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Summary 

The algal settlements of Banes Neri ta and Terri bile have been studied 

by a phytosociological approch. The results showed the presence of a 

sciaphylous settlements with a rheophilous component. 

Dans le cadre de 1 'etude des peuplements vegetaux des Banes du Canal de Si

cile nous avons examine, pendant les mois de juillet et septembre 1981, la 

zone centrale comprenant les Banes Terri bile, Neri ta et Graham. Pour le mo

ment seuls les Banes Terribile et Neri ta ont ete analyses. 

Le Bane Terribile, situ& a une longitude de 12°53' ,5 et a une latitu

de de 37°08' ,8, est constitue de calcaire cristallin; le Bane Nerita (lon

gitude 12°55' ,7- latitude 37°14' ,4) est constitue de calcarenite organoge-

ne (Colan toni, 1975). 
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Dans le Bane Terribile quatre releves de 400 em (CSl, CS2, CS3, CS4) 

ant ete effectues en plongee autonome, a une profondeur comprise entre 40 

e:t 45 m, alors qu' au Bane Neri ta no us n' avons recol te Qu' un €chantillon de 
la meme surface a 54 m (CS5) de profondeur. Nous avons effectue sur chaque 

echantillon une analyse systematique et phytosociologique des especes pre

sentes (Boudouresque, 1984). 

Les parametres consideres sont exposes dans le Tableau I. 

Les resul tats obtenus ont permis de cons tater la presence dans les 

releves d 'un grand nombre d' esp€ces et un recouvrement total important; 

dans tous les releves domine quali tati vement le groupe systematique des 

Rhodophycees. 

Les peuplements du Bane Terri bile sont en majori te sciaphiles comme 

le montre l' importance du recouvrement du Supergroupe Sciaphile pris au 

sens large. Dans le releve CS3 a 45 m domine par centre le groupe ecologi

que sciaphile rheophile grace a 1 'important recouvrement de la Cystoseira 

zosteroides. La composante photophile du Bane Terri bile n' est cependant pas 

negligeable a cause de 1 'importance du recouvrement de 1 'algue brune 

Dictyota dichotoma; ceci s' explique par la transparence des eaux de la zone 

et leur basse temperature (Giaccone et al 1972). 

Le Bane Neri ta presente un peuplement sciaphile et une absence totale 

d' especes photophiles' le releve ayant ete fait a une profondeur telle 

qu. elle peut etre consideree comme appartenant a 1 'etage circali ttoral. 

En ce qui concerne le groupe d' especes qui jusqu' a present n' ont ete 

inserees dans aucun groupe Bcologique, on peut noter Ul va oli vase ens, esp€

ce presente avec un recouvrement de 100% dans le releve CS4 et CS5 et Seb

denia monardiana, presente dans le releve CS4, toujours avec un recouvre-

ment de 100%. 

Nous nous proposons, dans la suite de cette etude des Banes du Canal 

de Sicile, de donner une signification ecologique a ces especes deja signa

lees dans d' autres zones de la Medi terranee Centrale. 
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Tableau I (RT = Recouvrement total; lJQ % 

fonction du nombre des especes) 

CSl CS2 

Nombre d' especes 35 48 

RT 187.35% 328.05% 

DQ % Rhodophycees 80 64.6 

DQ % Pheophycees 14.3 33.3 

DQ % Chlorophycees 5.8 2.08 

Supergroupe photo-

phile sl. * (PhiT, 

PhiC, PhiB, Phi) 20.05% 95.75% 

Supergroupe scia-

phile battu 

(SSb, SSBc, SSBf) 0.5% 0.80% 

Supergroupe scia-

pl1ile sl. (SCI, 

SCIT, sc, SIC, SI) 110.65% 127.65% 

Supergroupe concre-

tion organogBne 

(CC, CCT) 4.3% 12.3% 

Groupe sciaphile 

rheophile (SRh) 15.5% 7.10% 

LRE-SSP ( especes 

sans groupe €co-

logique) 1.95 

Dominance qualitative en 

CS3 CS4 CS5 

73 67 43 

226.61% 403,8% 281,65% 

72.6 74.7 79 

20.6 23.8 18.6 

6.8 1.4 2.4 

13.65% 53.30% 

4.50% 1.25% 

45.86% 80.75% 118.8% 

8.6% 42.5% 7.05% 

104.50% 10.80% 9.5% 

31 210.1 124.25 

* Les valeurs des supergroupes §cologiques se rapportent au recouvrement 
(en pourcentage) des especes 
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ABSTRAC:T. The Phytobenthos (of the sea area) around the island of Rhodo5 wa~ ::tudied 

frorr, samples, collected at three stations during spring time. f. comparison cf the 

results wi tr, those published, revealed 52 species never observed there before. A high 

R/P ratio indicates the tropical nature of the area. 

RESUME. Le p;,ytobem:hos marin de 1' ile de Rhodos a he etudie sur trois stations au 

printemps. 1:os releves ant apporte 52 esp€ces nouvelles pour lc. flore de 1-'Ile. La 

valeur elevf du rapport R/P indique que la flore algale de l'}le est du typs tropicale. 

INTRODUCTIOl:. The marine phytobenthos of the Rhodos island has been investiga~ed 

within a brcader programm aiming at -rhe biological and ecological s-rudy of R'oodos. 

The studies carried out so far concern the systematics(Koussouris et al. 1973, 

Tsekos and P.ari tonidis 1974, Dianne lid is et al. 1977), "the phy"tosociology and the 

ecology of ::;enthic macroalgae of the island of Rhodes. 

The pr~so::-nt study aims at contributing and supplementing, as far as possible, 

the image o: the marine flora among the island and evaluating any possible differen

tiations tha.-: might have appeared in connection with past researches (Koussouris et 

al. 1973, Tse":os and Haritonidis 1974, Diannelidis et al. 1977). 

MATERIAL All:. l·:ETHODS. On the sampling surface, a frame of 400 err? (20cm x 2Gcrr) wes 

used. Collec-:ions took plac-2 in a depth of 2r.;. in three stations, one on the :;'lorthern 

section of tc.e island and "the other two on -rhe southern (Fig. l). 

In orde~ to ensure a more detailed study the parameters Q and IRi ( Q=nu7!>er of 

species of c. group, LRi=total coverage of the species belongir.e; to one taxor.c::.ic 

group) were :1sed. 

~ I 
Fig.l. The island of Rhodes with :oca

tic.r.s of samples 1, 2 and 3. 

N 

1 

Tab.l. The stucied parameters in the 
sampling stat ions 1 ~ end 3. 

1 2 3 

Q 10 
Chlorophycea[Ri 

21 

Phaeophyceae 
55.5 

Rhodophyceae 
49 

155.4 

Total T 58 

Rt 243.9 

14.1 

11 

155.1 

42 

100.7 

51 

279.9 

15 

50.2 

10 

113 

42 

85.4 

67 

248.5 

RI.::'JLT:::. At the Lhree st~tions studied (fig.l), 114 species wert determined. 2G of 

them belong -ro Chlorophyceae, 19 to Phaeophyceae and 75 to Rhodophyceae. The studied 

parameters are presented in table 1. 

23 more species identified at various sites and several depths near the is-

land are also referred to in the present study. They are: 4 Chlorophyceae, 4 Phaeophy

ceae and 15 Rhodophyceae. The number of species identified in the proximi-ry of the 

island of Rhodos numbers 137 species. 

In terms of tot:al coverage, Rhodophyceae dominated st:a-rion 1, Phaeophyceae s-ra

tion 2 and Chlorophyceae station 3 (Tab. 1). 

To the species reported by Koussouris et al. ( 1973), Diannelidis et al. ( 1973,1977) 

and Tsekos and Hari 1:onidis ( 1974), who worked in t:he Rhodes island area, amounting to 

123 (Koussouris et al. 1973) and 140 (Diannelidis et al. 1977), we have added 8 Chlo

rophyceae, 8 Phaeophyceae and 45 Rhodophyceae. 

The R/P ratio based on all work published so far is, R/?~170/46=3.69 demonstra

ting ."the "tropical character of the flora (Feldmann 1937). 

The first collection of benthic macrophyceae on Rhodos, despite the fact that 

it has been done in early spring, is conclusive of the considerable dominance of Rho

dophyceae over one station. Taking into consideration that of station 3, Chlorophy-

ceae dominate with the skiophile Dasycladus vermicular is extending considerably, we 

reach the following conclusion: All the studied biotopes h2ve benthic flora wr.:.c;; deve

lops under· norr::al environrner-'tal conditions and not under any kind of stress. This 

view is supported by the fact that the three stations are characterized by the sa-

me nurr2:rer of taxa. 
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R8swne 

£'augmentation de la salinit8 dans l'eau marine est directement proportionnelle 

a ]'augmentation de la quantite de proline dans les Macrophytes. Cette augmentation 

est plus caract8r istique chez Phodophyta et s 'explique par leur evolution et leur 

modele metabolique. Les Macrophytes ayant de grandes quantit8s de proline sont capa

bles de tolerer plus facilement le stress de la salinite environnante. 

Abstract 

The effect of salinity on the amount of the free amino acid proline in marine 

algae has been studied. 

Increase of the sea water salinity is directly related to the increase of the 

proline quantity in marine macrophyta. This increase is more characteristic in Rhodo

phyta explained by their evolutionary and metabolical pattern. Macrophyta with great 

proline quantities are able to tolerate environmental salt stress more easily. 

Environmental stress is known to cause a series of morphological and physiologi

cal transformations on terrestrial plants. Due to pronounced environmental conditions 

these changes can be temporary becoming permanent most of the times (McNamer and Ste

'-'a.rt, 1973; Shevyakova, 1984). Increase in the amount of the free amino acid proline 

when plant organisms are subjected to environmental stress which is due to increase 

of the salt quantity (salt) stress, water decrease (drought stress) and to intensive 

or perpetual light stress (Shevyakova, 1984; Kemble and Macpherson), is one of these 

differentiations. As a free amino acid proline acts upon pi1otophosphorylation and it 

has been found that along with threonine they protect the developmental membrane 

activity of the plastid thylakoids from freezing (Kemble and Machpherson; Sciuto et 

al.; 1980). Finally it has been experimentally proven that proline is encountered 

in greater quantities in the younger plant tissues (shoots and leaves) rather than in 

the adult ones. 

In the present study an attempt was made to indicate whether proline follows the 

same pattern in marine algae as the one in higher plants. Insofar there have been but 

a few studies on this field and they have shown .that the sterile thalli contain more 

proline than the fertile ones (tetrasporiophytes and carposporiophytes) (Sciuto et al. 

(1980). Experiments have proven that doubling of the NaCl quantity in the culture 

solution results in the intense composition of the free amino acid glycine and proline 

(Shevyakova, 1984). 

Collections of marine macrophyta were performed in biotopes of Thermaikos and 

Chalkidiki accompanied by simultaneous measurements of the salinity in the biotope. 

Free amino acids were then analysed, while total nitrogen, proteins and the contain

ed in macrophyta samples alogones were measured (Cohn, and Brand). 

We observe that initially the salinity values do not present considerable dif

ferences, though a seasonal grading is evident. Fluctuation in the amount of total 

nitrogen does not vary markedly in several macrophyta categories; however a rather 

greater percentage is more pronounced in Rhodophyta. Protein is more differentiated 

in Chlorophyta and Rhodophyta than in Phaeophyta. 

Proline generally is built on the equation: higher S%-greater quantities of pro

line. Slight differences are detected as regards the same alga but in different bio

topes. The presence of other environmental parameters causing stress is a probable 

explanation of the above stated phenomenon. Two relative studies conducted on algae 

encountered in the Adriatic Sea concluded that the proline quantity has nothing to do 

with the biotope (habitus) (Sciuto et al., 1980). 

The amount of proline detected in Rhodophyta is strikingly larger among the 

classes of marcophyta. It is also higher under natural conditions, a fact that could 

probably be explained by the assumption regarding Rhodophyta as the least evolved 

macrophyta. It should be noted that Rhodophyta are metabolically similar to Cyanophy

ta which as known employ a rather peculiar way to metabolize. The primitive structure 

of rhodoplasts in Rhodophyta can be rendered as a possible answer to this question; 

(Sciuto, et al., 1980). The GLU/GLN ratio also bears similarities, being higher in 

Rhodophyta with Chlorophyta following. 

Conclusively we may support the view that proline increase presupposes a direct 

increase in salinity, which is larger in Rhodophyta and is associated with their 

pattern of evolution and metabolism. Algae with high proline quantities are more to

lerant under environmental salt stress. In general amounts of free amino acids can be 

used for chemotaxonomic purposes. 
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La biologie marine des zones eulittorales et sublittorales des iles Kira Panagia 
et Piperi (Sporades du Nord) est etudiee. ci-apres. Les recherches sur six biotopes 
de ces zones mettent principalement en evidence les caracteristiques d 'especes des 
regions exposees et agitees : les Photophiles a Cystoseira crinita, trouvt?es jusqu 'a 
quatre metres de prpfondeur et le Sciophile Udoteo peyssonnelietum, qui se situe 
dans des zones encore plus profondes. 

This study is concerned with the investigation of the marine flora on the small 

desert islands Kira Panagia and Piperi situated N.NE of Alonisos, Aegean Sea, Greece, 

ani the creation of a marine park built for the protection of the Mediterranean seal 

(Monarchus monarchus) • 

Insofar there have been relatively few studies dealing with the benthic marine 

flora of N. Sporades and those are restricted to the investigation of mid- and sub

littoral zones of the islands of Skiathos, Skopelos, Alonisos and Skyros (1 ,2,3,4,5). 

Our interest was concentrated on the identification of several taxonomic algal groups 

developing to a depth of 20 m. on the two small islands and the sample collections 

were performed in July 1984. Double samplings were carried out in each biotope by 

means of a metal frame 25x25 em. Samples were cleaned and classified into different 

categories. 

Features of plant communities: The calcareous community of Udoteo-Peyssonnelie

tum, with the intense presence of the Chlorophyta calcareous Halimeda tuna were en

countered to a depth of 20 m. in all instances. This community is a variation of the 

Neogoniolithon-Lithophylletum plant community initially identified by Molinier in 

1959/60 and is typical of shady, exposed, wavy biotopes with a hard usually calcareous 

or granite substrate. 

Another plant community to be dominant only down to 4 m. depth is that of Phaeo

phyta Cystoseira. Its composition is the following: Cystoseria crinita- Sphacelaria 

cirrosa - Sphacelaria tribuloides - Dictyopteris membranacea - Dictyota dichotoma -

Dictyota linearis - Padina pavonica - Dilophus spiralis. 

Molinier (1959/60) had been the first to locate this community on the coasts of 

W. Mediterranean; yet it was also encountered on the Eastern Mediterranean and the 

Aegean Sea (6,7) especially in steep biotopes with no pollution, largeley exposed 

to waves with lots of light. No representatives of the so-called indication forms ·were 

met. In other words, the algal species which nowadays characterized certain biotopes 

as polluted, have either not been found at all or they have been completely scattered 

and isolated. 

The biological balance in these biotopes is stressed by the large diversity 

present in all plant communities. The data we have gathered lead us to the following: 

a) The biotopes examined are remarkably covered with marine phytobenthos. 

b) Substrate is usually hard therefore suitable for the clinging of benthic plant 

communi ties. 

c) Two are the dominant communities; Cystosaira crinita encountered at 2-4 m and 

the skiophile community of the Udoteo-Peyssonnelietum. 

d) The investigated plant communities known by similar studies conducted on both the 

Eastern and Western Mediterranean, characteristically develop in clean exposed to 

waves biotopes. Based on this observation and on the absence of algae-indicators 

we have concluded that these biotopes are still ecologically and biologically in

tact. 

Therefore these small islands could possibly be utilized for the creation of a 

marine park which is to become an excellent shelter for the mediterranean seal that 

is gradually becoming rarer in the Mediterranean. 
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L'EvOWTION DES POPUlATIONS IJU GENRE CYSTOSE!RA IJU BOR! RWMAIN DE lA MER i'b!RE 

Adrian BA\iARU et Florian VASILIU 

Complexul Muzeal de Stiinte ale Naturii, Constanta (Roumanie) 

SUMMARY: Two species of Cystoseira: C.ba:rbata and C.arinita f. bosphoriaa grow on the 
Rumanian Black Sea coast. These species had a lush development ti 11 some time ago. Due 
to the unfavourable hydro-meteorological conditions which occured after the 1971-1972 
heavy winter and to the antropic actions the population of these algae has been deere 
asing dramatically affecting thus the benthos structure of the stony bottom. -

La ceinture d 'algues orunes du genre Cystoseira typique pour le bassin de la Me
diterranee est caracteristique aussi pour le littoral de la Mer Noir. Elle se develoE_ 
pe sur les fonds rocheux le long de la berge roumaine sur une soixantaine de kilome
tres vers le sud, jusqu 'a la frontiere avec la Bulgarie. 

Sur le littoral roumain poussent deux espikes de Cystoseira: C.ba:rbata J.Ag; la 
plus abondante, et C.arinita (Desf.)Bory.f.bosphorica (Sauv.) A.Zin et Kalung. Outre 
ces deux especes, en 1907 le professeur E.Teodorescu cite aussi pour la cote roumaine, 
l'espece C.hopii A.Ag.; des recherches ulterieure11,les notres ci-incluses n'en ont pas 
confirme l'existence, et A.D.Zimora (1967) laplace (comme synonime) parmi les embra!!_ 
chemen ts de C. ba:rbata Ag. (Bavaru 19 7 3) . 

Les deux especes en question sent disposees discontiniiinent sur les fonds rocheux a 
une profondeur qui vade 0,5 jusqu'a 6 m., dans l'etage infralittoral superieur. 

Dans des conditions normales de developpement, elles tentent a former des popula 
tions de grande densite, de vraiesprairies,leurs disques ne laissant entre elles que
peu d 'espace libre. Les estimations que nous avions fai tes entre 1968-1971 sur les bio 
masses fraiches, ont donne des valeurs allant de 5kg/m2 jusqu'a 18 et meme 19 kg/m2 -
(Bavaru 1972). La taille atteinte surtout: par C.ba:rbata, dans les populations bien 
developpees et compactes depassait 1 m. Le stock total a ete estime 11, 5.500 tonnes de 
substance fraiche (Vasiliu 1978). 

Les conditions hydrometeorologiques particulierement rigoreuses de l'hiver 1971-
1972 ont determine la formation, pour une longue period de temps, d 'une couche de gla 
ce tout le long de la cote a partir de la berge jusqu'a 1 'horizon. Pendant le degel,
les plaques de glace "ont fauche" par frottement les populations de Cystoseira en les 
detruisant dans une proportion allant de 41 jusqu'a 95% (Vasiliu et Muller 1973). Les 
populations du secteur nord- Cap Midia-Eforie en ont ete les plus atteintes. 

De plus, les annees suivantes on a commence de vastes travaux hydro-techniques 
lourdes de consequences: le canal Danube - Mer Noire, le nouveau port Cons tantza -
sud- Agigea etc. travaux dent certains continuent et continueront encore. 

Tout cela n'a fait qu'augmenter les quantites de suspensions dans les eaux litto 
rales, la turbidite de ce lles-ci en determinant la diminution de 1 'energie photique di 
sponibles des algues. Tout de suite le substrat s'est colmite, s'est embourbe, chose
extremement nuisible pour les plantules de Cystoseira dans leurs premieres phases de 
developpement. L1experiment que l'on fait a Agigea, oii l'on a submerge des plaques en 
beton "ensemencees" a.Jttificiellement au prealable dans le laboratoire avec des plant~ 
les de Cystoseira, a preuve la justesse des affirmations faites ci-dessus.Cinq mois 
plus tard les sediments de boue et de coquillages estimes a 5 .100 kg/m2' ont etouffe 
presque en totalite les plantules (Vasiliu 1978). 

En meme temps nous avons cons tate un processus de. vieillissement continu des po,.. 
pulations reduites de Cystoseira double de 1 'impossibilite de formation de nouvelles 

populations, du aux conditions defavorables recemment parues. Entre le Cap Midia et! 
forie les populations ont disparu pratiquement tandis que dans le secteurs sud elles 
diminuent a vue d'oeil, les estimations faites en 1984 et 1985 donnant 1,5-2 kg/m2 
biomasse fra1che, le stock total restant n'atteignant que 120 tonnes environ. 

La disparition et la diminution massive des champs de Cystoseira a pour conse
quence des modifications profondes dans la structure du benthos marine de la zone des 
fonds rocheux de 1 'infralittoral superieur. 
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Maryse GERBAL 

Labora to ire d • Ecologie du Benthos et de Biologie Vegetale Marine, 
Faculte des Sciences de Luminy, Marseille {France) 

ABSTRACT : Unusual morphological features are described : up to 11 stems arising 
from a same holdfast (cespitose thalli) and proliferations of holdfast margins 
resulting in new stems looking like germlings. 

Sargassum muticum (Yendo) Fensholt, originaire des cotes du Japon (YENDO, 1907) a 
ete introduit accidentellement sur les cotes europeennes (BELSHER et al., 1984; 
CRITCHLEY et al., 1983; KNOEPFFLER-PEGUY et al., 1985). Dans l'Etang de Thau, i1 a 
colonise lea substrata durs superficiels disponibles (BOUDOURESQUE et al., 1985; 
LAURET et al., 1985). S. muticum est decrit par les auteurs comme une algue peren
nante dont la base est constituee d 'un axe dresse (tronc) unique, de 2 a 3 em de 
hauteur, generalement non ramifie, s'elevant d'un crampon disco!de mesurant jusqu'a 
1. 5 em de diametre (YOSHIDA, 1983). Occasionnellement, en Grande-Bretagne, des 
plantules de la meme espece peuvent se fixer sur le crampon d'un individu adulte, 
et meme fusionner avec celui-ci, mais ils ne se developpent pas (CRITCHLEY, 1983a). 

Thalles cespiteux : nous avons observe des crampons portant jusqu' a 11 troncs bien 
developpes (Fig. 1); des coupes longitudinales ne montrent pas les lignes de suture 
qui devraient subsister si ces thalles cespiteux provenaient de la fusion 
d'individus voisins; au contraire, dans certains cas, !'orientation des files de 
CelluleS que 1 tOn peUt SUiVre, tradUit bien 1 I appartenance deS differentS tronCS a 
un .meme individu. Le pourcentage des individus cespiteux varie selon les stations, 
il peut atteindre 30%. 

.-------,."""~...-r.c:-:-::-r--7""=~-:-7---, Fig. Thalle cespiteux de 
Sargassum muticum, recolte 
Decembre 1984. 

Il est trop tot pour savoir si la 
presence de thalles cespiteux carac
terise la population .de S. muticum 
de 1 'Etang de Thau, ou bien s' il 

. 8 
1 agit d 1 une morpheae ecologique 

liee aux conditions physico-chimi
ques locales, comparable aux varia
tions des feuilles et des aerocystes 
mises en evidence par (CRITCHLEY, 

.__ ________________ --J 1983b) dans le sud de 1 1 Angle terre 

et aux Pays-Bas. 

Proliferations a partir du crampon : le crampon d'un individu age peut presenter, a 
sa peripherie, des expansions laterales horizon tales (Fig. 2), qui donnent 
naissance par la suite a de jeunes axes dresses (Fig. 3). Ces axes dresses, munis 
d 'une ou deux feuilles primordisles, ressemblent exactement a des plantules. Des 
coupes dans le crampon mont rent qu' il y a continuite tissulaire entre celui-ci et 
les j eunes axes. 

Il apparatt done clairement que ces jeunes axes ne sont pas des germinations 
epiphytes du crampon, contrairement aux observations de CRITCHLEY (1983a). 11 
conviendra d' etudier leur devenir : se developpent-ils sur place, expliquant alors 
le caractere cespiteux de certains individus ? Ou bien se detachent-ils (boutures, 
propagules), correspondant alors a un processus de multiplication vegetative ? 
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Fig. 2 : Expansions laterales horizontales naissant a la peripherie d 'un crampon. 
Fig. 3 : jeunes axes dresses developpes a partir des expansions horizontales du 
crampon. Recoltes : Decembre 1984. 

La presence de thalles cespiteux chez une espece de Sargassum consideree comme ·non 
cespiteuse, confirme la variabilite des caracteres utilises pour la distinction des 
especes de ce genre; comme le souligne CRITCHLEY (1983b), il se pourrait qu 'une 
grande partie des tres nombreuses especes decrites soient a reconsiderer. 

REMERCIEMENTS : Ce travail s' integre a un programme de recherche de 1' IFREMER 
(Contrat 84/7511). Je remercie Thomas BELSHER, Responsable national du programe 
"Sargasses" et le Professeur Charles F. BOUDOURESQUE, pour leurs conseils, ainsi 
que Michel LAURET, Pascal DAVID et M. le Directeur de la station IFREMER de Sete 
pour leur aide materielle precieuse. 
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B-17 
SUR lA PRESENCE DE PYLAIELLA LIITORALIS (LINNAEUS) KJELLMA.N 

(PJ-lO.EOPHYCEAE, ECTOCARPALE) DANS L'ETANG DE TJ-lO.U, (HERAULT- FRANCE) 

Naceur BEN MAIZ 

Laboratoire d 'Ecologie du Benthos et de Biologie Vegetale Marine 
Faculte des Sciences de Luminy, Marseille (France} 

ABSTRACT : Although previously mentioned in the Mediterranean (North Adriatic and 
Tunisia) without description, the presence of this cold water Atlantic species in 
the Mediterranean is definitely assessed for the first time. · 

Nous n'avons recolte cette espike qu'une seule fois dans l'Etang de Thau, en fevri
er 1985, sur les armatures metalliques des pares a huttres de Bouzigues, vers 0.5-2 
m de profondeur. 

Description du materiel recolte : Algue filamenteuse tree ramifiee, en touffes 
atteignant 16 em de haut. La ramification est souvent laterale et alterne, parfois 
opposee (Fig. 1 a). Le diametre des filaments est de 20-40 j1lll dans les parties 
medianes du thalle, devenant un peu moins important 'vers lea extremites. La zone de 
croissance est generalement intercalaire. Les cellules sent 1/2 a 2 fois plus lon
gues que larges; elles contiennent des chloroplastes discoides avec un seul pyre
noide (Fig. 1 b). Quelques cellules se cloisonnent longitudinalement. Les zoidocys
tes pluriloculaires sont generalement intercalaires, quelquefois terminaux ou 
lateraux et sessiles, souvent series, et mesurent 20-40 x 30-160 ·J.Jm. 

Discussion : P. littoralis est une espece tree polymorphe, ce qui a conduit les 
anciens auteurs a distinguer de nombreuses especes, formes ou varietes (CARDINAL 
1964). Bien que nous n'ayons pas encore observe les sporocystes uniloculaires, nos 
specimens correspondent bien au P. littoralis, tel qu' il est deer it par HAMEL 
(1931-39), CARDINAL (1964) et ABBOTT et HOLLENBERG 1976. 

Repartition geographique : P. littoralis est une espece commune dans 1 'Atlantique, 
de la Norvege (RUENESS 1977) a 1' Angola (PRICE et al., 1978); elle est egalement 
signalee en Argentine (SKOTTSBERG 1921) et dans le Pacifique (ABBOTT et HOLLENBERG 
1976). En Mediterranee, 1 'espike a ete signalee dans 1 'Adriatique (HAUCK 1885, 
RIZZI-LONGO 1972), et a Sf ax en Tunisie par SCHIFFNER (1926); en 1' absence de 
description, ces dernieres signalisations demanderaient a etre confirmees. 

