ambient waters (Tun.;;er and Yararnaz, 1986) and gray mullets are omnivores. 
Both species tend to accumulate excessive amounts of radionuclides; thus, the 
highest levels of Cs-137 were found in M. saliens and M. galloprovincialis and the 
lowest activity was detected in E.e. ponticus. 
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