Conclusion : la decouverte de P. littoralis dans l'Etang de Thau, avec d'autres es
peces a affinites froides telles Desmotrichum undulatum, Desmarestia Viridis, 
Chorda filum, Sphaerotrichia divaricate, confirme sa presence en Mediterranee et le 
caractere atlantica-boreal de la flore de cette lagune. 

REMERCIEMENTS : Ce travail a ete realise dans le cadre d 'un programme IFREMER; nous 
remercions T; BELSHER, responsable de ce programme, et le Prof. C.F. BOUDOURESQUE. 
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Fig. 1 : a) Aspect general des 
filaments, portent des zoido
cystes pluriloculaires; b) 
Detail ·des chloroplastes de 
trois cellules. 
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INFWENCE DE lA FLORAISON SUR LE CYCLE DE RENOlNEli.EMENT DES FEUILLES DE 

PoSIDONIA OCEANICA (L,) DELILE, DANS LE GOLFE SAAONIKOS (MER EGEL lRECE) 

P. PANAYOTIDIS 

Centre National de Recherche Marine, Hellinikon, Athemes {Grece} 

ABSTRACT 

The influence of flowering on renewal of leaves in P.o. is described in Saronikos 
Gulf (Aegean Sea, Greece). The hypothesis is that the presence of the inflorescen

ce canj!!hibit the growth of leaves in the young part of the shoot. 

Introdution et Objectif 

L'etude de la distribution et de la phenologie de Posidonia oceanica (L.) Delile 
dans le golfe Saronikos (Mer Egee, Grece), a commence en 1984 dans le cadre d'un 
pro jet commun entre le Centre National de Recherche Marine (CNRM) d 'Athenes et le 
Programme des Nations Unies p~ur 11 Environnement (PNUE). Apres nos premieres obser
vations sur la distribution des herbi.ers et le cycle de P. oceanica dans le Golfe 
Saronikos ~ nous avons eu 1 'occasion d 'etudier une floraison massive, concernant u
ne partie importante du secteur sud du golfe Saronikos. L 'enquete pub liee recemment 
(Thelin et Boudouresque, 1985) montre qu'aujourd'hui un grand nombre d'observations 
sent disponibles sur ce sujet. N;eanmoins la structure de l 'inflorescence et son r§. 
le dans le taisceau·Qnt €te rarement etudies (Giraud, 1977). 

Materiel et Methodes 

Le materiel a ete recolte en Avril, Juin, Juillet, Novembre et Decembre par plongee 

autonome dans un herbier situe vers 5 metres de profondeur, dans les parages de 
l ;ilot Metopi, a l 'ouest de 1 'ile Aegina, dans le golfe Saronikos. La surface de 
preU\vem:mt etait de 20 em X 20 em. Le materiel recolte a ete e'tudie suivant le pro 
toc~le de mesures propose par Giraud (1979). A partir de ce protocole et pour cha-

que prelevement nous avons construit un histogramme de frequence de longueur des 
feuilles pour l 'ensemble des feuilles (adultes plus intermediaires) et aeux poLyg~ 
nes de frequence de longueur de feuilles, cortespondant respectivement aux feuilles 
adul tes et aux feuilles intermediaires. Ce processus nous permet de distinguer, a 
quel type correspondent les differentes classes de taille de feuilles de P. ocean£ 
ca. 

Re'sultats et Discussion 

Vers la fin de l 'hiver -debut du printemps (Avril), les feuilles intermediaires o~ 
cupent dans l'histogramme de frequence les classes de grande taille (max. 50 em) 
au moment oil les feuilles adultes occupent les classes de faible taille (max. 30cm). 
A ce moment de l 'annee la partie jeune (feuilles interme:diaires) represente plua de 
60% de la biomasse to tale du faisceau. Vers la fin du printemps-debut de 1 'et~ 
(Juin), le polygene des feuilles intermediaires recule et se superpose a celui des 
adultes, la partie jeune du fa.iJ;ceau representant moins de 40% de la biomasse tota
le. Un peu plus tard en et€ (Juillet), le poly gone des feui.lles intermediaires se 
d{place davantage vers les classes de faible taille (max. 20 em) et celui des a

dultes se deplace vers les classes de grande taille (max. 70 em), la partie jeune 
du faisceau se limitant a 20% de la biomasse totale. Finalement, en automne (Nove~ 

bre), les polygones tendent de nouveau a se superposer et la partie jeune du fai

sceau represents plus de 40% de la biomasse totale. 
C'est lors de la phase automnale du cycle que nous avons etudie l 'influence de la 
floraison sur le cycle des feuilles. En Novembre comme en Decembre, la position des 
polygones provenant de faisceaux sans fleurs est cells qu'on attend pour la phase 
automnale du cycle: les polygones se. superposent et la partie jeune du faisceau re 
presente environ SO% de la biomasse totals. Par contre, la presence des infloresc;!!. 
ces au ·sein du faisceau, en Novembre comme en Decembre, semble deplacer le poly go

ne des feuilles intermediaires vers les classes de faible taille et diminuer le r£. 
le de la partie jeune du faisceau a 30% de la biomasse totale. 
Les resultats que nous venons de decrire nous permettent d 'emettre l 'hypothese que 
la pres~nce de 1 1 inflorescence au sein du faisceau aurait un role inhibiteur sur la 
croissance des feuilles intermediain!s (partie jeune du faisceau). 
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RESULTATS PRELIMINAIRES POUR LA MISE AU POINT D

1
UNE TECHNIQUE DE CLONAGE 

DE PosiDONIA OCEANICA (L.) DELILE 

F. LOQUES (1,2}, C. BUIARD (2}, G. CAYE (1} etA. MEINESZ (1} 

1. Groupe de Recherches Marines, Laboratoire de Biologie et d 'Ecologie 
Marines, Universite de Nice, Nice (France} 

2. Laboratoire de Physiologie Vegetale, Universite de Nice, Nice (France) 

Abstract: For setting up Posidonia oceanica clonage technique, preliminary 
tests for the culture in vitro of different tissues have showed that 
macromeristems was the mo;t f~le one. After desinfection of meristematic 
explants, we have obtained a beginning of development and a month-life of 
explants on a sterile culture medium containing indol acetic acid and kinetin. 

Les recherches et observations recentes sur la reproduction sexuee de 
Posidonia oceanica tendent a demontrer que cette phanerogariie_ se reproduit 
exceptionnellement par voie sexuee. Les floraisons, observees certaines 
annees, semblent se limiter a certains sites geographiques localises (Thelin 
et Boudouresque. 1985; Caye et Meinesz 1984) et les fruits n'arrivent pas tous 
a maturi te. De plus, on n 'a jamais signa1e. a notre connaissance, de 
germinations in situ de graines de Posidonies .De ce fait, les peuplements de 
Posidonies de Mediterranee se reproduisent essentiellement par voie vegetative 
et sent ainsi exposes a une degenerescence genetique. Il serai t done 
interessant de realiser des croisements de differents clones ou de 
.multiplier des clones particulierement resistants ou feconds. Comme la 
croissance des rhizomes est extremement lente, la multiplication par bouturage 
d 'un pied interessant ne peut s 'envisager que sur plusieurs decenies. C 'est 
pourquoi les techniques de clonage, bien connues pour de multiples 
phanerogames terrestres, seraient extremement utiles pour la multiplication 
et la regenerescence des herbiers de Posidonie. 
Nous avons done tente des experiences de mise au point d 'une technique de 
cl6nage de Posidonia oceanica 

Avant la mise en culture. les tis sus de Posidonie sent laves a 1 'eau 
courante, puis desinfectes superficiellement. Selon la nature des explants, 
nous avons testes di verses combinaisons de produi ts mouillant et desinfectant 
(alcool a 75•. tween a 5%, benlate a 6 g/1, hypochlorite de calcium a 10 et 70 
g/1). 
La mise en culture des explants. et les repiquages s 'effectuent ·en conditions 
aseptiques (piece a U. V). Nous avons utilise des tubes a essais con tenant 15 
ml de milieu gelose. recouverts d 'un capuchon scelle avec du ruban adhesif. 
Pour le milieu de culture. la solution de base contient les macro. et les 
microelements de Linsmaler et Skoog ( 1965). de 1 'agar (bacto agar difco a 6 
g/1), des vitamines et des facteurs de croissance (auxines et cytokinines), 
ainsi que du saccharose. Ces trois dernie'\:'s elements ont ete testes a 
differentes concentrations. Le materiel est place dans une chambre a 
temperature constante (22o C) et sous eclairement de 1850 lux. 16 heures par 
jour. et 1 'evolution des explantats a ete notee regulierement. 

Selection des divers tissus 
Nous avons effectue des essais sur des fragments de rhizome, 

d' inflorescence, de jeunes fruits, de feuilles et de macromeristemes (petit 
dome de tissu meristematique, entoure de tissu sous-jacent, portant de tres 
jeunes ebauches foliaires encore blanches et translucides). 
-Pour les rhizomes, des contaminations bacteriennes et fongiques importantes 
nous ont empeches d' obtenir des explants steriles. D'autre part, le 
degagement de phenols (par les tissus somatiques) longtemps consideres comme 
des inhibiteurs de croissance (Hemberg, 1961), est egalement responsable de 
1 'echec de la culture de ce tissu. 
-Des fragments d'organes floraux et de jeunes fruits recoltes en automne 1985 
ont rapidement degenere par necrose, mais de semblables tissus seront testes a 
nouveau. 
-Comme chez la plupart des Monocotyledones, la mise en culture de fragments 
foliaires s 'est egalement averee tres difficile (necrose rap ide). 
-La plus longue duree de survie a ete obtenu avec les macromeristemes que nous 
avons reussi a desinfecter et a cul ti ver j usqu 'a un mois. 

Mise en culture des macromeristemes 
Dans les cultures de macromeristemes, au depart les ebauches foliaires sent 
translucides, des cinq jours elles commencent a blanchir et deviennent 
turgescentes enfin vers hui t-dix jours, on aper<;oi t un leger verdissement qui 
s 'accentue j usqu 'a trois semaines, age ou les ebauches sent tres 
chlorophylliennes. C 'est a ce stade qu • il convient d' effectuer un repiquage 
pour renouveler les elements mineraux et modifier eventuellement les 
equilibres en hormones exogenes. Cette etape presente encore certaines 
difficultes quanta la definition du nouveau milieu de culture. 
Pour les milieux de culture testes, les meilleurs resul tats ont ete obtenus 
avec 1 'acide indole acetique (AIA) pour 1 'hormone de type auxinique, et avec 
la kine tine pour celle de type cytokinine. D 'autre part, nous avons pu 
constater que le rapport auxine/cytokinine semble jouer un role preponderant 
dans la reussi te de la culture. 
La saison de prelevement ainsi que la rapidi te de mise en culture a pres la 
recol te semble jouer egalement un role determinant pour une meilleure survie 
des explants. 

Les essais de cl6nage de Posidonia oceanica ont porte sur divers types 
de tissu. Ce sent les macromeristemes qui ont donne les meilleurs resul tats. 
Une technique de desinfection a ete mise au point permettant une survie et un 
debut de developpement des ex plants pendant plus d 'un mois. Ces experiences se 
poursuivent par la recherche d 'un milieu convenable pour le developpement 
ul terieur des ebauches. 
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APERCU SUR LES RELATIONS POLYCHETES - SUBSTRAT 

DANS LA MATTE DE PosiDONIA OCEANICA 

Alan WILLSIE 

Centre d'Oc€anologie de Marseille, Rue Batterie des Lions, Marseille (France) 

ABSTRACT- The site groups obtained through cluster analyses of grainsi
ze data and polychaete dominances are compared. Relations between the 
two are considered. 

Une etude de la macrofaune endogee de la matte de Posidonies a ete ef
fectuee a 5 stations (chacune comprenant un site de matte morte et un 
de matte d'herbier vivant) situees a -11m de" profondeur (cartographie, 
granulometrie : cf. BOURCIER & WILLS IE, 1986) . Dans cette note la dis
cussion se base sur cla comparaison des classements des sites analyses 
par 1' intermediaire de la granulometrie et la dominance des categories 
ecologiques de polychetes, les donnees ayant ete traitees par une ana
lyse hierarchique ascendante (distance moyenne). 

De la premiere classification (fig. 1) se degagent deux groupes (Gr. A 
: 4H, 4M, SM, SH, 1M, lH. Gr. B : 2H, 2M, 3H, 3M). Le groupe A comprend 
les sites caracterises par une teneur elevee en sable moyen, quel que 
soi t le degre d 1 envasement observe. On y distingue une transition a 
partir des sites a sediment peu classe et envase (4M, 4H, SM) jusqu'a 
un site a sediment bien classe (1H) et a faible teneur en pEHites. Le 
stade intermediaire comprend des sites a teneur plus elevee en sable 
moyen qu 1 en pelites (1M, 5H). Le groupe B comprend des s:i:tes caracte
rises par sediment, principalement de sable fin, plus ou moins 
envase. 

lM 
SH 

4M 
SM 

FIG. l 
ZH 
2M 
3H 
3M 

ZH-----------------,~ 

2M----------------~ 
4H------------------~ 
4M FIG. 2 

;~ ===-_j....;.;;,..---, 
3M----------------~ 

Analyse hierarchique des sites. Fig. 1 Gra
nulometrie. Fig. 2 Donnees faunistiques. 
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Sur le plan faunis
tique, 6713 speci
mens et 214 especes 
ont ete regroupes 
dans 12 categories 
(BELLAN, 1964. HAR
MELIN, 1964. PI
CARD, 1965. LAD
BIER, 1966. Trois 
groupes se dega
gent. Le groupe 1 
(fig. 2) comprend 
les sites 4M, SM, 
3M, SH, caracteri
ses par la predomi
nance des indica
trices de perturba
tion (ou I.P., 4M: 
25.11 %. SH : 26.54 
%. SM : 31.16 %. 3M 
: 38.23 %) • 

Le groupe 2 est forme par 4H, 2H et 2M, ou 1 1 on observe de faibles e
carts de dominance entre les I.P. (2H : 18.79 %, 2M : 15.64 %, 4H : 
14.49 %) et les categories propres a un · substrat les mieux representees 
(2M : les caracteristiques de la matte - 16.00 %. 4H : les mixticoles -
18.85 %, les especes de substrat dur - 16.37 %) • Le groupe 3 (1M, 3H) 
contient des sites ou une categorie ecologique liee a une classe granu
lometrique est preponderante. A 3H, les gravellicoles atteignent 25.36 
% (I.P., 20.36 %) • A 1M, les sabulicoles (24.63 %) et les gravellicoles 
(16.54 %) sent les mieux representees !I.P. 12.68 '&/. Le aern1er groupe 
(1H) presente une nette predominance des gravellicoles (53 .14 %) sur 
les I.P. (7.34 %) • 

La comparaison des deux types d 1 analyses met en evidence une identi te 
des observations principalement pour deux cas de figure extr~mes. En 
effet, aux sites presentant le sediment le mieux classe et le moins en
vas6 correspondent bien les sites dont la faune est dominee par des es
peces caracteristiques d 1 une classe granulometrique precise. D 1 autre 
part, aux sites dent le sediment est le moins classe et le plus envase, 
correspond une faune annelidienne traduisant une perturbation marquee. 

Ainsi on peut deduire trois niveaux du degre d 1 impact de la perturba
tion sur la faune annelidienne de la matte de Posidonies. 

Dans le premier niveau (lH, 3H et 1M) 1 1 effet "substrat", qui corres
pond a la resultante des effets des conditions du milieu sur le fond 
(BLANC & JEUDY DE GRISSAC, 1978), determine la structure faunistique de 
la matte au detriment de l'effet "perturbation" (taux de pelites). Ceci · 
se repercute au niveau specifique par le fait qu 1 aux sites lH et 3H, 
une onuphidae, Hyalinoecia bilineata, fo;rme abranche, domine le stock 
de polychetes (50.18 % et 22.86 %) • Cette forme est la plus abondante 
pour cette espece notamment dans les fonds de sable infralittoraux, 
"parcourus par de vifs courants de type lineaire" (BELLAN, 1964, 1977). 
Cette espece presente des abondances ·plus elevees que la capitellidae 
Mediomastus cf. capensis, consideree comme I.P. (STORA, 1982). A 1M, si 
cette espece presente la plus forte abondance, ce sont neanmoins les 
sabulicoles et les gravellicoles qui dominent le stock annelidien. Au 
second niveau (4M, SM, SH et 3M), les sites sont domines par les I.P .• 
De plus, M. cf. capensis est 1 1 espece la plus abondante a ces sites. Le 
facteur perturbation occulte la structure pre-existante de la composi
tion ecologique de la faune annelidienne, liee au type de substrat en 
place. Ceci a pour consequence de faire chuter a un rang inferieur la 
categorie ecologique qualifiant le type de subtrat. Les niveaux corres
pondent aux cas de figures extr&mes. 
Le troisieme niveau d 1 influence (4H, 2M et 2H) correspond a un stade 
intermediaire ou il y a dualite d'action des effets "substrat" et 
"perturbation", sans preponderance marquee de 1 1 un ou 1 1 autre sur le 
plan faunistique. 

Le taux de pelites (comme vecteur de polluants), plus par son effet 
deletere que par sa specificite granulometrique, agit sur la composi
tion structurale du peuplement de polychetes de la matte de Posidonies. 
Le classement des sites selon les donnees granulometriques degage bien 
des groupes affines, mais celui effectue a 1' aide des donnees faunisti
ques permet la mise en evidence de 1 1 effet de masque produi t par le 
facteur de perturbation. 

BELLAN, G., 1964. Rec. Trav. Stn mar. Endoume, Fr., 49 (33) : 1-372. 
BELLAN, G., 1977. Essays on Polych. Annel., u. South Cali.: 449-460. 
BLANC, J.J. & JEUDY DE GRISSAC, A., 1978. Rapport C.N.E.X.O. (76/4043 

& 77/4074). 
BOURCIER, M. & WILLSIE, A., 1986. Rapp. Commiss. internation. Mer 

Medit. (ce recueil). 
HARl'.ELIN, J.G., 1964. Rec. Trav. Stn mar. Endoume, 35 (51} : 43-105. 
LAUBIER, L., 1966. Ann. Inst. Oceanogr., 43 (2) : 137-316. 
PICARD, J . 1 1965. These Doc. Sci. nat. 1 u. Aix-Marseille : 1-160. 
STORA, G., 1982. These Doc. Etat-Sciences, U. Aix-Marseille, 1-227. 
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CONSIDERATIONS ECOLffiiQUES suR LES SrPUNCULIENS 

DE LA Mll.TIE DE POSIOONIA OCEANICA (L,) DELILE 

M. BOURCIER et A. WILLSIE 

Centre d •oceanologie de Marseille, Rue Batterie des Lions, Marseille (France) 

ABSTRACT. Ecological significances of principally two abundant sea
grass Sipunculans in relation with sediment parameters are discussed. 

Cette note apporte des details sur l'ecologie des Sipunculiens de la 
matte de Posidonies etudiee (Fig. 1) • Les echantillons ont ete preleves 
(A.W.) avec le carottier mis au point par WILLSIE (1982). Les carottes 
destinees a 1' etude du carbone organique et de la granulometrie du se
diment ont ete traitees dans le Laboratoire du Pr ARNOUX (Fac. Pharma
cie, Marseille) ; les donnees abiotiques sont tirees de ABADA-GUERROUI 
(1985). Les donnees granulometriques sont les valeurs moyennes (g %) 
pour chacune des fractions (Tab.1). Les Sipunculiens, determines .Par 
BOURCIER, comportent 6 especes (Tab. 2). Les abondances indiquees sont 
1a somme des abondances des 4 echantillons. Deux especes sont etudiees 
: Aspidosiphon mtilleri Diesing, 1851 et Phascolosoma granulatum Leuc
kart, 1828. D'autres especes apportent des precisions complementaires. 
Certaines donnees eco1ogiques sont tirees de : LAUBIER (1958), CUTLER 
(1973) I SOLIS (1982). 

ASPIDOSIPHON MULLERI - Ces auteurs ont note que 
cette espece detritivore peut se trouver libre 
dans un sediment toujours vaseux, mais la p1u
part du temps trouve abri dans les tests de 
Gasteropodes, Scaphopodes, et Polychetes. 
LAUBIER (1966) note que le jeune A. miil1eri se 
protege dans les tubes vi des d' organismes ben
thiques a1ors que 1 'adul te vi t sou vent libre
ment dans le sediment (a 1' inverse de ~ 

Fig. 1. Les Stations nulatum). L'ecole d'Endoume considere cette 
espece comme etant a large repartition eco1ogi

que. SOLIS signale la presence d'A. mtilleri dans des tubes, en parti
cu1ier : Di trupa ar ietina et remarque que par rapport a 1 • envasemen t 
(pelites : F<0,063 mm), A. mtilleri a son maximum dans des fonds conte
nant 30 % de pe1ites. Dans les fonds trop fortement envases (> a 37 %) , 
1' espece disparatt ou devient tres rare. Le m§me phenomene se produi t 
dans les fonds ayant un envasement inferieur a 24 %. SO!.IS considere 
que dans les fonds de decantation, la disparition d 'A. mtilleri (dans 
les tubes) pour les trop faibles envasements, est due a une concurrence 
avec les organismes fournissant ces tests. Le manque de tubes habita-

TAB. 1 - Granulometrie, 
FRACTIONS SM SH 
>2 mm 14,67 26,08 
0.315-2mm 34,83 42,83 
0.063-0.315 14,67 10,58 
<0.063 mm 35,83 20,51 
C org-<63um 1, 82 2,13 

Carbone organique 
4M 4H 3M 

17,83 14,67 22,08 
34,00 37,67 24,00 
18,00 16,83 48,83 
30,50 30,83 5,09 
2,07 2,60 1,95 

(g %) 
3H 

15,67 
29,50 
49,00 
5,83 
2,13 

: F<63 urn (A-GUERROUI) • 
2M 2H 1M lH 
7,83 8,17 19,00 15,00 
6,83 16,83 45,75 73,25 

62,67 60,67 23,88 9,63 
22,67 14,33 9,38 2,13 
2,63 2,92 3,40 3, 70 

TAB. 2 - Abondance 
ESPECES 

des especes par station (M, m. morte ; H, he. viv.). 

Sipunculus nudus 
Golfingia elongata 
Golfingia vulgaris 
Golfingia sp. (juv.) 
Phascolion strombi (juv.) 
Phascolosoma granulatum 
Aspidosiphon miilleri 

SM SH 4M 4H 3M 3H 2M 2H 1M lH 

107 
1 

62 
4 

54 
5 

70 

1 2 

70 
- 42 

87 
1 

277 148 

bles serai t done un facteur limi tant. L' habitat dans la matte n • est pas 
un facteur limitant en raison de la presence de racines, de rhizomes et 
de microcavites envasees. Ce sont des abris parfaits et tres abondants 
dans la matte morte, et dans une moindre mesure dans la matte d'herbier 
vivant qui renferme aussi ces structures. De ce fait, l'abondance en A. 
miilleri, dans les stations les plus riches, est plus elevee dans Ia 
matte morte que dans la matte d 'her bier vivant. Ceci, d • autant plus que 
dans la matte morte, l'envasement est en general plus important, ce qui 
est l'un des trois facteurs limitants : envasement, apports trophiques, 
concurrence alimentaire (limivores ou detritivores). A. mUlleri peut 
§tre favorisee, soit par de bonnes conditions trophiques (stn 1), soit 
par un envasement optimum (stn 2) ; a la stn 2, G. elongata (caract. du 
Detritique Envase) temoigne de cet envasement. A. mlllleri peut ~tre de
favorisee par la concurrence alimentaire, soit de s. nudus (limivore, 
sabulicole tolerante : BOURCIER 1976, favorisee par 1' abondance des sa
bles fins, tab. 1), ou de P. qranulatum (detritivore favorisee par 
1' ensemble sable fin + fraction fine, limi tee par 1' ensemble sable 
moyen + sable grassier, tab. 1) • 
PHASCOLOSOMA GRANULATUM - Selon LAUBIER (1958), le biotope d'election 
de 1' adu1te se situe dans les concretions et cavites du coralligene ; 
le jeune vit comme A. mUlleri dans les petits tests sur les fonds de
tritiques. Dans la matte, cette espece peut done vivre son cycle com
plet, le jeune dans le sediment, l'adulte dans les racines et anfractu
osites colmatees par les pelites. Le jeune est microphage, l'adulte est 
macrophage. Ce dernier, tres vorace, est favorise, sur le plan trophi
que, par un sediment vaseux m~le de sables fin et moyen mais est limite 
par des sables moyen et surtout grassier trop abondants. Ceci constitue 
done pour cette espece une tendance sedimentaire MINUTICOLE (selon la 
terminologie de PICARD 1965) au niveau de la matte de Posidonies, bien 
que sa position biocenotique par excellence semble §tre le coralligene. 
Ceci est il1ustre par la stn 2, la plus pauvre en A. mlllleri malgre un 
taux de pelites convenable pour cette espece et une teneur en C org. 
importante (Tab. 1). La quantite de sable fin y est tres elevee mais 1: envasement est trop important pour S. nudus. Ici, le melange : sable 
f~n abondant + envasement important, favorise la proliferation de P. 
granulatum, espece minuticole dans la matte. Cette espece exclue A. 
mUlleri par concurrence alimentaire. -
Done I cette etude precise 1' ecologie des Sipunculiens de la matte de 
Posidonies, ou 1e probleme de place ou d 'abri semble peu important. 
L' espece la plus abondante, A. mUlleri, selon les fractions sedimentai
res presentes, peut §tre partiellement remplacee par S. nudus ou m§me 
eliminee par P. granulatum. On constate un balancement par competition 
trophique entre A. miilleri et P. £ranulatum allant jusqu'a l'exclusion 
d'une des especes. Contrairement CUTLER (1973) pour les Sipunculiens 
de fonds meubles, cette etude montre que dans la matte, le facteur 
abiotique principal est bien la proportion des fractions sedimentaires, 
favorisant ou non l'abondance de l'une ou l'autre espece, qui par com
petition alimentaire diminue le nombre, voire elimine, les autres espe
ces susceptibles d • §tre presentes dans ce biotope. 

ABADA-GUERROUI, H., 1985. These 3e Cycle, U. Aix-Marseille II : 1-208. 
BOURCIER, M., 1976. Th. D. Etat, U. A-M II, CNRS A0-12.150 : 1-212. 
CUTLER, E. B., 1973. Bull. Am. Mus. nat. Hist., 152 (3) 103-204. 
LAUBIER, L., 1958. Vie & Milieu, Fr., 9 (1) 67-73. 
LAUBIER, L., 1966. Ann. Inst. Oceanogr., 43 (2) : 137-316. 
PICARD., J., 1965. These Doc. Sic. nat., u. Aix-Marseille : 1-160. 
SOLIS, V., 198:<:. An. In. C. Mar. Lim., U. Na. Aut. Mex. 

1 
9 (1) : 1-18. 

WILLSIE, A., 1983. Rapp. Commiss. int. Mer Medit. 1 28 (3) : 165-168. 
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Abstract : The Amphipod fauna from dead and living Posidonia oceanica "mattes" is 
studied. Richness in both ·matte types is similar when s1lt content and pollution 
are low . When contamination is high, the difference is marked . 

Dans le cadre d'une etude comparative de la faune des mattes d'herbier de 
Posidonies mort et vivant ( Willsie en preparation ) cinq stations a -11m ont ete 
choisies dans les golfes de Marseille et de Fos (.Bourcier et Willsie, 1986 )corres
pondant a des degres differents de sedimentation et de contamination par divers fac
teurs polluants . 4 prelevements echelonnes au cours de 1' annee ont ete effectues 
dans la matte morte et la matte d'herbi3r vivant a l'aide d'un carottier ( Willsie, 
1983 ) prelevant une carotte de 4,11 dm • 

Prenant en compte les taux d 1 envasement, le degre de pollution par les metaux 
lourds accumule par la matte, un classement relatif des stations a pu etre realise, 
il s'etablit comme suit ( Tableau 1 ) 

Tableau 1 : Classement des stations en fonction du taux d'envasement et du degre de 
pollution par les metaux lourds 'H. V. :Herbier vivant M.M. :matte morte) 

H V MM. H V. M.M. H.V. M.M. H.V. M.M. H.V. M.M. 
nvasement f(63)'.in.% 5.,8 5,1 2,1 9,4 14,3 22,7 30,8 30,5 20,5 35,8 
ndice de pollution 

jcwnulee relative % 
(Hg,Pb,Cu,Zn,Cr,Mn,Fe) 27,3 25,1 32,5 28,8 47,7 49,3 73,2 75,8 100 81,8 

Station 3 Station I Station 2 Station 4 Station 5 
Carry le Plateau Maregraphe S.E golfe Est golfe 
Rouet des Chevre Marseille de Fos de Fos 

Les Crustacea Amphipodes recoltes dans les 40 prelevements etudies nous ont 
fourni 51 taxons representes par 293 individus ( Tableau 2 ) 

Tableau 2 Donnees concernant les Crustacea Amphipodes. 

jNombre d' especes 
~ombre d' indi vidus 

H.V. M.M. 
11 14 
24 56 

Stations 
2 

H.V. M.M. H.V. 
14 23 16 
46 48 31 

M.M. H.V. M.M. H.V. M.M. 
15 11 3 14 2 
26 23 4 29 6 

En ce qui concerne les Crustacea Amphipodes, il n'existe pas de difference signi
ficative de richesse specifique et quantitative entre la matte d'herbier mort et 
celle d 'herbier vivant pour les stations les moins contaminees ;par contre la diffe
rence est tres importante pour les stations les plus contamimees oil lfls mattes d'her 
bier vivant presentent encore une richesse quasi normale alors que les mattes d 'her
bier mort sont d'une extreme pauvrete . 

Les indices de diversite ( Shannon ) sont homogenes entre matte morte et matte 
d'herbier vivant pour les 3 premieres stations peu contaminees et sont tres faibles 
dans les mattes mortes des 2 stations de Fos, alors que dans 1 'herbier vivant l'in
dice de diversite est comparable a celui des autres stations ( Tableau 3 ) . 

Tableau 3 : Indices de diversite et Equitabilite dans les differentes stations 

I 
I Statl.Ons 

5 
H V M M H V M M H V 

2
M M !LV. M.M. H.V. M.M. 

Les especes les plus abondamment recoltees sont les mfunes dans les different& 
sites, mais leur frequence globale est faible ( Tableau 4 ) 

Tableau 4 : Presence (P) et nombre d'individus. (N.i) des especes. les plus ab.ondantes 
f?{40 7l d= p;rel, N,l.. 7l du nh total d'i 

Metapho:r:us peatinatue 16 (40) 27 (9,2) 
!Maem grostnma:na 13 (33) 48 (16) 
Siphonoeaetes deUa vaZZ.ei ll (28) 21 (7 ,2) 
Dezamine spinosa 8 (20) 14 (4,8) 
Phtisioa marina 7 (18) 10 (3,4) 
MonoouZ.odes carinatus 7 (18) 7 (2,3) 
Gcurirna:PeUa fuaiooZ.a 6 (JS) J2 (4,1) 
Urothoe eZ.ega:ns 6 (15) 10 (3,4) 
LeptooheiPUS hirsutimanus 5 (13) 13 (4,4) 
Metapho:r:us ful.toni 5 (13) 7 (2,3) 

17 taxons (33%) ne sont representes que par un seul individu • 
Du point de vue specifique, il n 'y a pas de difference marquante entre la faune 

amphipodologique de l'herbier vivant et celle de la matte :morte: sur les 10 especes 
les mieux representees, 7 sont presentes dans les deux types: de matte • 

La pauvrete du peuplement amphipodologique de la ·matte morte des stations 4 et 
5 les plus envasees et les plus polluees, est nette • Si 1 'on compare avec la teneur 
en sediment fin des sediments on ne trouve aucune correlation, permettant de separer 
les stations de matte morte de celles d'herbier vivant pour les stations 4 et; 5 , 
les deux sites sont riches en particules fines • Pour ce groupe d' animaux eminennnent 
vagiles, on pourrait penser que la qualite de l'eau surnageante est essentielle: 
ceci ne semble pas €tre aussi simple puisque la ·matte d 'herbier :mort et l'herbier 
vivant sont baignes par la m€me masse d 1 eau . Il semble done que 1 'extrlame pauvre te 
en Amphipodes. des sites de matte morte en milieu pollue est a mettre en liaison 
avec la grande toxicite de 1 'eau interstitielle due au relargage de polluants des 
sediments en remaniement permanent • Cette eau particulierement toxique remplie les 
cavites et interstices de la matte, seuls refuges existant pour les Amphipodes dans 
1es mattes mortes. Il s' ajoute aussi la contamination des vegetaux et des particules 
cons tituant 1' essen tiel de leur alimentation • 
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Resume: On a etudie la distribution des Amphipodes dans la baie de Palau(Sardaigne) 
dans deux biotopes differentes, caracterise par la phanerogame Posidonia oceanica(L.) 
Delile et 1' algue CauLerpa proLifera(Forsskal) Lamoureux. 

To investigate the status of the marine environment in an area subject to anthropomor
phic changes, a study on the animal benthic communi ties has been undertaken in the b.ay 
of Palau(North-East Sardinia). The above mentioned area is colonized by Posidonia oce
anica(L. )Delile and CauLerpa proLifera(Forsskal)Lamouroux. For further informations on 
the aim of the project and characteristics of the study area see: -Syllidia(COLOGNOLA 
et al. ,1983), whole Polychaeta( GAMBI et al., 1985) and Mollusca(RUSSO et al. ,1985). This 
paper takes into consideration the Amphipod fraction of these samples. 
The fauna was collected "in situ" in January 1982 using an air-lift sampler. A 50x50cm 
area was sampled at 4 stations. Station .. l(-8m) ,colonized by Posidonia,was situated.in 
proximity of the harbour. Station 2(-3,5m),colonized by Posidonia,was more exposed to 
water movements. Station 3(-4m) ,colonized by Caulerpa, was located in the innner part 
of the bay. Station 4(-4,5m) was situated over a sandy bottom(Fig.l). Population para
meters such as species -:-r.ichness t abundance and quantitative dominance were computed. 
A qualitative comparison between stations was made using S~rensen 1 s similarity index. 

Thirty-nine species belonging to 2 Suborders ( Gammaridea and Caprellidea) , 17 Families 
and 28 Genera were identified for a total of 1169 individuals.We did not find Amphi
pods in st.4. Twelve of these species were rare, with only 1 individual present at the 
sampling site. The remaining 27 species showed an irregular distribution pattern. In 
fact, only 5 species,Aora spinicornis Afonso(2.82%),Apherusa chiereghinii Giordani-So
ika ( 1. 36%) , Dexamine spinosa ( Montagu) ( 1.11%) , Capre Ua acanthifera discrepans Mayer (50. 
38%) and Phtisica marina Slabber, were present in all stations. With the exception of 
C.acanthifera d. ,these species are considered as "typical" ·of P.oceanica prairies(LE
DOYER ,1968; SCIPIONE & FRESI, 1984) . Amphithoe ramondi Audouin( 0. 94%) ,Apherusa vexatrix 
Krapp-Schickel ( 0. 51%) ,PeriocuLodes aequimanus Schellenberg( 0. 34%) and PseudoproteUa 
phasma(l1ontagu) (0.34%) occurred only in J?osidonia samples whereas AmpeUsca sp. (0.17%) 
M·icrodeutopus sp. ( 0. 34%) ,Maera grossimana (Montagu) ( 0. 51%) , PeriocuLodes Longimanus (Bate 
& Westwood) ( 0. 59%) ,Metaphoxus pectinatus (Walker) ( 0.42%) and Stenothoe monocuLoides (Mou 
tagu) ( 1. 71%) only in the Caulerpa sample. Some of these latter species are common on 
soft substrata, but also in Posidonia "matte" and leaf strata(HARMELIN, 1964; LEDOYER, 
1968; SCIPIONE & FRESI, cit. ) . 
Notwithstanding the relatively high values obtained for the similarity index(0.486) 
(Fig.3),st.2 seems to be characterized by a better structured Amphipod community due 
to its greater species richness and abundances(Fig. 2). By contrast, the different envi
ronmental conditions at st.l(high sedimentation due to the proximity of the station to 
the harbour and very low hydrodynamic forcing)probably contribute to modify the PosidQ 
nia community structure. In the Caulerpa station tht! Amphipod fauna seems to be very 
similar to that of station 2(0.489). According to LEDOYER(1966) ,we can attribute this 
biotop to the Posidonia community, with some contamination from adjacent bare soft bot

toms. The high abundances in the Caulerpa bed were primarily due to the presence of 
the Caprellidae: CapreUa acanthifera discrepans Mayer(54.9%),which also occurred on 
Posidonia but only with a limited number of individuals; and Pariambua typicus(Krglyer) 
(28.61%) ,considered as "preferential" in SFT(BELLAN-SANTINI,l962)but completely absent 
in adjacent bare soft bottoms(st.4). Further studies are auspicable to verify if these 
species are more strictly related to Caulerpa beds. 
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B-Ill I 
S0'1E NOTES ON THE A-IPH!PODA COLLECTED DLRII'i3 BENTHIC SURVEYS IN GREEK WATERS 

Maria KARAKIRI and Artemis NICOLAIDOU 

Zoological Laboratory and Musetun, University of Athens, 
Panepistimioupolis, Athens (Greece) 

Ce travail prEsente 1' influence des facteurs ecologiques sur la distribution 
de 93 especes d I Amphipodes recoLt6es en cinq regions de Grece durant des recherches 
sur les biocenoses benthiques. 

Jnspite of their importance in marine benthic communities the Arnphipoda is a 
group very little studied in greek seas. The few papers published exclusively on Am
phipods from greek waters are those of Ledoyer (1969), Myers (1969), Karakiri & Nico
laidou (1985) and Bellan-Santini (1985). A few workers ~ive some infonnation about 
certain species in reports about general benthic surveys (Bogdanos & Satsmadjis 
(1983). 

The present paper presents a list of the amphipods collected during benthic sur
veys at five areas in Greece and suggests the ecological factors which nossibly in
fluence their distribution. For identification of the species and in_fonnation on 
their ecological characteristics the following studies of mediterranean and north -
atlantic species were used : Ruffo (Ed.) 1982 ; Stock, 1967 ; Bellan-Santini, 1985 ; 
~1arques & Bellan-Santini, 1985 ; Myers & McGrath, 1984 ; Dridi & Pnmus, 1980. 
For the identification of some species the key of Chevreux & Fage (1925) was used. 

Around the islands of the Northern Sporades, thirteen stations were sampled in
cluding hard substrata, covered to a various degree by photophilous algae, calcareous 
algae and sponges, and soft substrata with muddy sand, sand and muddy gravel. 
The depth ranged between 2 and 20 m on the hard and from 9 to 40 m on the soft bottom. 
71 species were found of which the most abundant were ELasmopus pocil:Lirftanus and 
CapreUa acanthifera. The last species together with Dexamine spiniventris were also 
the most widely distributed. The major factors governing the distribution of amphi
pods, as suggested by a principal components analysis, are the type of substratum, 
grain size and ,,·ave exposure. 

The site of Evoikos Gulf received metalliferous residue from a laterite proces
sing factory. In the three shallower stations (21-32m) the sediment was muddy sand 
and muddy gravel with some weathered metal grains. The most numerous species was 
Lusianassa Zongicornis, while MonocuZodes carinatus and Microdeutopus stationis were 
exclusively found in this group of stations. The deeper stations (51-58m) included 
nine clean and polluted muddy sand stations and nine mud stations. They were all 
characterised by low numbers of species and individuals. OVer the whole area 20 spe
cies were found with AmpeLisea diadema most widely distributed. The distribution of 
amphipods \vas related to depth and to the pollution by solid wastes. 

In Amvrakikos Bay, at depths from 7 to 27 m f1ve stations were sampled. The 
bottom was mud and muddy sand with shell breccia. Only 9 species were identified, 
most of them characteristic o£ open sea biotopes and photophilous algae. 

~lazorna is a brakish water lagoon in the same bay. Ten stations were visited 
seven times. The depth ranged between 0. 9 and 2. 0 m and the sediment was l!Uld or 
sanclv mud covered in -places by Zostera noZti and Chaetomorpha. 
11 species were identified of which the most abundant were Corophiwn insidioswn, Dexa
mine spinosa, Gcurunarus insensibiUs and Microdeutopus gryZZotaZpa. The distribution 
of these species was closely related to the plant species and the percentage cover of 
vegetation and was controlled by interspecific competition. 

Finally, five samples were collected from two yacht marinas in the Saronikos Gulf 
from depths of 1.5-6.5 m. The sediment ranged from liDld to gravelly sand with dense 
CLadophora in places. Most of the species identified, were characteristic of shallow 
waters with organic enrichment such as C. insidioswn and M. gryZZotaZpa. Other ab=
dant species were G. insensibiZis and Corophiwn orientale. 

On the whole 93 species were identified belongine to 22 families. 18 of the spe
cies were mediterranean endemics. There are similarities in the species fo=d in 
Greece with those reported from similar biotopes in other mediterranean areas. 
For example, 12 species were identified both on hard bottom at the N. Snorades and on 
hard bottom at Ischia (Scipione et al. 1981). A few species identifiel in Mazoma la
goon, are also present in a coastal lagoon in Italy (Diviacco, 1982). 
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B-III2 
BRYOZOAIRES VIVANTS PROVENANT DES DRAGAGES EFFECTUES 

LE LOf'Ki DES COTES OORD ET EST DU PELOPONNtSE 

J. CASTRITS I -CATHARIOS , D. PANAGOPOULOS , G. GANIAS et M . DAIKOU 

Universite d'Athenes, .Laboratoire de Zoologie1 Panepistimiopolis, AthEmes (Grece) 

RESUME: Le but de ce travail etai t l' invent a ire de la faune bryozoologique de ces 

regions ( 137 stations) en tenant compte des differents parametres abiotiques ainsi 

que du substrat. On a trouve 104 especes parmi lesquelles beaucoup sont mentionnees 

pour la premiere fois dans la Mediterranee orientale. 

~: Investigation on the Bryozoan fauna of the North and West coast of Pelo

ponnese (Greece) in relation to various abiotic parameters including the substrate 

( 137 stations); 104 species were found among which many are reported for the first 

time in the Eastern Mediterranean. 

La connaissance systematique et ecologique des bryozoaires de la Mediterranee 

orientale est assez limitee. Nos renseignemants proviennent des travaux de: HARMEL IN 

(1968~, HAYWARD (1974), UNSAL et D'HONDT (1978-1979), UNSAL (1975) BUGE et DEBOURLE 

( 1977), CASTRITSI-CATHARIOS ~ ~ ( 1972, 1983, 1984a, 1984b, 1985a, 1985b, 1985c). 

Les prelevements ont ete effectues dans la zone subli ttorale, le long des cotes Nord 

et Est du Peloponnese ainsi que celles des iles Kefalinia et Zakinthos. La pro

fondeur variait entre 0-20 m et le materiau a ete ramasse avec une drague du type 

Hfoster's". La preservation des Bryozoaires a ete effectuee d ,apres la methode 

decri te par PRE NAN & BOB IN ( 19 56) d 'a pres Loppens ( 1904) • On a me sure la temperature 

de la surface et du fond, la salinite %;; et specialement pour les 10 stations du 

port de Patras l'oxygene dissous, le pH, les phosphates et les nitrates. Enfin, 

analyse detaillee du fond e ete evaluee. 

Le plus grand nombre des especes trouvees eta it, en premier lieu~ des 

formes encroU.tantes massives~ ensuite adhi§rentes pourvues de rhizoides et en dernier 

lieu~ des formes ramif8es dans un seul plan~ en nombre tr€s limit€~ 

Il faut remarquer que les especes sont bien. representees dans les diverses 

stations quoique le nombre total des colonies differe considerablement d'une region 

a l 'autre. Exceptionnellement dans le port de Patras nous avons trouve un nombre 

reduit de colonies mortes a cause de la forte pollution urbaine et portuaire a la 

fois. 

Etant donne que le nombres des especes trouvees ( 104) est tres grand on donne 

ci-dessous une liste tres reduite qui comprends celles qui, a notre avis ont une 

plus grande importance ~cologique et qui sont mentionnees pour la premiere fois: 

LISTE DES ESPECES D' APRES LES STATIONS DE RECHERCHES 

Bowerbankia imbricate (ADAMS), Bowerbankia pustulosa (ELLISET SO LANDER), Farrella 

repens ( FARRE), Mimosella verticillata (HELLER), Victorella pavida SAVILLE KENT, 

Zoobotryon verticillatum (DELLA CHIAJE), Aetea sica (COUSH), Chlidonia pyriformis 

(BERTOLINI) , Colletosia innominata (COUCH), Copidozoum planum ( HINCKS), Puellina 

gattyae ( LANDSBOROUGH), Scrupocellaria maderensis BUSK, Tricellaria peachii 

(OSBURN), Cryptosula pallasiana (MOLL), Fenestrulina malusii (AUDOUIN), Hippodiplosia 

delicatula (MANZONI), Parasmittina nit ida (VERRILL), Schizomavella gardens is, 

Schizoporella vulgaris (HINCKS), Sertella scbuermanni (JULLIEN), Watersipora subo

voidea (D'ORBIGNY), Cardioecia watersi (O'DONOGHUE), Crisia ebournea (HINCKS), 

Cricia elongata (MILNE EDWARDS), Entalophora deflexa (COUCH), Lichenopora verrucaria 

(OSBURN), Microecia suborbicularis (HINCKS), Stomatopora major (JOHNSTON), Tubuli

para hemiphragmata. HARMELIN. 
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B-III3 
ASPECTS DE lA REPROOJCT!ON ET DE lA BI<1'1ETRIE CHEZ PECTEN JACOBAEUS (L,) 

(MJLLUsCA, BJVALVA) OJ GOLFE DE VENISE (HAUTE AnRIATIQUE) 

G. VALLI, G. PAGOTTO, G. FOI et L. BOSCHIAN 

Dipartimento di Biologia, Universita di Trieste, Trieste (Italia) 

Abstract: The reproduction and biometry of Pecten jacobaeus have been studied during 
1983-84. The histological study of the gonads has permi ted to observe an reproduction 
nea...,..,ly continue and the maximum occurs in July-October. The growth is allometric. 

La li tterature sur la biologie de la Famille Pectinidae est assez vaste mais 
il y a des €:speces qui ont €:t€: un peu n€:glig€:es, comme Pecten jacobaeus, espece 

commune du circalitoral de la M€:diterran€e. En effet, a notre connaissance, on 
peut ci ter, seulement, les travaux de LOPEZ-BENITO ( 1955) , qui a etudii\ sour tout 
les variations dans la composition biochimique de 1' espece en Espagne, de VALLI 
et DOVIER (1977) et de VALLI (1979) qui ont suivi la reproduction et la biometrie 
dans 1e Golfe de Trieste au cours de 1975-76. A la fin de 1' ete 1977 on a eu dans 
la haute Adriatique une mortali te massive a cause d '.une crise anoxique, par effet 
d' une thermocline d' intensi te et duree exceptionelle ( ~TEFANON et BOLDRIN, 1980) 
et localisee dans une zone tres etenduee comprennante les lieux oU vi t Pecten jaco
baeus: rnais l' esp8ce a revele une capaci te considerable de reprise car-, en deux 
saisons seulement, il y a eu reconstitution des stocks. En effet 1' acti vi te de 
plkhe reprenait et augm€mtait sourtout pour le port .de Chioggia (Golfe de Venise) 
et c' est pour 9a que la municipali te de Chioggia a charge un de no us ( Pagotto) 

de s 'occuper des problemes concernant la pBche et, particulierement, d: etablir 
la plus petite taille de capture. Ces donnees sur la peche ont ete discutees par 
PAGOTTO (1985) dans un autre travail: ici on s'occupe de la reproduction et de 

la biometrie. 
Les animaux provenaient de peches fai tes expres, en haute Adriatique, tous 

les mois, de juillet 1983 a juillet 1984. Chaque mois on a mesure, avec un compas 
a coulisse, la longueur de la coquille de tous les animaux recueillis, on en a 
isole une cinquantaine, choisis au hasard, sur lesquels on a mesures la hauteur, 
1 'epaisseur et le poids total, celui des parties molles et de_ le coquille. Sur 
30 animaux 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: ces donnees 
ont ete elaborees avec un ordinateur indi vi duel. Les gonades des 20 animaux restants 
ont ete fixees au Bouin, coupees et colorees a l'hematoxyline-eosine et classees 
selon une echelle de 5 Stades (VALLI, 1979): Stade 0 (repos sexuel), Stade 1 (debut 
de la gametogenese) , Stade 2 ( developpement) , Stade 3 ( maturi te) , Stade 4 (emission). 

Les gonades de Pecten j acobaeus sont hermaphrodites et il s 'agi t d' un hermaphrodi
tisme contemporain et c 1 est pour cela qu • on ne distingue ici 1 'evolution des deux 

regions de la gena de~ L' espece est caract€ris€e par une peri ode reproductive assez 
longue qui comprend presque totite 1 'annee. Les emissions plus importantes des gametes 
ont lieu de juin a octobre, plus limi tees en janvier et en mars, sporadiques en 
novembre, La presence d' animaux en repos sexuel (Stade 0) pendant les mois de septem
bre et octobre pourrai t indiquer un arret dans le cycle dont les animaux sortent 
rapidement. Enfin, 1es stades de la gametogenese (ptade 1 et 2) sont toujours repre
sentes. L' index gonadique de SEED (1980), qui resume par une seule valeur par mois, 
1,; condition des gonades est (juillet 1983 - juillet 1984): 

A 

2.10 1.95 1.55 2.05 1.91 1.57 2.00 2.50 1.55 1.35 2.35 2.35 

Les valeurs scint, en rooyenne-, elevees en confirmation d'une activite reproductive 
presque continuelle, si on considere que 1 1 index gonadique peut varier de 0, repos 
sexuel, a 3, lorsque tous les individus sent mGrs~ La longuer moyenne est de 8.22 
em. ce qui pourrai t etre consid€:r€e plut6t faible mais qui est du au fait qu' on 
a essaye de capturer des animaux les plus jeunes possibles (par rapport aux outils 
de peche employes) pour rechercher la tai1le a la premiere maturi te sexuelle ( 1 'inter
valle de mesure est de 3.6 a 14.2 em.): en effet les animaux les plus peti:ts etaient 
au debut de la gametogenese ( Classe 0+/1+). Dans le tableau sui vant, on rapporte 
seulement quelques-unes des regressions fonctionnelles ca1culees (Modele II, GM): 

Dep./Ind. r-2 b interv. de b a 95% 
E/L 583 0.84 -0.3602 0. 7797 0. 7540--0.8054 
PT/L 533 0.89 -0.7412 2.6685 2.5930---2.7440 
PV/L 533 0.88 -0.7469 2.4912 2.4189---2.5634 

PPM/L 
PS/L 
PSSC/L 
PV/PT 

533 

347 
347 
433 

PSSC/PT 317 
PS/PPM 317 

0.85 -1.5182 2.9444 2.8486--3.0397 
o. 71 -2.6272 3.3492 3.1587--3.5396 
o. 71 -2.9562 3.6005 3.3954---3.8056 
0.97 -0.0550 0.9336 0.9193--0;9478 
0.81 -1.9476 1.3461 
0.88 -0.8646 1.1066 

1.2806--1.4116 
1. 0638----1.1494 

( oU:. L=longueur, H=hauteur, E=epaisseur, PT=poids total, PV=poids valves, PPM=poids 
parties molles, PS=poids sec, PSSC=poids sec sans cendres. Intervalle de b a 95% 
pour tester 1 I allom€trie de 1 1 accroissement. Toutes les regressions ont ete lineari
sees par transformation logari thmique des variables. ) 

Par rapport aux intervalles de mesure efTectuees, on observe une croissance allometri
ques pour toutes les variables, sauf pour la regression PPM/L, oil l'hypothese de 
croissance isometrique ne peut etre refusee .. 

L'€:tude du cycle reproductif de Pecten iacobaeus permet de confirmer les observa
tions de VALLI et DOVIER (1977) et VALLI (1979), faites pour 1a haute Adriatique 
avant la mortali te du 1977, et de reperer des animaux adul tes au Stade 0 (repos 
sexuel) et au Stade 1 (debut de 1a gametogenese) que VALLI ( 1979) avai t prevus 
rnais observes, seulement, parmi les plus jeunes. Certaines differences, dans 1' inten
si te des emissions' peuvent etre expliquees par la variabili te des conditions ecolo
giques J d l annee en annee' plut8t que par les changements dans la strat€gie repro
ductive de 1' €spece. Toutefois, la haute Adriatique doi t etre consideree un milieu 
excellent car, rarement, la temperature du fond descend au dessous de 5°C et par 
sa richesse en phyto et .zooplancton (MOSETTI, 1972; SPECCHI, 1984; FONDA-UMANI 
et Alii, 1984). Enfin, le fait que des individus de 3.6 em. environ mO.rissent les 
gonades, n' autorise pas leur capture, a cause de la quanti te tres lirni tee de leurs 

chairs, comme on peut deduire de 1 'etude des regressions, mais leur contribution 
a la reproduction de 1 1 espece est negligeable. 
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B-III4 
CARACTERISTIQUES W ZOOBENTI-DS DU SECTEUR BULGARE DE lAMER f'biRE 

Tenu MARINOV 

Research Institute of Fisheries, Varna (Bulgaria) 

Abstract: Data have been provided about the origin of the Black Sea bottom fauna,its 
quantitative and qualitative composition and the positive and negative importance on 
human' economics. 

Par son origine la faune pontique est composee en majorit€: d'immigrants m€:diterr~ 
neens· penetres dans ce bassin i1 y a 5-6 mille ans, quand eut lieu la derniere conn~ 
xi on entre ces deux m;?:rs. Cette immigration lieu encore aujourd 'hui, te"moin la pre
~ence dans la region pre.bosphorique dil Pont Euxin d I especes en voie d 'acclimatation 
(adaptation aux conditions du reste du bassin de la Mer Noire). Le deuxieme groupe 
est constitue des relictes caspiennes, pen€tr€es et restees en Mer Noire depuis 1 '€:
poque oil la Mer Noire et la Mer Caspienne etaient connectees·· par la riviere de Manx_ 
tch~ Cette categorieQ'a.c::n~ces peuple de nos jours les eaux·saumB:tres du littoral.Le 
troisieme groupe est compose d' "immigrants d 'outre mer" tels que Btaakfordia vergf:_ 
niaa, BougainviUia megas, Meraiei>eUa enigmatiaa, Balanus improvisus, B. eburneus, 
Rhithropanopeus h=rissii, Rapana thomassiana, Mya a:t'Bnaria et Cunea:t'aa cornea. 

Ces especes ani males entrent dans la composition de la faune benthique devant le 
littoral bulgare de laMer Noire qui compte jusqu'a 1500 especes(Valkanov, 1957;Val
kanov et Marinov, 1964; Marinov et Golemanski, 1986) .. Du point de vue systematique 
les groupes qui dominent sont les Crustaces, les Protozoaires, les Vers, les Mollu
sques (Gastropodes et Bivalves). Parmi les crustaces les plus abondants en nombre 
d 'especes sent les Harpacticoides (204). Parmi les protozoaires les especes qui do
minent sent les Infusoires (plus de 400); parmi les vers (s .1.) les plus largement 
representes sont les Nematodes et les Polychetes (210 esp1kes environ en total), ta!!_ 
dis que le nombre des Mollusques s 'eleve a 80 especes environ. Les autres groupes 
d 'animaux benthiques sent representes par un nombre d 'especes considerablement plus 
faible, bien qu'on observe un developpement en masse de certains d'entr'eux. 

Le plus souvent on observe parmi les Coelente,-es - 1 'Aatinia equina et Aatimo
thoe alavata; parmi les Turbelaries - Arahotoplana holotriaha et Coelogynopora bi=
mata; parmis les Nematodes - Axonolaimus pontiaus, des especes du genre Terschellin
gia et parmi les Polychetes - MelUna patmata, Ophelia biaornis, Prionospio airrife
ra, Platynereis dwneriUi, Terebel-Lides stroemi etc. On trouve souvent en a~ondance 
des crustac~s Harpacticides, certains Ostracodes, Isopodes, Amphipodes et Decapodes. 
De meme, sont frequents et se developpent en masse les mollusques: Mytitus gaZZop~'l_ 
vinaiaUs, Venus gallina, Modiola pheseoZina, Maatra subtrunaata, Rissoa venw;ta, 
Bittiwn retiaulatwn, PhaseeneUa pontiaa etc. Des Bryozoaires se developpent en ma~ 
se, l 'especec EZear;rc piwsa et des Ascidiens et des Echinodermes - les especes B9_ 
tryUus sahtosseri et Amphiura stepanovi. 

Les analyses quantitatives du zoobenthos du littoral bulgare de la Mer Noire ont 
montre que sa densite moyenne s 'eleve a 1038 ex/m2 et sa biomasse moyenne e 105 
g/m2. La biomasse totale s'eleve i1i 1.2- 1.5 millions de tonnes. La densite moyenne 
du meiobenthos est de 165000 ex/m2 (Marinov, 1979). 

L'importance economique du zoobenthos peut etrepositive et negative. L'aStJt:!Ct P£. 

sitif s 'exprime surtout par 1 'usage des especes comme auments pour 1 'homme, par e

xample la moule Mytilus gaUoprovinaiaZis, dent les stocks naturels ont iette forte
ment decimes ces dernieres annees par le gastropode carnivore Rapana thomassiana 
ainsi que par une forte mortalite due aux blooms phytoplanctoniques causant un deficit 
aigu en oxygene par suite d 'une eutrofisation croissante ~ N'anmoins, 1 'importance iico
nomique de la moule semble accrue en vue des possibilites de culture qu 'offre ce mol
lusque. Un deuxieme aspect positif du zoo benthos se revele dans la part que les espe
ces benthiques prennent dans 1 'alimentation des poissons demersaux. L 'effet negatif 

du zoobenthos se revele surtout dans 1·· 'importance du fouling des coques de navires 
dil aux especes telles que BaZanu.q improvisus, MytiZus gaUoprovinaiaUs, Meraierel:la 
enigmatiaa, BotryUus sahtosseri etc. Les dernieres etudes sur le caractere et la dy
namique du fouling ont mis en evidence que sa production pourrait atteindre les 84 

kg/mZ/an. 
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B-Ills 
HYALONEMI\ TI-DMPSONI ft.RSHALL, UNE NOUVELLE HEXACTINELLIDE Mtn!TERRANEENNE 

ET SES AFFINITES AVEC H. INFUNDIBUWM TOPSENT 

Maria-Jesus URIZ et Dolors ROSELL 

Centre d'Estudis Avan<;ats de Blanes, Cami de Santa Barbara, Blanes (Gerora) (Espana) 

SUMMARY 
The genus Hyalonema (species H. thompsoni) has been found for the first time in the 
Mediterranean Sea, between Balearic Islands and the Iberian Peninsula, at a depth of 
1540-lSSOm, on a bottom of argilous mud. This mediterranean specimen seems to repre
sent a variety of the north-atlantic species because o·f the spicule characteristics 

of its base. On the other hand, the already known likeness of H. thompsoni with the 
close species H. infundibulwn increases taking into account the new mediterranean 
specimen. So the authors consider these two Hyalonema species as belonging to an u
nique polymorphic species. 

Malgr€: le progr€.s des connaissances sur la faune profonde m€:di terran€:enne pendant les 
dernieres annees, qui a permis de la caract€:riser et d 1 €:tablir ses affinites biogeo
graphiques (Fredj et Laubier 1985), les spongiaires res tent encore assez mal connus, 
particulierement en dessous de lOOOm de profondeur. 

Traditionellement on regarde la Medi terranee comme une mer pauvre en Hexactinellides. 
En effect, le recueil des signalisations fait par Zibrowius (1985) ne comprend que 7 

especes, appartenant a 6 genres. Neanmoins, toutes ces especes sauf Pheronema grayi 
vi vaient au des sus de lOOOm et i l ne semble pas impossible que d' autres especes pui~ 
sent etre trouvees en explorant des profondeurs superieures. La recolte de H. thom
psoni par 1500 met les photos prises par le submersile CYANA dans la Mediterranee £. 
rientale (Zibrowius 1985), semblent le confirmer. 
Le specimen mediterraneen de H. thompsoni a ete preleve au chalut (appareil Merret) 
lors de la Campagne Oceanographique BATIMAR-I entre les !les Baleares et le littoral 
iberique (40° 31,4' Lat. N; 1° 46,5' Long. E) dans un fond de vase argileuse et de 
rochers, entre 1540 et l580m de profondeur. 
Aucun des aspects decrits pour les vases bathyales (Peres et Picard 1964) n'a pu e
tre identifiee d. apres l f etude de la faune accompagnante, parmi laquelle 1 'holothu
rie Mesothuria intestinal-is (Alba, comm. pers.) des eponges du genre Radiel'la et les 
poissons Alepoaephalus rostrarus, Bathypterois mediterraneus et Polyaaanthot;us ris
sois (Rucabado, Del Cerro et Merret, comm. pers.) etaient les elements les plus re
presentatifs. 
Les caracteristiques morphologiques et squelettiques de cet echantillon permettent 
d 'y reconnaitre sans difficulte 1 'espece nord-atlantique H. thompsoni, bien que les 
spicules de la region basale soient mains robustes et plus epineus que ceux des spe
cimens atlantiques (Schulze 1887) (fig. lb). Cette particularite, outre la presence 
de diactines et hexactines aux bouts epineux (fig. la) dans la base de 1 f eponge, nous 
font penser a une variete ntediterraneenne, malgre la coincidence parfait du reste des 

elements spiculaires. Il faudrait, cependant, etudier d 'aut res echantillon medi terr2c 
neens pour confirmer ou non la constance de cette variation spiculaire ~ 
Une autre especes nord-atlantique, H. infundibulwn, qui presente aussi les diactines 
basales epineuses, ressemble enormemente par sa spiculation a 1 'echantillon medite

rraneen de H. thompsoni. La morphologie de la partie superieure qui etait la seule 

caract€ristique permettant de dif!€renc~er ces deux especes, est lntermediaire dans 
le specimen tnediterraneen qui montre une concavit€, comm.e H. inj'undibuZwn~en plus 
d 'un cone central, comme dans les H. thompsoni typiques (fig. lc). 
Ce specimen nous semble done confirmer l'opinion de Topsent (1904) et d'Arnesen (1920), 
selon laquelle il s'~'agirait varietes d'une seule espece .. : Ainsi done, a notre avis, 

on serait en presence d'une espece polymorphique, dont on connaissait d€ja une sous
espece' exiguwn Topsent. 

B 

A 

-1-7_o,u_m ___ B (1) et (2) '" ~ c ~ ,,, 

~c 
lOO,um 

B (3) 

Fig. 1. Hyalonema thompsoni. A) Diactines et hexactines epineuses do specimen m"uL
•erraneen. B) Sni rules caracteristiques de la region basale: (l) specimen 

nord-atlantiquetypique; (2) variete exiguwn; ('i) specimen mediterraneen. 

C) ·Partie superieure: (1) specimen nord-atlantique·, (Z) specimen mediterra
n€en. 
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B-IVI 
DISPLACEMENTS OF Sf-DALS OF AAISTEUS ANTENNATUS DEDUCED 

FROM THE FISHING ACTIVITY OF WEST LIGURIAN TRAWLERS 

Lidia ORSI RELINI, Giulio RELINI et Mirella SEMERIA 

Labor a tori di Biologia Marina ed Ecologia Animale, 
Istituto di Anatomia Comparata, UniversitB. di Genova, Genova (Italia) 

RESUME'- Un chalutage des crevettes rouges, Aristeus antermatus (Risso), donduit de 
maniere intensive et prolongee sur une aire limite (au large de Ventimille) fait sue_ 
poser un d€:placement continu de crevettes rouges vers cette aire de r€:colte. 

The red-shrimp fishery of the Ligurian sea (for some historical notes see Orsi Reli
ni e Relini 1985) has shown a serioUs reduction in the central and eastern sectors 
since 1980; however, in a very limited area of the Western Ligurian Riviera, off the 
coast of Ventimiglia, in the last few years, the trawlers have obtained increasing 
catches of AI'isteus antennatus. Now that a work-group on the biology of the deep Pe
naeids has been set up(l), we are of the opinion that the description of some featu
res of the west ligurian trawling activity - which are in· some re~pects unique - may 
provide some information on the biology of A. antennatus. 
Off the coast at Ventimiglia, the shelf is very "narrow and slanting and the slope is 
cut by two submarine valleys which are situated close to each other and positioned 
at right angles to the coast (a map can be found in Relini Orsi and Relini 1979). O
wing to the presence of rocks, the bottoms of the eastern valley cannot be trawled 
and fishing activity must be concentrated on bottoms ranging from 500 to 700 m in the 
western valley, on a single course North to South, which can be covered in 45-60 mi
nutes· In summer 1985, due to the good catches and the high market price of the shri 
mps, all the trawler fleet of San Remo (14 units) fished continuously in this area
from June to September, six days a week, from dawn to dusk, excluding only the days 

of very bad weather. The large number of trawlers working in the same zone often for 
ced then to wait in turns to be able to reach the exact position where it was suita::
ble to begin the haul. Once the trawling began, the main attention of the skippers 
was in the regulation of the speed: indeed they assert the existence of local currents, 
mainly in the same direction as the trawling(i.e.N-S)which influence the result of the 
haul. 

We analyzed the catch oh board during some days in July and August, recording (of each 
shrimp caught) the carapace length in mm, the sex, and the maturative stage. For the 
ovaries four categories were established, based mainly on the accumulation of carote

ne proteins i.e. on the colour of the ovarian tissue in toto (Relini Orsi e Relini 
1979): white =virgin or spent recovering ovary; pink = at the beginning of matura
tion; light violet = in advanced maturation; dark violet = ready to spawn. The males 
having spermatophores in the deferent terminal ampoules were considered mature .Fig. 1 
illustrates the complete catch obtained on 27/7/85 by the trawler "Carmela" totalling 
about 45 kg of shrimps. As we have alre~y recorded for other Ligurian fishing grounds 
(Relini Orsi and Relini 1979) the fishing is aimed mainly at spawners. Other days of 
fishing produced comparable results. It is remarkable that the fished stock remained 
productive under the described fishing pressure. The best catches reached 90 kg per 
day per trawler and only after the middle of September decreased to 15 kg per day. The 
catch composition in terms of maturity stages remained approximati.iy the same, while 
the largest size classes showed a reduction in the advanced fishing season. 
Bearing in mind the characteristics of the fishery and the catches it must be assumed 
that 
l) A continuous arrival of shrimps occurs which replaces those captured on the fi
shing ground. 
2) The movement of the shoals, which are composed mainly of mature spawners, could 

be passive, owing to the particular hydrodynamic characteristics in the canyon<> or, 
more probably active, as pelagic shrimps are generally considered good swimmers. 
They could correspond to trophic or reproductive requirements: e. g. are abundantly 

represented in the catches Pasiphaea sivado and the other pelagic shrimps that form 
part of the diet of A. antennatus (Brian 1931). Particularly the reproductive hypo

thesis is interesting: in submarine canyons ascending currents have been recorded 
(Picazzo and Tucci 1982) and these could be useful in thespreading of eggs and lar
vae, The small Western Ligurian fishing ground could be a fixed course in a reprodu 
ctive migration. It is evident that more hydrological information concerning this -;o 
ne is needed. -

;l) The idea for this w.-g. arose within a coop.progr. CSIC-CNR (Sarda-Orsi Relini). 
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Fig. 1 - Length/frequency distribution and maturative stages of A. antennatus traw
led in the canyon of Ventimiglia (a= virgin or spent-recovering; b = at the begin
nlng of maturation; c = in advanced maturation; d = ready to spawn). 
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B-IV2 
DISPLACEMENTS OF JIRISTEUS ANTENNATUS DEDUCED FROM THE STRUCTURE 

OF THE FISHED STOCK IN THE PoRTOF!NO AREA (EASTERN LIGURIAN RIVIERA) 

L. ORSI RELINI and G. RELINI 

Laboratori di Biologia Marina ed Ecologia Animale, 
Istituto di Anatomia Comparata, Universita di Genova, Genova (Italia) 

RESUME' - Le retour de crevettes rouges de grande taille sur une aire chalutable (au 
large de Portofino) oii elles etaient absentes depuis cinq ans, fait supposer d'impo.E_ 

tants deplacements des formes adultes. 

A trawling area for red shrimps occurs at about 700 m depth on muddy bottoms exten
ded on the slope between the Portofino Promontory and the submarine canyon on the ri
ver Bisagno. These bottoms have been exploited since the fifties and in recent yeara 
were studied in a prolonged CNR research (1976-1981) on the slope fishery resources. 
During surveys carried out as part of this research there was observed a decreasing 
trend in the catch of Az'isteus antennatus up to their extinction after the summer at 

1980 (Relini Orsi et al. 1982). 
In the subsequent years explorative deep fishing was effected in the same area in the 
appropriate seasons (spring and summer) but Aristeus antennatus proved absent. Final
ly in the summer ot 1985, at the end of July, some small catches (l-10 kg per haul la 

sting 3 hours) of this shrimp were obtained and in August the yield increased to 20 -
kg per haul. It must be noted that it was only one trawler which effected this fi
shing activity and only once or twice every week: so these catches represent in total 
a very scarce quantity compared to those registered in the past (Orsi Relini and Reli 
ni 1985a). -

Nevertheless, having been able to obsexve the demographic structure of the catch (on 
board in the summer of 1985), we are of the opinion that from it some information can 

be deduced on the behaviour of A. antennatus. We have r~corded of each shrimp the ca
rapace lenghh in mm, the sex and the maturative stage. For the ovaries four categories 
were established, based mainly on the accumulation of carotenoproteins, i.e. on the co 
lour of the ovarian tissue in toto (Relini Orsi and Relini 1979): white= virgin or -

spent-recovering ovary; pink = at the beginning of maturation; light violet = in ad
vanced maturation; dark violet = ready to spawn. The males having spermatophores in 

the deferent ampoules were considered also ready to spawn. 
From the point of view of reproduction the composition of the catches (fig. l), as in 
other cases (see Orsi Relini et al. in this volume, page 00) shows that the shrimps 
are in large part spawners. The structure in terms of size-classes is particularly in 
teresting because these shrimps appeared after an absence of five years, a period co;;
sidered longer than the life span of bathyal Pene'ids (Burukovskii 1980; Cau, Deiana -

and Mura 1982; Orsi Relini and Relini l985b). 
In the Ligurian sea. the females of A. antennatus in terms of size/frequency distribu
tion can generally be divided into two main groups separated approximately at the ca
rapace length of 50 mm: those smaller than this size were supposed to belong to the 

group age 0+ - l and those larger mainly to the group age l+ to 2+; a total life span 
of 24-27 months was evaluated (Orsi Relini and Relini l985b, Relini Orsi and Relini 
1979). The shrimps caught at Porto fino ·(fig. l) belong mainly to the second group of 
size; if the above suppositions are correct, they did not grow to their advanced a
ge locally because no presence of shrimps has been registered by trawlers since 1980. 

The hypothesis of a recruitment in very deep waters seems to be refuted since in other 

Aristaeidae the young shrimps live on higher levels than the old specimens (Burukov
skii 1975, Cau, Deiana and Mura 1984). 

The nearest fishing grounds where A. antennatus occurred in the previous year were 
situated on the Western Ligurian Riviera or on the Tyrrhenian coast at Latium: the 
arrival of reproductive shoals in the area of Portofino allows us to assume large 
horizon~al displacements of the spawners. 
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Fig· l - Catch composition in terms of sex ratio, sizes (carapace length) and repro

ductive stages in Ar>isteus antennatus (a = virgin or spent-recovering gona
ds); b = at the beginning of maturation; c = in advanced maturation • d = rea 
dy to spawn) . ' 
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B-IV3 
CRUSTACEAN FISHERY IN GREEK WATERS, 1928-1931 

Konstantinos I. STERGIOU 

National Center for Marine Research, Athens (Greece) 

~ : Une revue des captures dE7 crustace's dans les eaux Grecques 
en 1928~81 est entreprise dans ~e etude. La capture moyenne annuelle a 
augments de 175 tns en 1928-39 a 1260 tns en 196~-81. D' a1lleurs, les 
variations a long terms semble etre liees plut6t aux facteurs naturals 
qu' aux facteur-s anthropogenes. 
~ : The crustacean fishery in Gr-eek waters in 1928-1981 1s 

reviewed, The mean annual cr-ustacean catch rose from 175 tonnes 
(shrimps- 5~.~%) in 1928-39 to 1260 tonnes (shrimps- ~~.~%) in 196~-81 
as the result of the increased effort and efficiency of the fleet. 
Mor-eover-, the variations in the crustacean catches seem to be related 
to natur-al rather- than anthr-opogenic effects. 

INTRODUCTION : Although the potential of crustacean in the 
Mediter-r-anean Sea amounts some 50,000 tns (1), the mean (1975-811 
Mediterranean catch did not exceed 22,000 tns C2). In the present 
wor-k, the cr-ustacean fishery in Gr-eek waters for- 1928-81 is reviewed 

MATERIAL ANQ METHODS : Catches of crustaceans in Greek waters have 
been r-ecorded on a monthly basis through the local custom authorities 
since 1928, with a gap in the record between 19'±0 'and 1963 C3, ~), 

RESULTS AND DISCUSSION : Two thousand tonnes of crustaceans, caught 
in Greek waters, were landed during 1928-1939, CTable 1). The mean 
annual crustacean catch was 175.3 metric tonnes, Shr-imps dominated the 
landings, comprising the 5'±.'±% C9S.'± tns), whereas "other crustacean" 
shared '±5.6% (80.9 tns). The total production of crustacean 1n 196~-81 
amounted '±8,32'± tonnes, 22,682 ('±6.9%) of which were fished in Greek 
waters and 25, 6~2 (53 .1%) in the 
Atlantic ocean and the north 
African coast. The mean annual 
crustacean catch in Greek waters 
was 1,260 tonnes, representing 2.2% 
of the total mean annual fishery 
landings C-58,950 tns, CS)J fished 
in Greek waters and 6% of the mean 
<1975-81) Mediterranean crustacean 
catch C-21,000 tns, C2)J. The 
proportion of shrimps ( '±'±. '±%) was 
lower- than that in 1928-1939. 

Total crustacean catches C in 
Greek waters) exhibited cyclic 
variations, with maxima ·in 1969, 
1973 and 1978 and minima in 1966, 
1971, 1976 and 1980 <Fig.1). The 
landings of shrimps increased from 
a low in 1966 to a maximum in 1969, 
and gradually declined ever since. 
"Other- crustacean" , on the other 
hand, exhibited an opposite tr-end 
than that of shrimps. 

Table 1. Annual catches, in 
tns, of shrimps and "other 
crustacean" in Greek waters, 
and total number of trawlers 

and seiners, 1928-1938. 

Year Shrimps Other 

1928 
1929 
1930 
1931 
1932 
1933 
193'± 
1935 
1936 
1937 
1938 
1939 

'±3.5 
75.2 
87.8 

107.1 
81.2 
88.9 

103.8 
37.8 
86.'± 

1'±3.0 
189.6 
100.8 

2'±.7 
58.'± 
90.9 

120.5 
85.8 
61.~ 

1'±.7 
22.5 
20.1 
20.0 

256.7 
183.3 

Boats 

'i~S 

696 
555 
638 
665 
5'±3 
518 
500 
627 
611 
665 
582 

There is a sevenfold increase in the mean crustacean catch fr-om 
1928-1939 to 196'±-1981, which must be associated with the rise of the 
fishing effor-t Cmean number of boats was 579 in 1928-1939 CTable 1), 

1151 in 196'±-1981 (5)J, the improved efficiency of fishing tools in 
recent years ana changes in the length of the fish1ng season. 

The fluctuation in the catches in 196'±-1981 does not seem to be 
related to a varying fishing effort. Trawlers and boats involved 1n 
the inshore fishery (-seiners and 
"other boats") contributed about '±0% 2.,. 
and 60% of the total crustacean yield (/) 
respectively till 1969 CStergiou, E 
unpublished data). The number of 0 
•other boats" (and corresponding 0 

~~:c~~:~v:;:h =~8en~;~e ;~~~~d;~anfr~~ 2 
1970 and onwards (5). Hence the drop .~ 
in the catches of total crustacean and 
shrimps after 1969 (Fig .1) may be £ 
associated with the concurrent decline (il 
of the recorded boats. "Other- () 
crustacean" catches do not seem to be 
affected by that decline CFig.l). For 
the years following 1969, however, 
catches fluctuate greatly (fig. -1), in 
contrast to the gradual increase of 
the number of trawlers, boats involved 

0~~-,~--~----~ 
1964 1969 1974 

year 
1981 

in the inshore fishery and total Fig.1. Total Cl) and "other" 
horsepower of·the Greek fishing fleet crustacean (3) and shrimo (2) 
(5), Hence it seems that factors other catches 1n · Greek waters, 
than anthropogenic also influence the 196~-1981. 
long term changes in the catches. 

It has been extensively shown that hydrometeorological variations 
greatly affect the abundance and/or distribution of crustaceans, 
namely, that of lobsters Ce.g. in Maine (6), Newfoundland C7, 8) and 
Quebec C9)J, crabs Ce.g. in the Barents Sea C10, 11), Newfoundland C8) 
and S. Catalina Island C12)J and shrimps Ce.g. Bear Island C11)J. 
Unfortunately, there is not any rele0ant information for the 
Meditet'ranean Sea. It was pointed out C15), however, that hydrolog1cal 
variations, among other factors, may be responsible for the extinction 
of the red shrimp fishery in the Ligurian Sea after the 1950's. 

To sum up, crustacean production seems to be affected by both 
natural and anthropogenic changes, so that future research must 
oriented towards monitoring, on an annual basis, the biological (catch 
per fishing effort, extent of spawning and nursery grounds, 
distribution and abundance of larvae etc) and abiotic enviroment 
(nutrients, T, So/co, direction and intensity of currents etc). This 
will ultimately contribute to the assessment of the relative impact of 
natural and anthropogenic changes on marine populations, and, hence, 
to a rational management of fishery resources. 

REFERENCES 
1 FAD, 1981. FAD fish Ser. , 15. 
2 FAD, 1982. Yearbook of fisheries Statistics. FAD, Rome 1882. 
3 Greek Fisheries Statistics, 193~-19~0. Gen. Stat. Ser. , Sect1on l:J. 
'± Natio.nal Statistical Service of Greece, 1968-198~. Section G, 
5 Ster-giou 1. K., in press. Tech Cons. Stock Ass. East. Med .. FRO. 
6 Taylor C. C. ~ ~ fish. Bull. , 57: pp 283-3~5. 
7 Templeman W. and fleming M., 1853. ICNAF Ann Proc; 3: p 78-86. 
8 Ennis G. P., 1983. Can. ~ech. Reo. Fish. Aguat. Sc. , 1138: 1~ pp. 
9 Sutcliffe W. H., 1973. J. Fish. Res. Bd. Can. , 30: pp 8S6-859. 

10 Berg L. S., 1935. Zoooeoqraphica , 3: pp 1-15 
11 Blacker R. W,, 1965. ICNRF Sp. Publ. , 6: pp 781-78~. 
12 Hubbs C. L., 19'±8. J. Mar Res. , 7(3): pp ~59-~82. 
13 Rel1n1 0. L. and G. Rel1n1, 1985. fAD Fish. Reo. , 336:pp 99-106. 

B-IV4 
OBSERVATIONS ON PARAPANDALUS NARVAL (FABRICIUS, 1787) 

<CRUSTACEA, DECAPODA, PANDALIDAE) FRa-1 ~oos IsLAND (GREECE) 

M. THESSALOU-LEGAKI, A. FRANTZIS, K. NASSIOKAS and S. HATZINIKOLAOU 

zoological Laboratory, Department of Biology, 
University of Athens, Panepistimioupolis, Athens {Greece) 

RESUME 

La population de Parapandalus narva1 a mantra une forte zonation verticals 
qui est en correlation avec 1e sex ratio, avec la tai lle des feme11es 
ainsi qu' avec 1a proportion des femelles ovigeres. 

The presence of Parapandalus narval in Eastern Mediterranean has 
been verified during two diving surveys <October 198~. January 1985) 
in submarine caves of Rhodes. This paper deals with preliminary obser
vations ·on the biology of the species in relation to depth <August 
1985), based on mater,ial obtained by baited traps. 

In the catches, two species were found: Parapandelus narva1 and 
Plesionika edwardsii. The percentage of Plesionika edwardsii is increasing 
as depth increases CFig. 1B). This species is not found· in 5 m. and 
only one specimen Cin a total of 259 shrimps) was found in 80 m. 

Table I summarizes our data: the percentage of Plesionika edwardsii 
in the total number of shrimps in the catch, and for f., nerval the propo
tion of females in the population Csex ratio), the mean carapace length 
for males and females and the percentage of the ovigerous females in 
the females are recorded according to depth. 

TABLE I 

pepth P.e. Parapandalus narval 
m. % sex mean CL + SD % ovic. 

ratio males females females 

5 0.0 1.00 - 9.8'±±1.~5 CN-1'f9) 59.73 
80 0.'± 0.75 11.93:!:1.32 CN-6'±) 13.20±1.9'± CN-19'±) 76.80 

1'f0 6.6 0.'±8 12.65±1.25 CN-103) 15.25±2.0'± CN-9'±) 90.'±2 
220 27 .'± 0'.02 11.98±1.~2 CN-'±'±) 

No juveniles of ~ narval were collected. Transitional males were 
not observed. Figure IA shows the change of the sex ratio of ~ narval 
in relation ·to depth. There is a clear dependence of sex ratio on depth 
cx•-172.98 P<<0.001 for the propotions of males and females). All propo
tions of females in the total population of each depth have a statistical
ly high difference from each other CP<O.OOD. In 5 m. depth there are 
only females while the figure is totally reversed in the 220 meters with 
only one female. 

For the females the non parametric ANOUA CKruskal-Wallis test 
by ranks of CL values) showed a very high significance difference 
CP<O. 001) of mean CL relation to depth. By Student-Newman-Keuls test 
for multiple comparisons all means proved to differ from each other 
CP<0.001). The same tests for the males showed that there is a diffe
rence of mean CL with lower significance CO.OOl<P<0.005) which is 
due to the sample of 1~0 m. that has greater mean CL Cat 0.05 level) 
from these of 80 and 220 m. which have equal mean CL. 

The difference of f'emale size acoording to depth is reflected 
on the percentage of the ovigerous females which increases according 
to depth almost linearly CFig. !C). The propotion of ovigerous females 
is depended on depth Cx' -29.67,P<0.001) all propotions basing different 
from each other CP<0.001). The smallest ovigerous female observed 
has a CL-7. 85 mm. The overall ovigerous females are 7'±. '±% of the total 
females 

100% 100% 
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200 m 50 

B c 
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fig. I. Change according to depth: A. Sex ratio <Females to all indi
viduals) of P. narval, B. Percentage of Plesionika edwerdsii in the 
catch Cblack -;-plBSiQi1ika edwardsi i, white: Parapandalus narval) and 
C. Percentage of ovigerous females of f., narval. 

The differences in the size of females and in the sex ratio of 
P. narval in relation to depth are so intense that we could speak of a: zonation of the population. Such a phenomenon occurs in other panda
lids as Pandalus montagui CAllen 1963a, 1966), Heterocarpus ensifer CKing 
1980, 1981) and Heterocarpus sibogae CKing 198~). 

As far as we know, very little is known about the life history of 
P. narval. Crosnier and Forest C1973) report that the juveniles are 
caught by pelagic nets while the adults are benthic. Our data -although 
preliminary and restricted only to the reproductive period- do not 
come in contrast with the idea that P. narval could have a similar 
life history pattern to that of other:-Pandalids Cprotandrous hermaphro
dites with seasonal migrations). If this suggestion is true, then 
the females of the 5 m. depth could be primary females and the males 
have not yet become transitional. Certainly we consider all samples 
as components of the same population and a further research must be 
undertaken over the whole range of depth distribution for a sufficient 
period of time. 
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B-IVs 
NOTE ON THE AUTECOLOGY OF THE HERMIT CRAB PAGUR!STES OCULATUS 

Zdravko STEVCIC 

Center for Marine Research, Rudjer Boskovic Institute, Rovinj {Yugoslavia) 

RESUME 

Quelques donnees sur 1 'autoecologie du Pagure ermite Paguristes oculatus observe 
dans la baie de Salina, a l'embouchure du canal Limski, pres de Rovinj, sur une 
prairie d Zostera marina entre un et quatre metres de profondeur sont fournies. 

The hermit crab Paguristes oculatus (Fabricius, 1775) (Crustacea Decapoda, Diogeni

dae) is one of the most common hermit crabs in the Adriatic Sea, but nevertheless, 
its ecology is very poorly known. Since it was regularly sampled during the investi 
gat ions of the decapod fauna of the Saline Bay, the material peirni ts a review of its 
ecology. 
Locality and collecting: The hermit crab was investigated in the Saline Bay (mouth 
of Limski kanal} near Rovinj, northern Adriatic Sea). The field collections were rna 

de about every month from October 1981 to November 1982. It was sampled by "musulat" 
(a local type of dredge, similar to a beam trawl). The results of sampling are pre

sen ted in the following table. 

Sex Gastropod Shells 

Date Male Female (Ovig.) Total Gourmya Others 

[3.10.1981 3 (0) 

21.11.1981 4 (0) 11 
04.01.1982 11 13 (0) 24 24 

10.02.1982 6 (2) 14 l3 
17.03.1982 7 (0) 16 15 
20.04.1982 20 13 (3) 33 33 
18.05.1982 14 18 (9) 32 32 

18.06.1982 15 14 (11) 29 24 

zo·.o7 .1982 13 10 (8) 23 22 

17.08.1982 8 8 (6) 16 15 

16.09.1982 18 1.5 (0) 33 32 

13.10.1982 4 (0) 4 
19.11.1982 4 (0) 

Total 126 119 245 231 14 

Habitat. Pagupistes oculatus was sampled in the Zostera marina meadow in shallow wa

ter, between l and 4 meters in depth. The flora and fauna of the Salina Bay were ve
ry rich and abundant as usual in such a sea grass community. In samples examined in 
1985 and 1986 it has become clear that Zostera was declining in abundance in the Bay. 

Population structure. The hermit crab was captured throughout the sampling period.The 

sex ratio males/females was 1.05. All observed specimens had the left cheliped as the 
major one. This species, as shown by the above table, usually inhabits the shells of 
Gourmya vuZgata (~ Cerithiwn vulgat;wn). Other snail specier were: Mw:>ex branda:ris (9 

times), Mw:>ex.sp. ll), l'runculariopsis trunculus (1), Hinia sp. (1), F'usinus sp. (1) 

and Ceratosoma erinacewn (1) . 

Reproductive period. Ovigerous females were observed from February to August. The 
eggs are at the outset orange, later red and at the end they exhibit dark spots (~ 

eyes). The first hatching period is in June and females have at least two broods per 
year, perhaps three. 

Nutrition. The stomach contents were examined in the laboratory. Empty stomachs pre
dominated (127 from 245) and completely full stomachs or even more than 80% of full

ness were not recorded. Concerning the composition of the stomach contents, the most 
frequent were sand particles (89 times), thereafter fine organic particles, probably 
detritus (68), indicating that they are the substrate for the crabs' food. Small or
ganic particles, more or less compact, but of unknown origin were founf 46 times,the 

reafter various algae (24), unidentified higher vascular plants (15), decapod Natan:: 
tia and Polychaetes (2), whereas snail, bivalve and foraminifer occurred only once. 

Consequently the diet consists of very limited food items. 
Symbionts. The snail shells were usually without macroscopic epibionts. Only three 

times Call.ictis parasitiaa was observed, and sometimes the green alga Dasycladus cla 
vaeformis, thereafter AnomiaFphippiwn (7 time.s), and Salmacina sp. (1). On the bod; 
of the crabs PeltogasteT sp~ was observed and in the body parasitic Nematodes (1). 

Discussion. Paguristes oculatus is very common throughout the Rovinj area, but usual 
ly in deeper water and inhabiting shells of various Muricidae. In Saline Bay it oc-
curs in very shallow water and predominantly in Gourmya shells. As mentioned by Sta
chowitsch (1980), this species may inhabit shells of 3-4 snail species before reach

ing maximal size, but as shown here, it can reach sexual maturity in shells of Gour
mya, although its later destiny is not known. 
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B-IV6 
RELATION TAILLE-PO!DS EN RELATION AVEC LES ETATS DE MJE ET SEXUELS 

CHEZ LE BRACHYOURE LIOCARC!NUS DEPURATOR 

Pere ABELLO 

Institute de Ciencias del Mar, Passeig Nacional s/n, Barcelona (Espana) 

ABSTRACT 
Length-weight relationships for male and female liocarcinus ~. a 

brachyuran crab, according to maul t stage and gonadic development are presented 
in this paper. Significant differences between intermoult and postmoult 
individuals and among the different stages of ovarian development in feilflles 
are found. 

Le but de ce papier est de presenter les relations taille-poids du 
brachyoure l iocarcinus ~ <L. l par sexe, etat de mue et etat sexuel. 
Olmi & Bishop <1983) et Cadman & Weinstein (1985) font une '!Pproche similaire a 
ce theme, chez le brachyoure Cal 1 inectes ~· 

Les populations de L..... ~ du plateau continental proche de Barcelona 
<NV de la M:editerranee) ant ete echantillonnees. Le sexe, la longueur de la 
carapace, en nun <avec une precision de 0. 1 nun), le poids frais <avec une 
precision de 0.1 gl, 1' etat de mue et 1' etat sexuel ant ete notes. On a calcule 
la relation taille-poids, en accord avec le modele potentiel < y = a xb ) , 
separement par sexe et etat de mue et, chez les femelles en intermue, selon 
1' etat sexuel. 

Les etats de mue pris en consideration sont: post-ecdyse <etat 3l, post
ecdyse avancee <etat 4l, intermue <etat 5l et pre-ecdyse <etat 6). Les etats 
sexuels pris en consideration chez les femelles sent: immatures <etat 1 l, debut 
de maturation <l?tat 2l, mf.tres <etats 3 et 4> et ovigeres. Chez les males on n' a 
pas pris en consideration l' etat sexuel, etant donne que leur cycle sexuel 
n' implique pratiquement pas de changement de poids. 

On presente au tableau 1 les valeurs des parametres des equations 
potentielles obtenues. 

Tableau 1 

Equation var b 
---------------------- -------------- --------------
1 Males mue 3 0,3616 . 10-3 3,0994 0,1409 . 1o-• 45 0,9699 

2 Males mue 4 0,5481 10-3 3,0095 0,4943 . 10-2 71 0,9817 

3 Males mue 5 0,6050 . 10-3 2,9956 0,4103 . 1o-3 684 0,9848 

4 Femelles mue 3 0,3666 . J0-2 2,3866 0,5518 . Jo-• 52 0,8208 

5 Femelles mue 4 0,1090 . 10-2 2 '7749 0,7061 Jo-2 86 0,9636 

6 Femelles inactives 0,4452 . 10-3 3,0723 0,1170 . 10-2 321 0,9808 

7 Femelles mOres 0,6709 . 1o-3 2,9592 0,1113 . Jo-• 250 0 '9846 
8 Femelles ovigeres 0,6335 . 1o-3 3,0107 0,2076 . 1o-2 295 0,9680 

On a compare a 1' aide de tests t les differentes equations obtenues pour 
mettre en evidence 1' existence de differences significati ves entre les 
differentes equations. Chez les males <fig. ll, on detecte des differences 
significatives entre les etats de post-ecdyse et d' intermue. Chez les femelles 
(figs. 2 et 3), toutes les relations calculees en prenant en consideration les 
etats de mue et sexuels sont significativement differentes, hormis les deux 
etats de post-ecdyse et des femelles milres et ovigeres. 

Toutes les differences observees ant un sens physiologique, etant donne 
que les processus du cycle de mue generent des differences dans le poids de 
1' animal. Aussi, chez les femelles, les processus de maturation ovarienne 
generent une augmentation sensible dans le poids des animaux. 
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B-IV7 
(RUSTACES DECAPODES CAPTURES DANS LA BAlE DES flil=ACS (DELTA DE L'EI3RE) 

(NE. DE LA PENINSULE IBERIQUE) 

Xavier FUSTE 

Institute de Ciencias del Mar, Paseo National s/n, Barcelona (Espana) 

ABSTRACT.- This paper preser.ts o check-list and temporal distribution of the 
Decapod Crustaceans collected in the Alfocs boy, located at the delta of the 
Ebre river (NE of Spain). Some biological aspects about the crab Corcinus 
oest1.1orii ore also presented. 
---- ................................. *****'*** 
Nous pnisentons un recensement general des especes de Crl.!stoces Decopodes 
captures dons lo boie des Alfocs (Delta de l'Ebre), occompognee d'un comen
toire sur quelques corocteristiques de l'espece Corcinus oestuorii. 

Nous ovons analyse 21 echontillons provenont de 14 pikhes au tremoil et de 
7 pikhes au "roteou"( technique locale des pecheurs de cette zone), reolisees 
o des profondeurs de 4 a 5 m. et de 1 a 2 m. L' echontillonnoge o ete effectue 
entre fevrier 1984 et decembre 1.985). 
33 especes ont ete identifiees (Tableau I), que l'on o clossees selon ZARI

QUIEY ~ 1968). Parmi les Noto.ntio, Poloemon gorciecidi est capture presque 
toute 1. en nee; c. est l' espece lo piliSCiiiOndente. Parmi les Anomure I on peut 
signaler un nombre important d'individus de l'espece Cu"""nus collidus. Les 
Brochiuro sent lergement dominants sur l' ensemble de IO"PopUionon:-T' espece 
lo plus obondonte est Corcinus oestuotii. 
Pendant les mois de janvier, fevrier, avril et moi, nous evans peche, dons 

lo boie 9 femelles ovigeres de cette espece. Le nombre d'oeufs(por femelle) 
est de 50.000 a 150.000; bien que ces donnees scient restreintes, il semble 
se dessiner une correlation nette entre le teille des femelles et le nombre 
d'oeufs. 

En ce qui concerne les populations lorvoires de ·cette espece, nous evons 
observe qu 'elles sont tres abondontes dons le ploncton de cette baie en fe
vrier et en mars, et nous ovens capture quelques individus en moi ( fig.1). 
Toutes ces observations mettent en To~ 

evidence 1' existence d. une ponte - '-' 
importonte o lo fin de L'hiver, et 2:> 
d'une outre, plus reduite, en moi. 
On remorque une forte influence de 
lo temperature : VEILLET( 1945) ovont2Q 
observe que lo vitellogenese de Car-
cinus moenos se produit o des te~
rotureSbciSSes, et que lo ponte est 
reali see qucnd l0 temperctue OUgmente 1 

de meme, dons le cos de Corcinus oes
tuorii, l'epoque de reproduct~on
commence, dons la boie des Alfocs, 10 
opres les temperatures minimoles 
onnuelles ( fig.1 ). On trouve le plus 
grand nombre de lorves entre 10° et 
13° c. 
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TABLEAU I. Liste des especes copturees avec leur distribution mensuelle + 
La presence des femelles ovigeres est signclee par * 

Sicyonio corinoto 

Penoeus kerothurus 

Processo edulis edulis 

Poloemon serratus 

Palaernon gorciocidi 

C rangon c rangon 

Scyllarus orctus 

Upogebio pusilla (?) 

Paguristes oculotus 

Dordanus collidus 

Dordonus arrosor 

Pogurus sp. 

Pagurus cuonensi s 

Pisidia sp. 

Medarippe lonato 

Caloppo gronulata 

Ilia nucleus 

Atelecyclus rotundotus 

Atelecyclus undecimden-

M Mo 

.. + 

.... ... . 

.... +* 

+ 

+ 

A 0 N J F 

+it+*+ +* +* 

+ +* 

+ 

+*+* + 

+ 

M A ~lu Ju A 0 N D 

+* + • 

.. + + + 

+* +* +* +* + + + 

+* +* +* + 

+ + + 

+ 

+ 

totus 
Corcinus oestuorii 1-• + +* + + + +* + + +* +* + + + + + 

Liocorcinus vernalis + + + + + 

Liocorcinu5 p.vber +* 

Liocorcinus on.:uatus +* +* 

Liocorcinus morrr:oreus 

Xor.tho sp. 

Pilvmnu~ villus!:>.:!::imus + -r* 

(Hln(·f,lax rh,_·rnbviJI;.:'~ 

Brothynctus St::Adcntaiu5 

Parthenopo rr:cs~ena 

Maio verr~...rcuso 

·rr.achu> pholar.gium 

Mo.:.ropodio ru:::t rota 

Macropodia linoresi 

+ +. 
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B-V1 
ACCLMULATION OF FOULING ON ARTIFICIAL AND NATURAL SUBSTRATA 

IN THE NoRTHERN ADRIATIC 
Ljubimka IGIC 

Center for Marine Research, Rudjer Boskovic Institute, Rovinj (Yugoslavia) 

RESUME' -
Quelques donneeS sur 1 'accumulation des salissures sur les substrats artificiels et 
naturels {Ostrea edulis et Mytilus galloprovincialis) de 1 'Adriatique du Nord sont 
fournies par ce travail. 

The substratum with environmental characteristis and weather (seasonal influence) is 

of predominant importance for fouling accumulation. 

Artificial substratum (collectors for settlement and growth of oysters) compared wi

th natural sc;bstratum (oyster shells) has no significant differences in maximal bio

mass values (Table l). One of the reason for such, more intensive fouling, on that 

substratum is a ~ substratum (oyster shells and collector plates - devided into 
little squares, 3x3 mm), which is prefered by most of the foulers, compared to a smo 

oth. substratum (mussel shells and glass plates). Besides, an abundant settlement of

the oyster Ostrea eduUs and ascidians (oyster shells) has influence on a greater bio 

mass of the above mentioned substrata. The mussel as an universal fouler that has a -

significant influence on biomass of all kinds of substrata and fouls the substratum 
(posts) up to 900 t (up to 100 kg/mZ) yearly (Ravenna) (Relini, 1977), was only perio 

dically more abundant on oyster shells and sometimes on wooden ships (especially on -

keel and stem post - to 14 kg/m2) (Igic, 1981). 

The average biomass values on oysters, collectors (Table 1) and polypropilene perfo

rated test substratun• (cover of experimental cages for shellfish farming - 7723 g/m2 , 

for 6 months) (Igic, 1983) were of medium intensity, while on other· tested substra

ta they had a weaker intensity. But, maximal biomass values on ships were similar to 

the fouling weight on ships in the Caspian Sea (Zevina, 1957), while on collectors 

and oyster the biomass nearly corresponds to fouling weight on artificial test-plates 

near Venice (Relini et al., 1972). 

The environmental influJ"nce of fouling is evident. So, in relatively polluted city

ports, the protective coati' for ships rapidly weakens in 2-3 months, comparing with 

cleaner areas, and in connection to that, the process of fouling on floating objects, 

anchored in ports, is quicker and more intensive (Igic, 1982). 

A greater fouling accumulation could be expected at the eastern Adriatic coast in mo

re polluted environments (urban and ind4strial pollution of organic origin), usually 

for a period longer than a year. Otherwise, as experience shows, fouling on wooden 

fishing ships, that are sailing not longer than a year, remarkably does not reduce 

the speed. 

It is supposed, as well, that even if fouling on oyster shells (after 2-3 years) is 

heavier for about 2.5 times than shell itself, it has no noxious influence on the host 

in situ. That shows reduced relative weight of fouling (expressed as a percentage of 

relative to total weight of fouling that determines the total biomass of fouling on 

the host in situ) that for a total weight of fouling on oysters of 24.5 kg/m2 is only 

35.61% (Igic, 1981). 

TABLE l - Biomasse on artificial and natural substratum- one year exposition in shell

fish parks (+) and in less polluted ports (-). 

Extreme and average values of 

wet weight (kg/m2) minimal maximal average 

Glass plates - 2.13 3.55 2.65 

Wooden boats- 3.01 11.35 5.14 

Wooden fishing ships - 6.21 27.52 10.96 

Plastic collectors+ 2.81 53.04 20.06 

MytiZus gaUoprovinciaUs+ 0.02 16 .ll 3.02 

Ostrea edulis+ 2. 73 54.01 15.68 
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AN OUTLINE OF THE POLYCHAETE COLONIZATION 
ON A SMALL ARTIFICIAL REEF OFF THE N/W COAST OF SICILY 

Fabio BADALAMENTI and Silvana RIGGIO 

Laboratorio di Ecologia, 

Isti tuto di Zoologia dell' Uni versi ta, Palermo ( Italia) 

RESUME' Colonisation a Polychetes d'un recif artificiel 
large de la cote sicilienne de N/Ouest • Un peuplement de 

96 taxa a ete etabli au cours de 3 ans de colonisation d'une 
pyramide de blocs de beton a -18m, avec une augmentation 
constante du nombre des especes. Une succession vers une 
communaute stable et une differentiation du peuplement par 
groupes trophiques ont etees decrites. 
INTRODUCTION. Examination of the biotic colonization 
occurring a small artificial reef provided a scheme of 
the potential settlements of the benthic communities in 
response to the abiotic factors prevailing in the rocky 
bottoms of the Southern Tyrrhenian. Our data refer to a 
survey carried out from 1981 to 1983 on 40 benthic samples 
400sqcm in area collected from the centres of the four free 
walls of some of the cubic concrete boulders making up a 
truncated pyramid (BADALAMENTI et al. 1985; RIGGIO et al., 
1985). The who1e faunistic and algal settlements were 
studied for each sample. The Polychaete Annelida were the 
most numerous invertebrate component which also exhibited 
the highest constancy throughout the development of the 
communities. 
PROCEDURES. Analysis was carried out a) on the whole 
Polychaete colonization, which included comparison of 
different numbers of samples collected during the three 
years; b) on the populations from equal numbers of samples 
for each phase of settlement; c) on samples from the same 
boulder, collected four times during the three year interval 
of our survey. Polychaete species were arranged in frequency 
classes from 1 to 4. Separate analyses were made in 
coincidence with 4 settlement phases starting with the 
laying of the reef, in October 1981. These were: (1) 6 
months;(2) 12 months;(3) 18 months and (4) 36 months. 
Comparison made of the results obtained for each time 
interval. 
RESULTS. Examination of the whole Polychaete population in 
the reef according to procedure (a) was carried out on 40 
samples partitioned as follows: 8 in the time intervals (1) 
and (4);12 in (2) and (3). Ninetysix specie-s were 
identified, 16 of which were found in time interval (1);34 
were found in (2);46 in (3);66 in (4). In interval (1) the 
arrangement by classes of frequency showed the absence of 
class 4. Class 3 was represented by merely four species,i.e. 
Platynereis dumerili Pomatoceros triqueter 
Spirobranchus polytrema , Josephella marenzelleri 
Lysidice ninetta and Pileolaria militaris made up 
class 2; 1ospe;ies ranged in class 1. Class 4 was present 
in time interval (2) with .!:.!_ trigueter and !_ 
marenzelleri whereas ~ • polytrema ranged in class 3. 
E vittata and ! . militaris were listed under class 
~; 29 taxa belonged to class 1. Interval (3) showed P • 
trigueter and ~ • polytrema in class 4; ~ • hyalina , 
! dumerili , E ~ and J • marenzelleri in 
class 3;Phyllodocidae, Syllidae, Eunicidae and some common 
Sedentaria in class 2;32 species ranged in class 1. Two 
Syllids, ~ vittata the Ophelid Polyophthalmus 
pictus and Amp~ mediterranea entered class 4 of 
(4). Three Syllids, 2 Nereids and ~ • polytrema were 
listed in class 3, whereas class 2 included 14 taxa, mostly 
Eusyllinae and Eunicidae s.l., followed by Terebellids. 
Quite similar results were obtained when equal numbers of 
samples were taken into account according to procedure (b), 
i.e. 8 per each time interval. 
Examination of the same boulder, according to procedure (c) 
showed in the time intervals (1) and (2) a well defined 
dominance of the Serpulids, which ranged in classes 3 and 4. 
Interval 3 was charactertized by the presence of P • 
dumerili , ! . trigueter and !_ • marenzelleri in class 
~the new appearance in class 3 of S • var~egata , 
Autolithus prolifer Nematonereis -unicorn~s and 
Dodecaceria concharum , together with the species already 
listed by the other procedures~ No sensible differences were 
evident in time interval 4 in respect to what already 
observed using procedures (a) and (b). 
DISCUSSION AND CONCLUSIONS. The colonization of our reef 
follows a pattern which is fairly homogeneous and in 
agreement with our knowledge about the ecology of the 
Polychaeta and the community succession natural hard 
substrata. The Serpulids are pioneer forms which by far 
prevail during the first 24 months of settlement. Their role 
then greatly diminishes and is quite irrelevant about 3 
years after the start of the settlement, when colonization 
by Syllids, Eunicids and some Sedentaria with definitely 
different feeding habits takes place. An increase of 
carnivorous species as well as of filter feeders occurs from 
24 months onward. Deposit feeders are more numerous on the 
upper horizontal faces, whereas the Serpulids persist longer 
in the inner faces associated to encrusting colonial forms. 
Such phenomena depend on the abiotic factors prevailing on 
each cube wall, but they are also related to physical 
changes occurring on the substrata, and to the intense algal 
growth starting after the first year. A synchrony is indeed 
evident between the invasion of the Eusyllinae and the 
settlement by large sized brown algae such as Cystoseira 
spp. Ubiquitous species are also dominant at the early 
phases of colonization, whereas a recruitment from the brown 
algal belt and the Posidonia beds is evident at a more 
advanced stage. Such behavior fairly distinguishes the 
pyramid under examination from other reefs at higher 
latitudes and highlights the role played in the colonization 
processes by the communities on nearby substrata.· 
BADALAMENTI F. & al., 1985- An eighteen month survey of the 
artificial reef of Terrasini (N/W Sicily): the algal 
settlements. Oebalia , XI N.S.:417- 425. 
RIGGIO S. & ~1985 An eighteen month survey of the 
artificial reef of Terrasini (N/W Sicily): the 
Invertebrates. Ibid. : 427 - 437. 
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DONNEES PRELIMINAIRES SUR LA STRUCTURE ET LE ROLE D'UNE CCM>lUNAUTE EPIBIONTE 

FORMEE SUR SUBSTRAT ARTIFICIEL 

Marian-Traian GOMOIU 

rnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

ABSTRACT - A community settled on concrete substrate immersed in the Roumenian Black 

Sea is, described in relation to artificial reef problems. 

Nos rechercheS ant€.rieures ~ effectu€es sur les stabi lopodes qui protegent les digues 
au large du port constantza,. ant preuve qu 'en moins d' une annee sur le substrats ar
tificiels apparaissent des communaut€.s €.pibiontes extr€:mement riches (Gomoiu, 1983). 
En reprenant 1 'etude de 1 '€.pibiose du substrat repr€sente par les structures en b€ton 
similaires a celles preconis€.es pour etre immergees en mer Noire, en tant que barrie
res de recifs artificiels, en 1985 nous avons analyse 1a composition d'une conrrnunaut€ 
d'organismes formee 5 ans apr€:s la construction d'une partie de la digue au large du 
port de Constantza. Par la p1ongee sous-marine on a fait des observations et on a re
cueilli des €.chantil1ons quantitatifs a divers niveaux, sur la surface verticale de la 
paroi de la digue formee par des stabilopodes. Les resultats obtenus pennettent une ~ 
valuation de la structure qualitative et quantitative de 1 'epibiose (Tableau l), du 
rOle ecologique et de 1 'efficaci te du systEhne epibionte. 
Aux 13 ni veau% €.tudi€.s on a rencontre 28 types d 'organismes. Parmi les formes sessi
les on mentionne: MytiZus gaUoprovinciaZis Lam. (frequence 100% - les peuplements 
tr€:s bien repr€.sent€:s tant par les adultes que par de nombreux jeunes), Balanus imprq_ 
visus Darwin (92%) et Hydroida (77%) - distribuees presque sur toute 1 I etendue de la 
paroi artificielle; MytiZaster Zineatus Gmelin (15%) apparait, tout comme les algues 
rouges (Ceramiwn) seulement dans les horizons superficiels, e t Bryozoa {38%) dans les 
horizons interm€.diaires. Il est possible que ces formes "rares" soient trouvi§.es a tous 
le.s niveaux, mai sur des surfaces protegees de 1 'action directe des vagues ou d'une 

forte sedimentation' surfaces inclin€es au-dessous des surplombs' etc. 
Les formes vagi les sont pr€sentes 8. taus les niveaux. Parmi les mollusques apparais
sent Scapharca ina~aquivaZvis (Brug.) (77%) et Hydrobia ventrosa (Mont.) (69%), a co
te de Mya arenaria L. (31%), Cardiwn eduZe Zamarcki Reeve (23%), CorbuZa mediterranea 
Costa (15%) - toutes etant des formes typiquement psammobiontes (mais la plupart des 
individus de ces esp€:ces sont des jeunes qui, probablement, ne pourront pas atteindre 
la maturit€ dans ce systeme epibionte). Le groupe des vers est bien represent€ par 
Polychaeta (100% - mais il n 'y a eu aucune espece incrustante) et Leptoplana tremeZ
Zaris (O.F.M.) (77%); Oligochaeta (38%) et Nemertini (15%) apparaissaient plus rare
ment. Parmi les crustacea, les plus nombreaux sont: Amphipoda (100% - ou predomine 
Corophiwn) et Copepoda (92%); dans 1 'ordre de leur frequence, on cite encore Tanais 
cavolinii M.-Edw. (85%) ,Athanas nitescens (Leach.) (54%) ,I do tea baUica (Pallas) et 
Eriphia verrucosa (Forsk.) (39%), Sphaeroma serratwn Fabr. (31%) et en fin PaZaemon 
eZegans Rathke et Pisidia Zongicornis (L.) (15%). 
Du point de vue quantitatif, la communaut€: €:pibionte situ€e sur les parois verticales 
de la digue a, en moyenne, 90572 exfm2 et 27,08 kg/m2. Les formes sessiles dominent 
dti point de vue numerique (64%) ainsi que ponderale (plus de 99%), les moyennes par 
metre carre etant: 7776 ex et 26,08 kg - MytiZus, 30644 ex et 0,26 kg - veliconques 
de moules, 16835 ex et 0,44 kg- BaZanus et 2657 ex et 2,34 g - Hydroida. Dans les 
deux horizons oil 1 'on rencontre MytiZaster, son abondance moyenne etait de 15532 ex/m2 
- 2,05 kg/m2, et Ceramiwn 0,36 kg/m2. 
Les formes vagi1es dont la fr€:quence d€paissait SO% ont eu les densit€:s et biomasses 
moyennes par m2 suivantes: Scapharca 173 ex - 2,08 g; Hydrobia 109 ex - 0,27 g; Amphi:_ 
poda 20413 ex - 31,42; Tan.ais 1401 ex - 0,56 g;Athanas 226 ex - 58,98 g. Les quan
tit€s des organismes du syst€:me €pibionte ant une assez grande variation verticale 
(Tableau 1; abbreviations: Pm-profondeur en metres; Ss-fonnes sessiles; My-MytiZus; 
Mol-Mollusques; Ver-Vers; Crs-Crustaces; Q m3/jour-eau filtree par les populations 
de MytiZus, MytiZaster et BaZanus sur l'etendue S m2 correspondant a l'echantillon 
de reference). Sur 1a paroi de la digue, les organismes les plus nombreaux se trou
vent a 1,5- 3,5 m (Tableau 1). 

Densit~s (D) Biomasses (B) 
Q Sm 2 

Pm ex;m2 Ss My Mol Ver Crs Total Ss My 
(m) x1o3 :0 :0 ~ ~ ~ Kglm2 % % m

3 
ijour 

0 106 32 11,4 32,5 1,6 65,9 14,3 99,6 79,1 34,7 0,25 

0,5 66 52 19,8 52,8 2,2 44,9 13,0 97,4 8T,4 102,7 0, 75 

1 ,5 253 72 1, 5 55 I 5 7,0 35,7 33,5 99,4 92,5 1 ~7' 1 1,00 

2, 5 177 63 12,2 45,4 4,6 49,4 33,9 99,5 94,2 159,5 1,00 

3,5 180 55 4,8 38,6 4,4 55,9 43,9 99,6 94,8 117' 5 1,00 

4, 5 36 51 _1 8,1 31,0 3,9 65,1 24,6 99,8 98,1 107,4 1 ,oo 

5, 5 91 44 9,2 20,8 10,0 68,5 37,2 99,6 97,4 148,4 1,00 

6,5 56 61 13,1 39,3 17,7 47,5 40,3 99,4 98,3 343,4 1 '50 
8,5 98 f>2 4,3 39,0 12,2 44,3 28,1 99,5 96,-7 211,8 2,00 

10,5 43 54 14,9 21 '1 24,6 53,6 15,8 99,9 97' 7 169,0 2,00 

12,5 49 42 7,9 30,0 19,3 33,7 21,9 99,1 98,3 144,8 1,50 

13,5 52 70 8,0 49,5 10,1 35,3 24,5 98,8 98,3 111,2 1,00 

14,5 54 60 5,3 17,4 16,7 52,2 14,3 99,6 97,5 69,3 1 ,oo 

EvideiiiiiEnt, les grandes quantit€:s d 'organismes enregistr€es sur le substrat artificiel 
repr€sentent une excellent base trophique pour une s€rie de poissons, surtout Gobi ides 
(exemplaires de Gobius meZanostomus Pall. "paissaient" la couche d'epibiose de presque 
to us 1e s niveaux) . 

Un autre aspect concernant les peuplements €pibiontes calcaires vise la quantite de co 
quilles calcaires que ceux-ci liberent chaque annee, contribuant ainsi a la formation
du sable. On peut estimer une production de moules sur substrat artificial de 66 kg/ 
m2/ann€.e; de cette quantit€:, presque 22 kg sent de coquilles qui entrent dans les pro
cessus de s€:dimentogenese. Mais, en dehors de 1' importance dE!j a envisagee, le systeme 
epibionte joue un autre rOl.e majeur dans 1 'ecasysteme, grace a ses organismes filtra
teurs. Selon la structure par classes de longueur des populations de moules de chaque 
niveau etudie, et la capacite de filtrage de celles-ci (Mironov 1984), nous avons cal
cule la puissance du biofi ltre represent€ par Mytilus pour toute la paroi verticale, 
sur une bande large de 1m, c'est-a-dire 1732,7 m3 eau filtree/15 m2/jour. Conjointe
ment avec Mytilaster et BaZanus, la puissance du biofiHre augmente encore avec 174m3 
eau filtree/15 m2/jour; cela signifie que la "biopompe" sur 1m2 de la paroi vertica
le de la digue fi ltre en moyenne 127 m3 d 'eau/ jour. Certes, ces evaluations sont orien 
tatives, mais elles nous fornissent d•importants renseignements sur la haute capacite
de biopompe des organismes sessiles situ€s sur les substrats artifi.ciels en beton. 
Les donnees presentees ci-dessus mettent en relief quelques aspects sur la producti
vit€: et le rOle €cologique complexe du systeme €pibionte forme sur les surfaces en be 
ton des constructions hydro techniques de la mer Noire, en no us persuadant d' une reus: 
site to tale dans les tentati ves d 'amelioration de la quali te des ecosyst€mes marins 
cOtiers par 1 'implantation de barrieres de recifs artificiels. 

GOMOIU M.T. ,1983- Journee Etud. Recifs artif. et Maricult.susp.Cannes, CIESM:llJ-119. 
MIRONOV N .G., 1984 - Trudy Sevastopol. Biol. St., 6: 338-352. 
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Marian-Traian GOMOIU 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

ABSTRACT - The total stock of zoobenthos in the Roumenian shelf of the Black Sea is 
estimated to be about 8.8 million tons with a possible production of 19.5 million 

tons. 

Les rechercheS entreprises en 1983 sur l 1 €tat qualitatif et quantitatif du zoobenthos 

du plateau continental roumain (Gomoiu 1985) ont prouve que les populations benthiqUes 
sent en decline par rapport a leur situation pendant les d€cennies pr€c€.dentes. Tenant 
compte du fait que le benthos repr€sente le "barotnetre" des pressions €cologiques et 

des d€r€glements des e-cosystemes aquatiques, la connaissance de son €tat quali tatif 
et quantitatif s 'impose de telle mani€:re que nous avons continue en 1984 les recher
ches sur le plateau continental roumain .. 
Les verifications de 1984 ont compris les zones jusqu'a l'isobathe de 90 m; les prin
cipaux resultats obtenus, concernant les densite (D) et les biomasses (B) du macrozo£._ 
benthos, leur production to tale (Pt) et utile (Pu), les dominantes (%) numeriques (n) 
et ponderales (p) des principaux groupes et especes, ainsi que la substance organi
que des sediments (So%), ont ete calcules en valeurs moyennes (Tableau 1). 

~ 

El~mentsjZones: 0-10m 10-20m 20-30m 30-40m 40-50m 50-60m 60-90m 0-90m 

D-ex;m2 6780 8670 1450 4090 1710 1440 370 
B-g;m2 147,3 153,2 239•6 242,8 61,8 59,8 62,8 
Pt Tx103 210,1 354,4 812,6 2510,0 1494,9 973,0 1297,0 

±Tx103 35,2 67,1 134,0 123,4 30,2 92,1 184,9 
Pu Tx103 86,4 118,9 336,4 1982,4 1211,5 598,6 545,1 

±Tx103 10,5 20,1 40,2 37,0 9,0 27,6 55,5 
Pt/B 1984 2,8 2,6 2,8 4,6 5,7 3,7 3,1 
P~&jB1984 1,2 0,9 1,2 3,6 4,6 2,3 1,3 

Rapport entre les principales dominantes (%) num~riques (n) et pond~rales (p) 

Vermes n/p 37/1 62/1 89/7 94/54 63/65 52/26 19/6 
Mollusca n/p 62/95 37/98 8/92 1/95 1/23 32/70 43/88 
Crustacea n/p 0/4 0/0 1 ;o 3/0 25/1 10/1 19 ;o 
Varia n/p 1/0 2/0 11/11 6/3 19/5 

Polychaeta varia 34/1 48/1 80/6 1 3/12 38/50 17/7 11/6 
Melinna 8/1 80/42 18/15 25/18 
Corbula 43/60 12/5 
Mn 18/24 22/55 1/14 0/12 
Mytilus 0/5 3/74 0/23 
Cardium 4/11 2/30 3/4 0/5 

0/3 
0/20 11/13 

Modi;;lu;; - 21 /57 43/88 
Ampelisca 0/0 0/0 o;o 2/0 2/0 11 /0 
Pbtysica 1/0 9/0 3/0 3/0 
Molgula 1/10 5/3 
Amphyura 0/0 1 /0 4/2 14/2 

1892 
98,7 

7652,0 
666,9 

4879,3 
200,0 

3,8 
2,4 

Pour toute la zone sedimentaire €tudiee, le macrozoobenthos a eu une moyenne de la den 
site d 'environ 1900 exfm2, et de la biomasse de 99 gfm2, ce qui represente approltima-
tivement 73,5% et respectivement 88,1% des valeurs enregistrees en 1983. La structure 
numerique par composants principaux a ete: vers - 64,7% (par rapport a 55,3% en 1983)' 

mollusques - 22,0% (21 ;6% en '83), crus taces - 8, 77. (6 ,4% en • 83) et d' autres orga
nismes 4,6% (16, 7% en '83). La structure ponderale moyenne a ete la suivante: vers 
- 29,3% (par rapport a 7,3% en 1983), mollusques - 67,1% (89,2% en 183) crustaces-
0,7% (9,9% en '83) et d'autres organismes- 2,97. (7,5% en 1 83); il en resulte que le 
rOle des vers a augment€ consid€:rablement dans la constitution des biomasses. 
Le developpement exuberant des peuplements de Melinna palmata Grube et d'autres po
lychetes, peut &tre explique en grande me sure comme resultat des augmentations de la 
substance organique dans les sediments superficiels; il est possible aussi que ce so it 
le manque ou la pauvrete des consommateurs majeurs de ces organismes, c 'est-8.-dire les 
poissons d€mersaux, qui a pennis le developpement en toute liberte des especes macro
zoobenthiques sedimentophages. A mesure de la croissance de la profondeur on remarque 
une augmentation de la substance organique (Tableau 1). En 1984, le stock total du zoo 
benthOS de di VerSeS ZOneS bathymetriqueS jUSqU I a 90 m de pr0f0ndeur a ete de 1 t 99xlo6-
tonneS. Plus de 90% du stock du macrozoobenthos a ete donne par seulement 10 especes 
(Corbula, Cardiwn, Mya, Mytilus, Modiolus, Molgula, Amphiura, etc.). Sur la base des 
valeurs moyennes des biomasses des principaux groupes d 'organismes et des coefficients 
P/B (vers - 6,3; mollusques - 2,5; crustaces- 9,7 et d'autres organismes - 8,8) (Gre
eze 1979), nous avons calcule la production annuelle potentielle (Tableau 1). C'est 
ainsi que, pour tout le plateau continental j)lsqu'a une profondeur de 90 m, la produ!:_ 
tion annuelle pourrait atteindre envinon 7,6: 0,7 mile tonnes, dont approximativement 
47,9% vers, 43,6% mollusques, 1,8% crustaces et 6,7 d'autres organismes. La production 
qui pourrait etre realisee dans les zones depassant la profondeur de 90 m, jusqu'a la 
limite de la vie benthique en mer Noire, est reduite (105200 tonnes par an). En 1984, 
bien que le stock du macrozoobenthos soit moindre (88%) que celui de 1983, sa produc
tion potentielle est plus elevee (ll3%)' du aux changements d 'ordre qualitatif enregi
stres dans sa structure. L'augment:at:ion du role des polychetes, represente la plus im
portante modification surgie en 1984 dans la structure du benthos jusqu 'a la profon
deur de 90 m,. devant le littoral roumain de la mer Noire. Nous savons bien que non tou 
te la production du zoobenthos a une valeur €nergetique. A partir de la biomasse fra1~ 
che de 1 'organisme entier, nous avons applique quelques corrections en vue d'exclure 
les parties non-energ€tiques, c'est-a-dire: 0,3 pour les mollusques, 0,95 pour les vers 
et les crustaces et 0,5 pour d'autres organismes; il en resulte que dans la zone €:tu
diee la production utile ne pourrait atteindre qu'une valeur de 4,88 ± 0,2 mil. tonnes, 
dont 71,4% vers, 20,5% mollusques, 2,9% crustaces et 5,2% d'autres organismes& 
En conclusion, si on ajoute 1es donnees de 1984 a celles de 1983 pour les zones plus 
basses de 90 m, on peut calculer des moyennes generales de 92,85 g/m2 pour la biomas
se et de 204,59 g/m2f annee pour la production potentie lle du benthos. En generalisant 
ces valeurs pour l 'ensemble du fond biotique de la mer Noire, on obtient un stock to

tal du zoobenthos de 8,8 mil. tonnes, qui pourrait donner une production de 19,5 mil. 
tonnes. Ces valeurs ne represent qu 'environ 37% de la biomasse et 36-25% de la pro
duction selon les estimations de Greeze, 1979; elles indiquent une evolution r€gressi_ 
ve du benthos de la mer Noire. La diminution du potentiel productif des fonds bioti
ques de ce bassin explique en partie la baisse des stocks de poissons d€mersaux ca. 
l 'inverse des pt2lagiques, dont la productivit€: a augment€)' fait mis en evidence par 
les captures reduites de benthophages de ces dernieres annees (Ivanov, Beverton, 1985). 

References bibliographiques: 
GOMOIU M. T. , 1985 - Rapp. Comm. int. Mer Medi t., 29, 5: 199-204. 
GREEZE V.N., 1979 - Osnovy biologicheskoi produktivnosti Chernogo Morya, Kiev, Nauko

va Dumka: 239-241. 

IVANOV L., BEVERTON R.J.H., 1985- Etud. Rev. CGPM/Stud. Rev. GFCM, 60: 135 p. 
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CARACTERES GtNtRAUX DU BENTHJS DJ PAAC MA.RIN 

DE L'ILE DE ZEMBRA CTUNISIE) 

Alain JEUDY DE GRISSAC (1), Naceur BEN MAIZ (2), Karim BEN MUSTAPHA (3), 
Charles F. BOUDOURESQUE (2), Jean G. HARMELIN (2) et Fredi KARrAS (4) 

(1) U.I.C.N., 1196 Gland (Suisse) 
(2) Faculte des Sciences de Luminy, Marseille (France) 
(3) INSTOP, Salammbo (Tunisie) 
(4) Faculte des Sciences de Tunis, le Belvedere, Tunis (Tunisie) 

Abstract : Main features of t:he fauna and flora are described. Taking into consi
deration the quality of under- and above-water landscapes, the lack of ecological" 
disturbance and the presence of some threatened species, the protection of this 
area deserves continuation. 

INTRODUCTION 

Les iles de Zembra et Zembretta (39°6 1 N, l0°48'E) constituent un pare national 
terrestre, avec un pare marin sur 1. 5 milles au tour de Zembra (loi. du 1 iv 1977, 
decret 77-340). 

Dans le cadre du Progranune des Nations Unies pour 1 'Environnement (PNUE), et plus 
particulierement du Plan d 'Action pour la Mediterranee (PAM), les pays contrac
tant:s de la Convention de Barcelone (15 ii 1976) ont mis en place un protocole re
latif aux aires specialement protegees de Mediterranee (3 iv 1982). Ce protocole 
prevoit : (i) la mise en place d 'un Centre Regional d 1 Activites pour les Aires 
Specialement Protegees (RAC/SPA) a Tunis; (ii) le recensement de toutes les aires 
protegees marines et cotieres, existantes et pot:entielles, de la Medit:erranee; 
(iii) !'incitation ala creation de nouvelles aires protegees; (iv) la realisation 
d 'un guide des criteres de choix pour la creation, 1' amenagement et la gestion de 
ces aires. La premiere etude de cas concerne 1' ile de Zembra; une mission oceano
graphique y a ete organisee du 15 au 26 v 1986; les recherches ont ete effectuees 
en plongee (scaphandre autonome), depuis la surface jusqu'a 50 m de profondeur. 

L' ile de Zembra est sous 1' influence des eaux atlantiques longeant 1' Afrique du 
Nord (LACOMBE & TCHERNIA 1960) et des eaux du Golfe de Tunis. L 'hydrodynamisme de 
surface est extremement fort:, ainsi qu' en temoignent la presence de Patella rusti
~ jusqu'a 6 m au dessus du niveau, et celle d'Astroides calycularis jusqu'a -27 
m •. Toutefois, la fraction fine des sediments est relat:ivement importante en 
dessous de 30 m. 

Les cotes, generalement tres accores, presentent un visor bien marque; Ja biocor
rosion (cyanobacteries) et la bioprotection different:ielle (Corallina elongata) 
determinent un trottoir dont la lsrgeur peut depasser 2 m. La pente des fonds est 
forte (falaises, eboulis couverts de peuplements sciaphiles), ce qui est peu favo
rable au developpement de Posidonia oceanica, qui constitue de simple placages sur 
roche, a 1 1 exception de quelques anses. Aucun bioconcretionnement significatif n' a 
ete observe; Lithophyllum lichenoides est absent, ainsi que le concretionnement 
coralligene. Du coralligene d 'Horizon Inferieur de la Roche littorale ancien (non 
actif actuellement) a et:e repere localement entre -35 et: -45 m. D'une facon gene
rare, la biomasse algale est importante. 

L 1 extraordinaire exuberance du scleractiniaire Ast:roides calycularis, dont: le 
recouvrement peut atteindre 100% sur les parois verticales exposees, entre le 
niveau et une ouinzaine de m de p.-rofondeur. et qu 1 on retrouve en moindre abondance 
sur tout le pourt:our de l'ile, dans des conditions tres variees d • exposit: ion, de 
lumiere et: de profondeur, constitue cert:ainement: le caractere le plus immediat du 
benthos de Zembra. La patelle geante Patella ferruginea, endemique mediterraneenne 
qui a disparu de la plus grande partie de son aire, est abondante dans le Media
littoral inferieur, au niveau de la Phaeophyceae Ralfsia verrucosa. On remarque 
egalement la relative abondance du triton Charonia nodifera et des Cyprea, especes 
sur lesquelles le ramassage par lea plongeurs fait peser de graves menaces en 
Mediterranee, de l'Asteroidea Ophidiaster ophidianus et: de l'Holothuroidea Holo
t:huria sanctori. 

En revanche, un certain nombre d' especes sont remarquablement rares : 1 1 ensemble 
des gorgones (tres localisees), Alcyonium acaule et A. coralloides, Anemonia sul
cat:a, les Holothuroidea Holothuria polii et: H. tubulosa, les Echinoidea Paracen
trotus lividus, Arbacia lixula et: Sphaerechinus granularis, les Asteroidea Mar
thast:erias glacialis et Echinaster sepositus, le grand Bivalve Pinna nobilis, 
1' Ascidie Halocynthia papillosa. Enfin, un certain nombre d' especes n 1 ont pas et:e 
rencontrees : les Spongiaires Aplysina aerophoba, A. cavernicola, Chondrosia reni
formis, Calyx nicaeensis, les Anthozoaires Aiptasia mutabilis, Corallium rubrum, 
Cladocora caespitosa; 1' Echinoidea Cent:rostephanus longispinus, 1' Asteroidea 
Hacelia attenuata, le Bryozoaire Schizoporella errata, les Ascidies Microcosmus, 
la Rhodophyta Asparagopsis armata et la Chlorophyta Codium fragile. 

Le _peuplement de poissons (une quarantaine d' especes observees) se caracterise par 
une part:iculiere abondance de Chromis chromis a toutes les profondeurs, des Spari
dae (en particulier Diplodus vulgaris), du Serranidae Serranus scriba, du merou 
Epinephelus guaza, du corb Sciaena nigra, et d 'une facon generale des grandes 
especes piscivores. La richesse specifique st:ationnelle est relativement faible (8 
a 15 especes le long d'un transect: de 50 m entre 8 et 18 m de profondeur) par 
rapport a la Mediterranee nord occidentale (18-27 especes a Port-Cros dans les 
memes conditions : HARMELIN, donnees inedites). Certains labres sont peu represen
tes, ainsi que les Ant:hias, les Boops, les Gobiidae, les Blenniidae, les Scorpae
~· Serranus cabrilla. Labrus bimaculatus n 1 a pas ete rencont:re. 

La flare algale presente de nettes affinites "froides", et se rapproche de celle 
du Golfe du Lion; on note 1' absence d 'un grand nombre d' especes t:hermophiles 
frequentes dans le Sud de la Mediterranee (genres Halopithys, Digenea, Alsidium, 
Caulerpa, et:c), la rarete de Dasycladus clavaeformis. La presence de la Phaeophy
ceae Hydroclathrus clat:hratus, de la Rhodophyt:a Rodriguezella bornetii, des Antho
zoaires Astroides calycularis et Caldopsammia rolandi, de 1 1 Asteroidea Ophidiaster 
ophidianus, du poisson Thalassoma pavo, 1 1 existence de placages, il est vrai peu 
developpes, de vermets, l'absence de Lithophyllum lichenoides, marque toutefois la 
presence timide de caracteres meridionaux ou orientaux. 

CONCLUSIONS 

L' exceptionnelle beaute des fonds aussi bien que la qualite esthetique du pays age 
emerge, la reunion d'un grand nombre de peuplement:s caracteristiques du benthos 
mt2.diterraneen, la presence d' especes menac€.es devenues rares en Mediterranee, 
1 1 absence de traces de degradation des peuplements par la pollution ou les activi
tes humaineS, COnfirment 1' interet quI il Y a a perenniser la proteCtion de 1 'ile 
de Zembra, sous des modalites qui restent a preciser. 

Remerciements : Ce travail a ete effectue dans le cadre d 'un programme coordonne 
et finance par le PNUE, l'IUCN et le RAC/SPA de Salanunbo (Tunisie). 
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B-VI2 
INTERPOLATION TECHNIQUES IN BENTHOLOOICAL MAPPING : 

A Ca-1PARISON BE1WEEN TREND-SURFACE ANALYSIS AND KRIGING 

M. SCARDI and E. FRESI 

Laboratorio di Ecologia del Benthos, Stazione Zoologica di Napoli, 
Punta S. Pietro, Ischia (I tali a) 

Resume. La comparaison entre dew< methodes d'analyse spatlale de variables relatives au benthos. Ia 
Trend-surface Analysis e le krfgeage. demonlre que ce dernler rournll des reconslrucllons plus accurees solt 
a l'interieur soil a l'exterieur du domaine considere. 

Spatial analysis and mapping or benthological date can be performed by means of several techniques. the 
majority or which were developed In a geological or geographical ~ontext. In ~articular. It Is ~seful to m~p the 
observed variables or 8 synthetic descriptor (e.g. factor scores) 1n order to mfer the ecolog•cal properl!es of 
the system or to work up new hypoteses about them. Since the number or obs~rvatlons Is finite and ~elr 
dilribuitlon may be not regular, an Interpolator Is required which provides an opllmal esllmate of the variable 
to be mapped as a function of geographical or arbflrary coordinates. 

Trend-surface analysis (TSA) and kriging are lnterpolallon techniques which have been already applled 
to ecological research (GITTINS. 1968; SCARDI !.Ul . In press). but they are quite difrerent from both the 
theoretical and the practical point or view. The purpose of this paper Is to outline the major differences 
between their results In a benthological application which deals with a synthetic descriptor. However. It should 
be slressed that both methods are also suitable for the analysis of every kind of quantltetlve date (e.g. species 
density. environmental variables, etc.). for a theoretical presentation or these techniques the reader should 
refer to GRANT (1957) and KRUMBEIN (1959) for TSA and to MATHERON (1969,1970) and GAMBOI.ATI & 
VOLPI ( 1979 a, b) ror l:rlglng. 

The first factor (F 1) scores yielded by a Factorial Analysts of Correspondences on 28 macrozoobenthos 
samples collected In the Bay or Auguste (Sicily) were used both for TSA and kriging. f 1 accounted for the 
20.76~ of the totel Inertia. The sampling stends and the observed F 1 scores are shown In Fig. 1. 

In this analysis F 1 scores are related to the lnrluence or the harbour environment upon the community 
structure, as negative scores are observed In the Innermost and most polluted areas or the harbour. 
Therefore, the response or benthic communities to different environmental condl.tlon can be errectlvely 
displayed by mapping F I scores. 

The Isopleth maps or the f 1 scores were obtained by Interpolating 352 value's, which were arranged on 
a rectangular 16><22 grid (mesh sfze•360 m). The TSA map (Fig. 2) was drawn using the best fitting surface, 
I.e. the quartic one (the goodness or fit was tested by ANOVA). The l:rlglng map Is shown In fig. 3. 

Fig. I -Sampling stands. Fig. 2- QJartic TSA m11p. Fig. 3- Kriging map. 

In the TSA map two main features can be seen: (I) the regularity or the lsopleths and the steepness or 
the gradients. which should account for sharp cenocllnes. and (2) the exlreme, meaningless F 1 scores on the 
right side of the studied area. On the conlrary. the kriging map appears more even and lsopleths are less 
regular than In the TSA map. However, a main cenoclfne Is clearly shown and F 1 scores are all acceptable, 
Including the exlrapolated ones. In both examples the cenlral area, which Is often dredged, has high F 1 scores. 

A more objective comparison between the results of these techniques can be made considering the 
reduced error dlslrlbullons or TSA and kriging reconslructlons or the 28 observed values, which are shown In 
Fig. 4. These dlstlbutlons were obtained reconslructlng each score on the basis of the 27 remaining ones and 
dividing the Interpolation error by the standard deviation or all the observed values except the Interpolated 
one. This procedure was repeated for the trend-surfaces up to 5th degree and the l:rlglng In order to obtefn 
the reduced error dlslrlbutlon or each Interpolator. 

Although It was not possible to test either the normality of the distributions or the differences between 
them because or the limited number of observations, it Is clearly seen that TSA errors tend to become more 
widely dispersed as the degree or the trend-surface Is Increased, while kriging errors are the least dispersed 
about the zero. In particular. the errors or the quadratic Lrend-surrace, which are the least dispersed In TSA 
(b), are greater. on the average, than the kriging errors (remark that the quadratic surface Is not the best 
fitting one. when all the observations are slmulteneousiy considered). 
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fig. 4- Reduced error dlslributlons for 1st to 5th degree Lrend-surraces (a-e) and kriging (f). 
The maximum negative errors In (d) and (e) ere respectively -14.0 and -132.6. 

In the light of the above results It Is quite clear that outstendlg differences exist between TSA and 
l:rlging. The reliability or Interpolation and especially or short range extrapolation Is an advantage of kriging 
over TSA, which Is emphasized by the fact that kriging provides also en estimate of the lnterpolalion (or 
exlrepolatlon) error variance. This feature Is mainly due to the fact that kriging Interpolation Is based on both 
the observed values and a veriogram, which accounts for the spatial properties of the studied variable. On the 
other hand, TSA Is by far quicker and easier to carry out and therefore Its application Is convenient when a 
descriptive representation Is to be drafted or when a rough interpolation Is required In a regular. fsolropfc 
gradient (SCAROi & FRESI. 1985). 

In conclusion, It hils to be slressed that kriging is a complex approach to spatial analysis problems 
rather than a simple Interpolation technique and that It provides cartographlcai representations which are 
usually more accurate than those obtefned by TSA. Nevertheless, TSA can elso prove to be useful when the 
quantitative representetlons/predlctlons are not the primary goal or the work. 

Gambolatl, G. and Volpi, G .• 1979 a. \IJaler Resour. Res. 15. 2: 281-290. 
Gambolall, G. and Volpi, G., 1979 b. water Resour. Res. 15, 3: 625-629. 
Gillins. R., 1968 . ..L..fl;QL 56: 845-869. 
Grant. F .• 1.957. ~ 22: 309-344. 
Krumbein, \1.1. C., 1959. J. geophys. Res. 64: 823-834. 
Matheron, G., 1969. Cah. Cent Morpho! Math 1: 83 pp. 
Matheron, G., 1970. Cah. Cent. Morohol. Math. 5: 212 pp. 
Scardf, M. and Fresl, E .• 1985. Rapo. Comm. lnl. Mer Medll. 29 (6): 217-219 
Scardi, M., Fresi, E. and Ardizzone, G. D .• In press. In: 2nd International Workshop on Posidonia oceanica 
~. 6oudouresQue C.F .. Jeudy de Grlssac A. & Olivier J. edit.. G.I.S. Posldonie publ .. France 

18 

B-VII1 
LES GRANDES TENDANCES DE L 

1 
ETUDE DES PoLYCHETES EN fi'ED ITERRANEE (1800-1970) 

Gerard BELLAN 

Station Marine d'Endoume, Marseille (France) 

L 'etude scientifique des Annelides Polychetes en Mediterranee remonte au de

but du I9eme Siecle. Sans etre exhaustif, on peut, peut-etre,evoquer de Savigny(l826) 

et Phillipi (!844), puis de Quatrefages et Claparede et, dans les 20 dernieres annees 

de ce siecle, les travaux de Marion et de ses collaborateurs (Marion et Bobretzky, 

1875) et de Lo Bianco ( 1895). Les recherches de ces deux auteurs etaient remarquable

ment extensives du point de vue de la connaissance de 1 'ensemble du Groupe, mais, 

a contrario, relati vement condensee si 1 'on tient compte du secteur geographique 

etudie, respectivement, les Golfes de Marseille et de Naples. On peut, d'ores et deja 

faire deux observations. La premiere, est que ces deux secteurs devaient, jusqu' 8. 

l 'epoque actuelle, faire l 'objet de prospections continues et de recherches de plus 

en plus di versifiees sur les Polychetes. Par la suite, d 'autres secteurs geographi

ques ont servi de cadre a un ac.croissement sensible de nos connaissances sur les An

nelides Polychetes, en Mediterranee. Au premier plan, il apparait que 1 'on peut met

tre la cote des Alberes, avec Banyuls (Pruvost, 1898, Laubier-in Laubier et Paris, 

1962, et multiples travaux ulterieurs), mais on ne saurait negliger la Haute Adria

tique et, plus recemnent, les cotes de Tunisie, d'Israel, de Grece et d'Espagne. La 

seconde remarque a- trait aux preoccupations scientifiques des sp€cialistes a partir 

de cette fin du 19e.me Siecle. Nota)>lement orientee vers des etudes systematiques, 

vers des preoccupations descripti ves jus que la, la recherche sur les Polychetes s 'est 

alors diversifi€:e. Des travaux de systematique se sent, certes, poursuivis et se 

poursuivent. Il £aut, a ce propos, citer_, en sus des travaux d€j8. €voqu€s_, ceux de 

Cognetti (195 7) sur les Syllidiens du Golfe de Naples et ceux de Zibrowius (!968), 

sur les Serpulidae de la region de Marseille. Des travaux, de caractere biogeographi

que, se sont perpetuees pour aboutir a la Somme sur les Annelides Polychetes de la 

Mediterranee de Rullier (1963). Toutefois, les recherches de Marion avaient marque 

un tournant capital. La plupart des recherches sur les Polychetes qui ont suivi ont 

porte, de maniere plus ou moins exclusive, sur 1 'Ecologie des Polychetes. A partir 

des annees 1950, une des preoccupations majeures de .. nombre de specialistes mediterra

neens s 'est portee sur 1 'Ecologie des Polychetes, taut 1 'autoecologie que la syneco

logie. Peres (1954) a ete 1' ins tigateur de ces recherches, reprises par d' autres, 

dont Cognetti. Un eleve de Peres, Bellan, a base l'essentiel de ses recherches sur 

les Polychetes, sur leur distribution ecologique et les rapports etroits entre syste

matique et ecologie allant meme jusqu'a proposer (Bellan, 1964) l'utilisation des 

donnees ecologiques en tant que criteres objectifs dans la taxonomti.~ des Polycheteii. 

Les recherches sur l'ecologie des Polychetes ont connu un developpement tout a fait 

exceptionnel, en Mediterranee, au cours des trente dernieres annees. On peut conside

rer que les recherches de ce type, qu 'elles aient porte sur les seules Polych.etes ou 

qu'elles aient ete integrees dans des travaux plus generaux de bionomie, sont une des 

caracteristiques essentielles et des plus originales des recherches sur les Annelides 

dans notre mer. Toutefois, on est oblige de cons tater qu'en depit d 'efforts serieux 

d 'un certain nomhre d 'auteurs (Laubier, Cognetti, Zibrowius, Cantone, Ben Elahiu et 

de jeunes auteurs italiens et espagnols,. a titre d'exemple), la connaissance taxonomi 

que n'est pas satisfaisante pour de trop nombreuses familles. Cet etat de fait n'est 

pas propre a la Mediterranee, mais il prend, dans notre mer, une acuite d'autant plus 

vive que l'utilisation des Polychetes, a quelque titre que ce soit, dans de nombreu

ses disciplines et, tout particulierement, les recherches finalisees, est tentee a 

grande echelle. A cote de l'ecologie, d'autres voies de recherche ont ete explorees. 

On citera les travaux, deja anciens, de genetique de Bacci et de ses nombreux colla

borateurs, ceux ·sur la regeneration des Anneli.des de 1 'Ecole d 'Abeloos, a Marseille, 

et, plus pres de no us, 1 'etude des s tades larvaires et des eye les de developpement de 

diverses especes realisee par Bhaud (1971) • Enfin, de nombreux travaux de toxicolo

gie ont ete executes avec des Polychetes comme especes-tests. On remarquera, a ce 

propos, que les especes choisies avaient toujours une signification ecologique pre

cise et que ces travaux d 'ecotoxicologie ont ete conduits par reference a la distri

bution bionomique des Polychetes dans le milieu naturel, perturbe ou non. On rejoint 

la une des voies derivees les plus importantes, a savoir la recherche, la mise au 

point et 1 'utilisation d'indicateurs biologiques et d"'indices biotiques" bases 

les Polychetes dans les "etudes environnementales" a caractere applique. 
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B-VII2 
ECOLOGICAL IMPLICATIONS IN THE TUBE MORPHOLOGY AND EPIBIOTA 

OF A POPULATION OF DITRUPA ARIETINA (POLYCHAETA, SERPULIDAE) 

Maria Cristina GAMBI 

Laboratorio di Ecologia del Benthos, Stazione Zoologica di Napoli, Ischia (Italia) 

Resume: La moY'phoLogie paY'ticuLieY'e du tube, obseY'vee dans une popuLation de 
a ete mise en COY'Y'eLation avec Les chaY'acteY'istiques du miLieu. On 

OY'ganismes epibiontes SUI' Z.es tubes de ce poLychete. 

The morphology and composition of Polychaete tupes are often influenced by envi

ronmental factors. On the other hand, dense assemblages of tubes can modify the habi

tat. High densities of tube-builder worms, in fact, stabiliz-e the bottom, increase 

spatial heterogeneity and change sediment grain-size composition, thereby exerting an 

effect on abundance, diversity and also succession in soft-bottom communi ties (GALLA
GHER et al., 1983). 

I analyzed the tube morphology of a population of the polychaete Di trupa arietina 

in relation to environment, together with the epibiota found on the tubes. Q_. arietina, 
a cosmopolitan species typical of soft-bottoms, is particularly common in circali tto
ral muddy-detri tic sediments where often it occurs in dense assemblages of empty tu

bes that probably indicate the instability of the superficial sediment layer (BELLAN, 

1964). The tube of Ditrupa has a peculiar "elephant-tooth" shape (similar to that of 

Mollusca Scaphopoda). The maximum diameter of the tube is a few millimeters behind the 
opening (Fig.lA). The tube consists of two calcareous layers: an internal opaque layer, 

and an external transparent, bright layer. The narrower part of the tube is embedded 

in the bottom; the wider part, that contains the opening, protudes above the bottom to 
allow tne filter-feeding activity (ZIBROWIUS,l968a) (Fig.lA). 

The population of Q. ~rietina studied (over 4, 000 specimens, one-third composed by 

empty tubes) was collected with a "Charcot" dredge in the Gulf of Policastro (southern 
Tyrrhenian sea, Italy). The area was located at a depth of 30m about lkm in front of 

the River Castrocucco, and the sediment was a "silty sand 11 • 

Most of the tube examined had one or two restrictions in the anterior half that we

re due to a thinning of the external transparent layer (as occurs around the opening, 
Fig. 18). Around these restrictions a ring was sometimes formed by encrustations of se

diment or of remains of epibiotic organisms (mostly Foraminifera). In addition, the 

section of the tube going from the last restrictim to the opening often consisted of 

the internal opaque layer only (Fig. 18). These restrictions can be interpreted as pre

vious openings of the worm • s tubes. They indicate that the animal lengthened the tube 

to displace the opening above the sediment surface, probably as result of bottom in

stability. In fact, the sampling area, which is in front of the River Castrocucco, is 

probably subjected to changes in the sediment level. 

Another interesting feature of the Di trupa population studied was the high abundan

ce and diversity of the epibiotic organisms present mostly on the living tubes. The 

most abundant was Cibicic!es lobatulus (Foraminifera) always present in the vicinity 

of the tube opening and also on the operculum of the worm (Fig. lD). Also abundant was 
Hydroides norvegica (Serpulidae). The Hydroides tubes often encircled the opening of 

the Di trupa tubes, with the distal part erect (Fig. lC). Other epibiotic forms were 

Eunice vi ttata, Lysidice ninetta and Pomatoceros sp. (Polychaeta); juveniles of Anomia 

ephippium (Bivalvia); HYdroida; Briozoa; colonies of benthic Diatoms Navicula sp. and 

Grammatophora oceanica; red algae such as Seirospora interrupta and Polysiphonia sp 

I did no find Cibicides refulgens (Foram.) and Bugula ditrupae (Briozoa) observed 
on Ditrupa tubes by ZIBROWIUS (1968b). 

A single tube often hosted many epibiotic organisms, several of which held other 

epibiotic species ( Fig. lC). 

In conclusion, the tube morphology of the studied !!_. arietina population shows that 

this species can, to some extent, react to sediment dynamics. Furthermore, as the .Ql
trupa tube provides a support for larval settlement of many taxa, a high density of 

this worm greatly affects species composition and diversity of soft-bottom communi ties. 
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Fig.l: A) Ditrupa arietina embedded in the sediment; B)tubes of Ditrupa with restric

tions formed from previous openings; C) Di trupa tube encircled by the tube of 

Hydroides norvegica (note some Foraminifera on the Hydro ides tube); D) Cibici

des lobatulus (Foraminifera) on the vicinity of the Di trupa tube opening and 

on the worm's operculum. 
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B-VII3 
THE POLYCHAETA FAUNA OF POSIOONIA OCEANICA MEADOWS OF lZMIR BAY <TURKEY) 

RESUME' 

Zeki ERGEN 

Ege University, Faculty of Science, Department of Biology, 
Section of Hydrobiology, Bornova, Izmir (Turkey) 

Les polychetes d'un fond a Posidonia oceanica du Golfe d'Izmir ont ete etudiees. On 

a trouve 39 especes (24 errantes et 15 sedentaires). Parmi ces. especes StyZarioides 
eruca et Armandia poLyophthalma ont ete obser¥ees pour la prem±ere fois dans les e
aux turques. 

P. oceanica is widely distributed in the infralittoral zone of the outer part of 

Izmir Bay, except its inner region where is affected by dense pollution. 

Figure 1: The sampling stations 

The fauna and flora of these mea
dows found in the bay have been 

investigated for the first time by 

Geldiay and Kocatas (1972) and its 
distributions by Guner (1975). 

Flowering of P. oceanica in the U!:. 

la shore of the bay and its carto
graphy has been shown by Pergent 

and Pergent (1983,1985). In this 

study only the Polychaeta species 

of P. oceanica meadows have been 

investigated and a total of 39 sp~ 

cies have been found. Of the 39 

species observed, Styla:t'ioides eruca and Armandia polyophthalma are the two new spe

cies reported for the Turkish waters. 

In· order to identify the Polychaeta species of P. oceanica nine samplings have b~ 

en done from three stations chosen for this purpose (Fig. 1). Samples have been col
lected from an area of 400 cm2. Diversity indices by Margalef's method and relative 

dominance have been determined. 

From these investigations carried out in three stations 24 Errantia and 15 Sede!!_ 

taria species amounting to 39 species and 573 individuals have been determined. Of 

the total species determined, two of them which are StyLarioides eruca and A1'111andia 
polyophthalma are newly reported from the waters of Turkey. When these species are 

compared according to their relative dominance it has been seen that Nereis zonata 
ranks first with 12.4% next Platynereis dumeriZZii and Nereis pelagiea with 10.3% 

and 7. 4% respectively. 

Table 1 : The total number of species and individuals at the stations and the dive.E_ 

si ty indices 

Number of Number of Number of Diversity 

Stations sampling species individuals index 

Urla 28 262 4.85 

Mordogan 23 llO 4.68 

Fo~a 27 200 4.91 

As can be seen from the table Urla and Fo~a stations are quite similar in abunda!!_ 
ce of species whereas Mordogan seems to be much poorer in comparison to the other 

and this is probably due to the sparseness of meadows. 
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B-VII4 
TAXON0'1IC AND ECOLQ;ICAL STUDY OF THE PoLYCHAETE FAUNA 

OF THE N. SPORADES, AEGEAN SEA 

A. NICOLAIDOU, K. PAPADOPOULOU and N. SYMBOURAS 

zoological Laboratory, University of Athens, Panepistimiopolis, Athens (Greece) 

Resume: Cette etude concerne la faune des polychetes des iles Sporades-Nord" D'apres 
nos releves elle est constituee de 170 especes dent 17 especes et l genre sont sig
nalees pour la premiere fois dans les eaux grecques. L'analyse en composantes prin
cipales a montre que les facteurs enfluant sur la distribution des polychetes sont 
le type du substrat et l 'exposition. 

The polychaete fauna was studied on three islands of the N. Sporades, Pelages, 

Piperi and Yioura. Thirteen sites were visited including both hard and soft sub

strata, at various depths and in areas of different wave exposure. The samples on 

hard substrata were collected by divers using a 25 em side quadrat. Soft sediment 

samples were obtained by a 0,1 m2 van Veen grab. The results were submitted to the 

Principal Component Analysis, R-type factoring, using the SPSS program (Statistical 

Package for the Social Sciences, Nie et al, 1975). The diversity was calculated us

ing the index of Shannon-Wiener (Shannon & weaver, 1949). 

The hard substratum was almost completely covered by photophilous and calcareous 

algae while the soft bottom ranged from muddy sand to sandy gravel. A total of 2303 

polychaetes were examined belonging to 32 families and 170 species. 17 species and 1 

genus are mentioned for the first time in greek waters. Those are: ~~E!:~!!:~!<:_<:~£

!:':!':, MUller, l 771; ~~~<::>!!:<:~~':_C:<:''::~!!:~<:!<:, ( Claparroe) , 1868; ~!:<:~~'::~':_!=:':¥~~~, Katz

mann, Laubier & Ramos, 1974; !:"!!:~C:~~<:'=¥!!~~-~~~!~=· (Gravier), 1900; ~~:!=::?!:~::::==-=~.: 

!~!=:~~<:'!:~~~' (Annenkova), 1934; !?':~r'C:!:<:''::':_~~~g~':· (Delle Chiaje); ~g'?i:/!:':'::~~':_C:<:

_l'':':!~':!':• (O.G. Costa), 1861; ~¥~~<::'!~<:<:_<:<::>~~~!=:~~' Grube, 1870; t:'l':2~~~~-t?':!:':!:~':!':· Ma

rion & Bobretzky, 1875; ~~':C:<:'~!~~-C:IC¥~!':g~::~~' sensu Zibrowius, 1968; ~~¥<:~!=:::=~ 

E<:~!~<::'!~~, ( Claparroe) , 1864; ~.:_!<:'::~~~<:!~~, Langer hans, 1880; ~!:<:'C:':!:':~!':~_f?':!:!:~':!:~, 

Gravier, 1900; ~!:~~~:~<::>::=~-'=~':!:':IC~~~, Greeff, 1866; ~!:~!:!<::>=¥~~~=-~~~~!~:~, South

ern, 1914; :!Ye<::>~~~~~~-~IC':~~E':'::'::~~' Grube, 1863; ~.:-~~!!~!':• Grube, 1840 and ~~EE'<:''::<:'': 
~!:· The number is relatively high because most of the previous works (for example 

Bell an 1961, 1964; Harmelin, 1969; Vamvakas, 1970) with the exception of Fassari 

(1982), were focused on soft substrata. 

Hard substratum was sampled at 8 stations. A large number of species found there 

are known to inhabit algae while others live in actual crevices of the rock. Species 

characteristic of the biocoenosis of the photophilous algae (PA) were the polychae-

tes !!.:e~~<::>r::<::>!~~-'=~~::~, !:i::<:~~~<:<:_r::~r::<:!!~, ~<:<:~<:<:~~~-'=<:'::'<:!:!~~~~, !':~et:!~<J~<:::'~-~~~!<:~
:<:r::::~, ~Ye<::>~yg~~-E::<::>~g<:::~ and ~~~!YI2':~':~~-<::'!~".'':JC~!~~. These species accounted for 

up to 53% of the total number of species in one of the stations. Highest diversity 

( 4. 917) was observed at an exposed station with ~~!:~".'~~ and calcareous algae at 20 

m, and the lowest (2.642) at a station 4 m deep, where ~~9~12~ dominated. Lower di

versity on ~~9~::>~ may be due to the smaller structural complexity of this alga which 

does not provide a great variety of microhabitats for the establisment of benthic 

organlsms. 

Soft bottom was encountered at 5 stations. Among those, the stations with finer 

sediment supported the richest fauna whereas the poorest station in both numbers of 

species and individuals was· the exposed sandy gravel station. This station also had 

the lowest diversity (2.368) among soft bottom stations, while the most diverse was 

a sandy station. Species characteristic of various biocoenoses were found but none 

dominated. This may be explained by the restricted distribution of soft substrata 

in small bays. In most other areas the bottom was rocky often with a steep slope. 

All the feeding types, according to Fauch~ld and Jumars ( 1979) , were found with 

carnivores dominating on most substrata. Only on the two sheltered muddy sand sta

tions there was dominance of deposit feeders and on ~~<::'!~t:J~ of suspension feeders. 

An indication of the main factors affecting the distribution of polychaetes is 

given by the principal component analysis. The first three factors were taken into 

account with eigenvalues 4. 414, l. 833 and l. 482 and percnet variability 34.0, 14 .l 

and 11.4 respectively. Plotting of factor 1 against factor 2 devided te1e stations 

according to the type of substratum (hard-soft) and the exposure. Hard substrata 

have high scores on Axis 1 and sediments low scores. The most sheltered among the 

stations, in the enclosed Bay of Planetes, have the highest scores on Axis 2. Axis 

3 is probably related to the complexity of substratum. On the contrary, depth did 

not seem to play an important role on the distr-ibution of polychaetes. 
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ABSTRACT 

STRUCTURE DES PEUPLEMENTS DE PoLYCHETES DE SUBSTRAT SABLEUX 

SOUS CONDITION DE FORTE EUTROPHISATJON EN MER NOIRE 

Victoria TIGANUS 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

In the Black Sea a Polychaets population on (heavily eutrophic) sandy bottoms is de
scribed. Among 12 species identified onlT 4 are common: N.s., S.f., P.c. and C.c. 

Parmi les modifications survenues dans la structure du zoobenthos, a la suite de la 
croissance de l'eutrophisai:ion du milieu marin du nord-ouest de la mer Noire pendant 
les 10 dernieres annees, ce lles des peuplements de polychetes sent tres importantes, 
car elles contribuent pour plus de 70-80% a la densite du macrobenthos. 
Le travail presente ici porte sur les recherches effectuees pendant la periode 1983-
1985 sur un reseau de 38 stations a des profondeurs de 5, 10 et 20m, le long du li!_ 

toral roumain. 
On a identifie une faune de polychetes pauvre du point de vue quali tat if - 12 especes 
dent seulement 4 avec des frequences de 50 a 95%: Neanthes suecinea Leuck. et Spio 
fiZicornis (O.F .M.) (frequence de 50%), Poly dora ciZiata Johnst (frequence au-des sus 
de 95%) et Capitella capitata Fabr. (50-85%). Les autres espikes ant eu des frequences 

inf€rieurs a 10%. 
La structure quantitative des peuplement de polychetes se caracterise par l;i domina!!_ 
cedes meme quatre especes en proportion de plus de 99%, ainsi que par des densi tes 
moyenne annuelles de 20.000-94.000 exfm2, et des maxima superieurs a 1.200.000 exfm2 

durant la saison chaude (Tableau 1). 
Tableaux 1 

Densites moyenne annuelles (ex/m2) et dominance (D%) des principales espikes de 
polychetes 

An nee 1983 1984 1985 

Zone sud sud nord sud nord 

Especes exfm2 D% exfm2 D% ex/mZ D% ex/m2 D% exfm2 

Neanthes succinea 5587 12 849 7487 56 784 l 6200 

Spio filicornis 17961 39 28053 81 1187 9 85615 9l 2520 

Polydora ciliata 18129 39 2035 3807 29 2843 3 10988 

Capitella capi tata 4210 3015 787 4859 120 

Polychaeta total 45930 34566 13268 94253 19900 

D% 

31 
13 
55 

En ce qui concerne la dominance de chacune de_s quatre especes, on a constat€: certaines 
differences entre la zone sud du littoral (Constan~a-Vama Veche) et celle nord (le 
secteur predeltaique) soumis a l 1 influence plus directe de l'action eutrophisante des 
eau du Danube, difference consistant principalement dans la dominance plus accentuee, 
au nord, des especes Neanthes succinea et Polydoru ciliata, et au sud de Spio filicor 
nis. Pendant la p€.riode des recherches on a observe, surtout dans la zone sud, une -

reduction progressive en 1984-1985, par rapport a l 1 annee 1983, des peuplements de N. 

suecinea et P. ailiata, ainsi que 1e developpement quantitati.f de cett;x:. de S. fili
cornis. D'ailleurs en 1985 on a remarque aussi une certaine daversification de 1a fau 
ne de po1ychetes, par !'augmentation de 1a frequence, a plus de 10%, pour quatre es-
peces: Nephthys airrosa Eh1. (28%), Eteone picta Quatr. (24%) ,Ha:rmothoe reticulata 
Clap. (22%) et Phyllodoce maaulata (L.) (10%). Ces modifications peuvent etre liees a 
une certaine tendance de diminution du niveau d'eutrophisation, remarqu€e au cars des 
deux dernieres ann€ees, niveau qui reste neanmoins bien superieur a celui des anni§es 
1960-1965. 
En comparant 1a situation actuelle des peuplement de polychetes avec celle enregistree 
il y a 20 ans (l), on cons tate un profond remaniement structural. Du point de vue qua 
litatif, non seulement 1e nombre d 1 especes s 'est redui t (24 especes enregistrees en -
1965), mai aussi la frequence de different especes s 'est modifiee: des cinq especes 
avec une frequence de 50-90% en 1965, 1a seule espece qui a encore une frequence ele
vee est Spio filicornis, les autres sont rares ou absentes. En echange, on observe u
ne augmentation .de frequence pour N. sucainea, P. ciliata et C. capitata dent la fre
quence anterieure lie depassait pas 20%. Du p~int de vue quanti tat if, la densi te gene
rale des polychihes a augmente de 4 a 10 fois.On a enregistre la proliferation des peu 
plements deN. suecinea et P. ciliata, especes opportunistes, qui ne constituaient, -
il y a 20 ans, pas plus de 1% de l'effectif des polychetes. 
On peut estimer, qu'a present il s'agit d'une faune de polychetes pauvre du point de 
vue quali tat if, formee dans sa majeure partie des elements les plus to1erants a 1. au
gmentation du degre d 'eutrophisation et de pollution, en effect,le quatre especes es
sentielles de polychetes se deve1oppent meme dans 1e milieu portuaire (3). 

REFERENCES BIBLIOGRAPHIQUES 

BACESCU M., GOMOIU M. T., BODEANU N., PETRAN A., MULLER G. I., CHIRILA V., 196 7 - Din~ 

mica populafiilor animale ~i vegetale in zona nisipuri1or fine de la nord de Consta.!!_ 
5a, in condi~iile anilor 1962-1965. Ecologie marina, 2: 7-167. 

MANOLELI D., 1980 - Les populations de polychetes des eaux saumatres oligoha1ines de 
1a Romania. Quelques observations et problemes. Trav. Mus. Hi st. Nat. "Gr. Antipa", 
21: 111-129. 

TIGANUS V .. , 1982 - Donnees preliminaires sur le zoobenthos du substrat meuble de la 

zone portuaire Constan~a. Cercetati marine, IRCM, 14: 107-114. 



B-VII6 
ETuDE EXPERIMENTALE DE LA RECOLONISATION PAR DES POPULATIONS 

ANNELIDIENNES DE SUBSTRATS MEUBLES POLLUES EN MEDITERRANEE
0 

Victoria DIAZ-CASTANEDA 

Universite des Sciences et Techniques de Lille, Flandres Artois, 
Station Marine, B.P. 41, Wimereux (France) 

ABSTRACT This study shows the process of recolonisation of a defaunated soft 
substrate. in relation wi til the pollutants dyna.aics. Azoic sediaents froa Berre 
Lagoon were transplanted in a cleaner bay near Toulon. Colonization was in first 
place realized by adult amphipods, which are doainant during the first three 
months, after the fourth, the doainant position is taken by the Polychaete&. 
After one year, we find alaost the saae divers! ty and lists of species, 
nevertheless the organization appears to be different. 

Nous no us sommes proposes d' etudier la recolonisation de sediaents defaunes 
par la pollution et 1' anoxie, en fonction de la dynamique de certains polluants. 
L' experience a consiste a pre lever des echantillons de sediaent dans une zone 
defaunee par 1 'anoxie et la pollution de 1 'etang de Berre, et de les transplanter 
dans une bale relativeaent peu polluee des environs de Toulon, la baie du 
Lazaret. 

Les echantillons sont p~aces dans des aodu!es experiaentaux, bacs de 
polyethylene d'environ 1/12 a de surface et 5,3 da ), fixes ensuite par 5 a de 
fond (STORA, 1982). L'operation a ete realisee en mars 1982 ; par la suite, 
pendant un an, deux modules ont ete releves chaque aois, 1 'un pour les dosages 
des polluants, 1 'autre pour 1 'analyse de 1 'etat de colonisation par des 
organisaes benthiques. Chaque fois, un prelevement a la benne a egalement ete 
effectue a proximite afin de coaparer, peupleaent des aodules et faune 
avoisinante. L' inventaire du peuplement macrobenthique de chaque aodule ou 
echantillon est fait alors. en aeme temps que le dosage de polluants tels que 
1 'aaaoniua, les orthophosphate&, le cui vre. le zinc, le plomb et Le cadmiua, afin 
d'en suivre !'evolution Nous avons cherche a caracteriser Je phenoaene de 
recolonisation dans son aspect biocoenotique, en faisant appel a des aethodes 
nuaeriques aultivariables, (DIAZ-CASTANEDA, 1984). 

Nous nous 1 iai tons ici a 1 'analyse du repeupleaent en Polychetes - groupe 
doainant lors de la recolonisation, et le plus diversifiiL Les modules nous ont 
perais de recolter 1273 individus macrobenthiques dont 746 Polychetes (59%) 
repartis en 39 espiices et lea echantillons a la benne du ailieu environnant, 2842 
individus dont 2104 Polychetes (73%) repartis en 59 especes. La plupart des 
especes appartiennent a la communaute des Sables Vaseux en Mode Calae (SVMC) 
(PERES et PICARD, 1964) et sont indicatrices de pollution et de richesse du 
milieu en aatiere organique. 

Le processus de recolonisation est precede d' une phase de latence d' environ 
deux mois, pendant laquelle les aodules se debarrassent d 1 une grande partie de 
leurs polluants et la matiere organique s 'oxyde : leur peuplement est alors quasi 
nul. Ce biotope vierge attire ensuite un flux d' organisaes opportunistes, 
capables de coloniser rapideaent le ailieu. Plus tardiveaent d' autres especes 
apparaissent, qui necessitaient probableaent une aodification du ailieu physique, 
lie a 1 'installation prealable des especes pionnieres et sans doute d' une 
aicrofaune-flore suffisaaaent developpee On peut supposer qu' il existe deux 
sources distinctes de recruteaent. Pour les especes presentant une acti vi te 
natatoire relativeaent developpee, la colonisation a pu se fa ire par des 
aigrations d' adul tes et de juveniles trouvant dans les aodules des condi tiona 
favorables et des niches ecologiques vacantes. Pour les especes a aobili te 
redui te, le recrutement depend sans doute de la sedentarisation des larves 
aeroplanctoniques. La recolonisation est d' abord realisee par des crustacea 
adultes, en particulier des Aaphipodes, (Gaamarus aeguicauda, Microdeutopus 
bifidus et Corophiua runcicorne), doainants pendant lea trois preaiers aois. A 
partir du quatrieme aois les Polychetes prennent le relai, et se diversifient ; 
les preaieres especes installees sont Polvcirrus medusa, Stylarioldes eruca, 
Mercierella eni!lllatica, Lumbrinereis latreilli et Syllis hyalina. Enfin, lea 
Mollusques sont les derniers a coloniser les modules. L' Analyse Factorielle des 
Correspondances ainsi que lea Diagraaaes Rangs-frequences aontrent une evolution 
du peuplement experimental vers un etat final proche du peuplement nature!. Aprea 
un an, diversite et liste des especes sont les aemes ; cependant 1 'organisation, 
c 'est-a-dire les proportions mutuelles des especes, sont differentes. Chacun des 
peupleaents compares semble "s 'equilibrer" a sa fa~ton en fonction du caractere 
confine ou ouvert du biotope, alors aeae que lea caracteres physiques du substrat 
sont similaires. Les resul tats aontrent que lea Polychetes prennent une part 
essentielle dans la recolonisation et 1 'organisation du peuplement dans les 
conditions experimentales realisees. L' evolution vera des caracteres proches du 
peuplement naturel s 'est aontre interroaplie par 1 'installation provisoire d' un 
peupleaent particulier aarque par la doainance de Tharvx sp. (espece absente du 
sediment environnant), qui s 'est maintenu trois mois. 
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ETUDE PRELIMINAIRE DES FONDS MEUBLES DU PORT DE IlEJAIA 

A. BAKALEM et J. C. ROMANO 

ISMAL, B.P. 90, Alger-ler Novembre, Alger (Algerie) 

ABSTRACT 

We have prospected the soft bottoms, at four stations, in the pqrt of B€jaia, between 

3 and 12 m depth. The preliminary results obtained show a relative richess con'\!erning 
this port populations; 85 species, with a qualitative dominance of polychaete and qua~ 
titative dominance of molluscs. The main species of these stations' populations are Cor 
hula gibba; an indicator species of organic matter and Andouinia tentaauZ.ata; a' pol-

lution indicator species. It may show disturbances inside this area. 

Le port de B€jaia est situe sur la cOte est algerienne, a l'ouest du golf de B€jaia. 

C'est un port commercial assez actif, la communication avec lamer ne s 'effectue que 
par une seule passe assez €troite. 
Nos priHevements ont ete effectues en decembre 1983 en quatre stations repartres en di:_ 
verses zones. Pour chaque station deux prelevements ont ete effectu€s avec ube benne 
Van Veen (soit une surface pre levee de 2/10 de m2). I.:es stations l et 2 (profondeurs 
10 et ll m) sont situees a proximite de la passe, les stations 3 et 4(profondeurs 12 
er 3 m) en sont e loign€es e t se trouvent dans la partie sud du port. Le s€diment est 
nne vase assez compacte. 
Pour les quatre stations 85 especes ont ete inventoriees; 62 especes de polychethes, 
14 de mollusques, 6 de crustaces et 3 d 'echinodermes. Le tab leu suivant indique la ri_ 
chesse qualitative er quantitative de chacun des stations. 

Station 

Nombre d 'especes 43 
Densite (ind/m2) 2840 

57 
3870 

21 27 
4390 1420 

Aux stations l et 2 il existe un 
certaine equilibrie entre le nom
bre d'especes et leur abondance, 
alors qu 'aux stat ions 3 et 4 que 1-
ques rares especes ant un effectif 

important. Pour toutes les stations les polychiHes sont quali tati vement dominants, sui 
vis par les mollusques qui sont quanti tati vement dominants, sauf pour la station l ou -
les polychetes ont une dominance de 93,66%. L 'abondance des mollusques est tres nette 
a la station 3 (d=90,86%). 
Pour le quatre stations a un petit nombre d 'especes de mollusques correspondent des 
effectifs eleves, un tel desequilibre n'existe pas chez les polychetes. 
Les crustaces et les echinodermes sont tres mal repr€sent€s, tant en nombre d 'espe
ces qu 'en effectifs. 
A la station l, 8 des 10 premieres especes du peuplement sont des polichetes, les 2 
aut res, CorbuZa gibba et Tell ina puZahelZa sont des mollusques. L 'espece leader est 
Audouinia tentaauZata, indicatrice de pollution (d=40,84%) suivie de Lumbrineris gra
aiZis (10,21%). Parmi les principales especes on trouve des minuticoles; Tha.ryx mario 
ni et T. muZtibranahis, des especes indicatrices de matiere organique ;Chaetozone set£ 
sa et Prionospio airrifera. Sur le plan ecologique, en cette station 1 les especes i~ 
dicatrices de milieu perturbe (indicatrices de pollution et indicatrices de matiere 
organique) constituent le groupe ecologique composite qui domine le peuplement (d= 
=4 7, 34%), sui vi par celui des especes minuticoles (22, 70%). CorbuZa gibba est l 1espe
ce leader du peuplement de la station 2 (45,01%), les autres especes important sont 

des poly!!hetes (7) et les bivalves Abra alba et Cardium minimum. Tharyx marioni qui oc 
cupe la seconde place n'a qu'une dominance de 10,76%; Audouinia tenta.aulata est troi-
sieme (7 ,48%). Sur les 10 premieres especes de cette station 2, 5 sont indicatrices 
de milieu perturbe: C. gibba, A. tentaauZata, A. alba, Prionospio airrifera et Hydro
ides norvegiaa, elles constituent le groupe ecologique dominant (d=60, 74%), le second 
groupe est celui des minuticoles (d=l3,20%). 
Le peuplement de la station 3 est domine par CorbuZa gibba (3955 ind/m2, d=90,09%), 
suivi par Polydnra aiZiata (d=2,50%). Aces deux especes indicatrices de matiere or
ganique viennent s 'ajouter trois autres ayant les memes affinites ecologiques; Poly
dnra antennata, Heteromastus fiZiformis et Abra alba: ces especes dominent largement 
(93,60%) le peuplement de la station 3. 
Le sept premieres especes de la station 4 sont des polychetes exceptee 1 'especes lea
der qui est CorbuZa gibba (40, 14%). Les aut res principales especes ont des dominances 
beaucoup plus faibles: 6,33% pour PoZydora antennata, 2,82% pour Nainereis laevigata, 
1,05% pour Nereis aaudata (indicatrice de pollution) et 2,82% pour les minuticoles 
Tha.ryx ma:t>ioni et T. muZtibra:nahis. Les phoronfdiens sont quantitativement important 
au sein de ce peuplement (36, 26%), mais le groupe dominant est encore ce lui des indi
catrices de milieu perturbe (49,27% pour C. gibba, P. antennata et aiZiata, N. aauda
ta, SaoZeZepis fuliginosa et Capitella aapitata). 
Le d€versement d 'eaux use.es et les activites portuaires ant pour consequence une per
turbation du milieu et notamment un enrichissement en matiere organique. Cet enrichi~ 

sement favorise l 'installation et la proliferation d 'especes indicatrices de matiere 
organique ou de pollution qui dominent le peuplement; en particulier C. gibba (sta
tions 2,3,4) et Audouinia tenta.auZata (station 1). 
La diversite specifique reste importante au niveau des stations l et 2, les densites 
sont fortes aus stations 1, 2 et 3; plus faibles au niveau de la station 4. 
Les stations les plus pres de la passe son soumises a l 'influence des eaux du large 
attenuant les perturbations. 
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ABSTRACT 

ETUDE DE LA MICROREPARTITION DES ESPECES BENTHIQUES DE SABLES FINS 

DE LA MIE D1 
ALGER 

A. BAKALEM, H. BOUKELLA et J .C. ROMANO 

ISMAL, B.P. 90, Alger-ler Novembre, Alger (Algerie) 

The microdistribution study of benthic species at four fine sand stations in Algiers 

bay has showed that the specific and dominant species of that· population have a ran

dom distribution, Fischer and Morisita indices of dispersion have been used. 

En fevrier 1985 quatre stations (HD, EH, FA et BK) de sables fins de la baie d 'Alger 

ont €.t€ prospect€.es grace a une benne Van Veen. Pour chaque station 10 pr€:levements, 
representant chacun 1/10 de metre earn~~ distribues au hasard ont ete realises, soit 

un metre carre preleve par station. Ces quatre stations (profondeur 10 metres) sont 

localisees dans le peuplement des sables fins (SF) defini par Bakalem (1979). 

Notre etude de la distribution des donnees se base sur deux papametres: la moyenne 

m et la viariance v. Les indices auxquels nous avons recours pour tester la distri
bution de nos donnees par rapport a une distributions aleatoire (modele de Poisson) 

sont les suivants: 
- indice de Fisher d=v/m, la significations des 8carts est donn€.e par le test du ~2 . 
- indice de Moris ita Is= nr x2- tx oil n est le nombre de pr€:l€vements et r X 1 'ef-

fectif total. 
On teste 1 'hypothese nulle d'une distribution de Poisson au moyen du test F (pour 

ddl 1=n-l et ddlz=l:O). 
Les resultats concernant le nombre d 'especes recensees, la densite et le nombres des 

especes ayant une repartition au hasard ou contagieuse pour chaque station sont re

groupes dans le tab leu suivant. 

Station HD EH FA BK 

Nombre d 'especes recencees 41 47 49 46 

Deilsit€.s (ind/mZ) 527 1371 835 831 

Nombre d 'esp€:ces ·a repartition 

au hasard 18 17 22 11 
Nombre d 'especes a repartition 

contagieuse 

Pour la station BK les tests indiquent une tendance a la contagion pour 7 especes 

parmi lesquelles deux especes dominantes Lwnbrineris impatiens et Venus gallina. 
Les valeurs de l 'indice de Morisita de Nephthys hombergii et de N. cirrosa sont les 

plus fortes. L 'hypothese de la repartition au hasard concerne les especes peu abon

dantes exceptees Owenia fusiformis, Dosinia lupinus et Glycera convoluta (dont les 

densites sont comprises entre 28 et 38 ind/m2). 

Venus gallina et Lumbi'ineris impatiens, especes leader de la station FA, ont une re

partition contagieuse alors que celle des deux especes caracteristiques 0. [usiformis 
et G. convoluta est al€.atoire. 

Six des especes dominantes de la station EH: Prionospio cirrifera, Spisula subt:runea
ta, Phovonis sp, Prionospio caspersi, Lwnbrineris impatiens et Cirrophorus branchatus 

pr€sentent une distribution contagieuse. L 'ensemble des esp€:ces r€.parties au hasard, 

sauf Owenia fusiformis, Tha:Pyx muZtibranchis, Venus gallina et Glycera convoluta,ont 
de failables effectifs (moins de 20 indfm2). 

Les especes dominantes de la station HD, Owenia fusiformis et Venus galZina, ont une 

repartition au hasard. 

Au niveau des sables fins de la baie d 'Alger les tests statistiques montrent une te~ 

dance vers une repartition au hasard des esp€:ces macrobenthiques. La repartition de 

ces especes est liee a leur densite, liaison deja signalee pour le benthos par Eliott 

(1977), et cela pour toutes les stations. 

Les indices d 1 agr€.gation indiquent une r€:parti tion au hasard pour les especes carac

teristiques et dominantes du peuplement des sables fins: Venus gallina, Owenia [usi
formis, Glycera convoluta, Dosinia lupinus et Tharyx multibranchis. 
L' espress ion graphique des indices de Fisher e t de Morisi ta en fonction du logari

throe neperien de 1 'abondance total permet de mieux preciser la distribution au ni-

veaux des stations; elle met en evidence: 

- un seuil inf€:rieur d'abondance a partir' duquel la contagion est d8cel€:e 

- que pour des abondances ;sr.up8rieures a 20 individus il existe un intervalle 

(30-180 individus) oil seule la repartition au hasard est decelee; soit on a une re

partition au hasard veritable, soit une repartition "en agregats a l 'interieur: desquel 

les individus ont une repartition au hasard. Seul un ajustement sur un mod€le th€or!_ 

que peut trancher (Eliott, 1977). 
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B-VIII3 
ASSESSMENT OF DEGREE OF POLLUTION ON THE MS!S OF MA.CROZOOBENTHOS IN ELEFS!S MY 

A. ZENETOS and C. BOG DANOS 

National Center for Marine Research, Hellinikon (Greece) 

urelJ.e•;emeJn:s saisonniers de la faune benthique, effectues durant 1 gg::, dans 
ont montre une extension de la zone 

1 1 emissaire central de la ville d' 

Elefsis Bay, an anoxic basin in the Saronikos Gulf, Greece, accepts dom2st ic 
effluents and decomposable by-products of industrial origin. Benthic studies in E · 
lefsis Bay in the winter and the summer of 1977 (Zarkanellas and Bogdanos, 
showed that the pollution induced oxygen deficiency was the controlling factor 
seasonal changes in both number of species and individuals ( Zarkane llas, 1979) . 

With a view to assessing the changes since 1977, four cruises took place du
ring 1985 (~lay, July, September, December), within the frame of the ongoing Elefsis 
System Project. The macrobenthic fauna at 10 stations (the same ones with those of 
Zarkanellas J, was sampled with a Smith-Mcintyre grab 0,1 mZ (Holme and 11cintyre, 1971). 

On the whole 5733 1ndividuals were examined with belonged to 157 species. 
The overall number of species dropped dramatically from May ( 134 sp,) to September 
(45 sp.) to rise slightly in December (55 sp.), 

A trend for increase jn number of species towards the western opening st. L, 
M, N was evidenced clearly in Table 1, throughout the year. 

~~ 
! 

E F G H I J K L M I N Total Months i 

I 

!May '85 6 24 31 16 11 15 21 67 61 1 56 134 

I 
July '85 0 1 6 1 1 1 l 23 32 

12~ 
45 

1Sept.'85 0 1 11 7 0 0 0 12 16 45 
Dec. '85 1 1 2 22 1 0 0 5 19 21 55 I 

I 
T a b 1 e 1. Number of species per station for 

each cruise. 

On the contrary st. E, F and G near the mouth of the outfall, poor in number of spe
cies in May, becctn"" almost azoic in July, September and December. 

TI1e pattern was distored concerning the num1·er of specimens (Table 
few pollution-tolerant opportW1istic species such as Capitella 
fuZiginosa and PoZydora antennata (Pearson and Rosenberg, 1978). 

3389 1033 
55 55 

520 1840 
60 880 130 

Scolelepis 

T a b l e 2. Number of specimens/mz per station for 
each cruise. 

The fonnula of Sharmon-Wiever (H =-I~=Jpilog:2pil was employed for the calcula
tion of the Diversity Index (Shannon and Weaver, 1963). 

On the basis of purely faunistic data, and given that the diversity indices 
give an objective and very conclusive measure for the state of pollution, 4 zones of 
pollution are delimited, as given below. 

Months I A z o i c Polluted Subnormal NoTI!lal I 
d ( 2,3 2,3 <d<4 d) 4 

May • 8s I I, E F, H, J, K G, L, M, N 
July '85 I E, F, I, J, K, H G L, M 
Sept. '85 E F I, J, K G, H, L M N 
Dec. '85 E: F: I, J, K G, L M H, N 

-

Conclusively, the azoic zone defined by Bellan (1967 a, b) and described in E
lefsis Bay by Za:rkanellas (1979) has expanued 'the last 8 years to include stations 
E and K previously found outside the azoic zone. In this study it is clear that 
throughout the summer and until December, there is an extensive azoic zone where the 
m::>uth of the outfall is and in the neighbouring sludge field (stations I, J and K). 
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ABSTRACT 

FLUCTUATIONS PLURIANNUELLES D'ABONDANCE, B!CMA.SSE ET PRODUCTION DE 

SP!SULA SUBTRUNCATA (i"bLLUSCA BIVALVIA) 

R. AMBROGI 0 et A. OCCHIPINTI AMBROGI 00 

0 ENEL-CRTN, Via Rubattino 54, Milano (Italia) 
o o Dipartimento di Genetic a e Microbiologia, Sezione Ecologia, Piazza 

Botta 10, Pavia (Italia) 

Size-frequency analysis was used to study the life history and production of 
a population of Spisula subtruncata (da Costa) inhabiting the Well-Sorted 
Fine-Sand Biocenosis in the area facing the Po river Delta. The life cycle is 
normally annual with a very variable recruitment in the summer months. 

The production estimates, calculated for 4 successive years, show wide 
variations depending on the success of the recruitment. This latter does not 
appear to be correlated to any of the environmental parameters measured. 

Une etude detail lee de la production secondaire de Spisula subtruncata ( da 
Costa) dans la region du Delta du Po (Ambrogi et Occhipinti Ambrogi,l985) a 

montre des donnees tres elevees pendant un cycle annuel de prelevements 
effectues chaque mois dans une station fixee a la profondeur de s metres. 

Nous avons profite du materiel recolte pendant 4 annees dans la meme zone 
avec periodicite saisonniere pour evaluer la stabilite dans le temps de cette 
population, qui constitue une fraction importante de la biocenose benthique 
etablie sur les fonds meubles de 1 'Adriatique face au Delta. 

Les prelevernents ont ete effectues en duplicat en 3 stations a 1 'aide d' une 
benne Van Veen et tamises sur une maille de 1 mm de cote. Les individus de 
S.subtruncata ont ete denombres et mesures au mm pour etablir des histogrammes 
de frequence de taille. Une droite de regression poids-longueur a ete ajustee 
pour chaque prelevement. On a calcule ainsi la biomasse (poids sec decalcifie 
libre de cendres) et la production secondaire par la methode de summation des 
accroissements de poids (Crisp, 1984). Pour 1982 on a utilise les donnees deja 
publiees (Ambrogi et Occhipinti Ambrogi, 1985). 

Les fluctuations d 'abondance de Spisula subtruncata sont bien connues (p.e. 
Cattaneo et Masse, 1983), soit a 1 'echelle saisonniere, avec des densites tres 
fortes a pres le recrutement estival et des mortalites massives pendant 1 'hiver, 
soi t a 1 'echelle pluriannuelle avec des annees a fort recrutement et des annees 
tres pauvres. Les donnees que nous presentons (Tab.I) montrent aussi une 
variation importante des valeurs moyennes d 'abondance pendant les di verses 
ann€es, mais des variations de biomasse rnoyenne beaucoup mains accus€es. 
Ceci n 'indique pas d 'ailleurs une plus grande stabilite de la population, 
puisque cette biomasse est tres variable dans les diverses occasions 

d 'echantillonnage et les individus peuvent avoir des tailles tres differentes. 
Une consequence importante de ces differences de repartition en classes d 'age 

des individus de Spisula subtruncata est montree par les valeurs de production 
secondaire, qui peuvent doubler d'une annee a 1 'autre, et par les donnees de 
P/'B, allant de 2.06 a 4.80. 

Il est interessant de noter que la partie de production realisee par les tres 
jeunes individus (a partir de 1 'ete jusqu'a la fin de 1 'annee) est maximale dans 
les annees de plus faible production. Done pour les plus hautes valeurs de 
produ~tion il est n€cessaire d 'a voir la concomitance d 'un recrutement tr€s 
important et d 'une survie de la population pendant 1 'hiver. Ces deux conditions 
se sont verifiees en 1981, tandis qu 'en 1982 les valeurs de production sont dues 
a la cohorte recrutee 1 'annee pn?c8dente. 

Les parametres du milieu qU:e nous avons controles (temperature, salinite, 
teneur en oxygene dissous, granulometrie, matiere organique dans le sediment) ne 
montrent de relations significatives ni avec la densite des jeunes individus, ni 

avec la mortalite des adultes. 
En conclusion, les donnees de production et de P !"b permettent d 'a voir des 

parametres plus adequats pour decrire la structure relative d' une population, 
par rapport a la simple comparaison des donnees d. a bon dance et de biomasse. 

Tab. I - Abondance et biomasse moyennes, production et rapport production / 
biomasse moyenne dans trois stations a la profondeur de 5 metres. La 
derniere colonne indique la proportion de la production realisee par les 
indi vidus recrutes pendant 1 'ete. 

1980 

1981 

1982 

1983 

REFERENCES 

Abondance 

N/m 2 

1271 

2832 

552 

991 

Biomasse 
g/m 2 

11.75 

9.92 

11.03 

8.68 

Production 

g/m2/an 

24.22 

47.60 

42.13 

26.50 

P/B 

2.06 

4.80 

3.82 

3.05 

% Production 

Classe 0 

90 

7l 

l7 

99 

AMBROGI R. et A.OCCHIPINTI AMBROGI, 1985 - The estimation of secondary 

production of the marine bivalve Spisula subtruncata (da Costa) in the area 

of the Po river delta. P.S.Z.N.I : Marine Ecology, 6 : 239-250. 
CATTANEO M. · et H .MASSE', 1983 - Importance du recrutement de Spisula su'btruncata 

(da Costa) sur la structure et les fluctuations d 'un peuplement benthique. 
Oceanol. Acta, N .SP, Actes du l7eme Congres Europeen de Biologie Marine, 

Brest 27 September - 1 Octobre 1982 : 63-67. 
CRISP D.J., 1984 -Energy flow measurements. In: N.A.Holme et A.D. Mcintyre 

(Eds.), Methods for the study of marine benthos. IBP Handbook n°16. 

Blackwell Scientific Publication (2eme Ed.): 284-372. 
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B-VIIIs 
A PRELIMINARY ACCOUNT OF A PROBABLE NEW BENTHIC CCM-1UNITY ALON:i THE LIGURIAN CoAST 

G. RELINI 0 and G.D. ARDIZZONE 00 

o Laboratori di Biologia Marina ed Ecologia Animale, Universita, Genova (Italia) 
oo Dipartimento di Biologia Animale e dell'Uomo, Universitd., Roma (Italia) 

RESUME' 
Une description preliminaire est donnee pour une connnunaute benthique associ€e a un 
fond de gros galets par 15-25 m de fond, au large des "Cinque Terre". 

The shallow waters off the coast at the "5 Terre" (Eastern Ligurian Riviera) between 
Punta Mesco Promontory and Monte Negro Point were investigated in the autumn of 1985 

with the aim of improving our ecological knowledge and describing the marine cmmnu
nities which will be affected by the constitution of a national park (Ministero Ma
rina Mercantile - ENEA). 
On the basis of bibliographical data, observations made by TV-minisubmarines, mate
rials collected by divers, by drag and by otter-trawling, a preliminary map of the 
benthic communi ties living up to 50 m depth has been produced (Re lini, Ardizzone & 

Belluscio 1986). During the above-mentioned investigations in four zones of the "5 
Terre" (fig. 1) a community that is not listed in the benthic biocoenosis classifi
cation proposed by Peres and Picard (1964) was found between 15 and 25 m depth. The 
substrate is mainly characterized by squat pebbles (5-6 em in length) together with 
sand and mund, probably the remains of an ancient beach. These pebbles, which are 
mainly concentrated off small promontories, are only partially covered by incrusting 
organisms. The most frequent are calcareus Red Algae LithophyUwn incrustans and Fo 
sUeUa zonalis (kindly identified by prof. G. Bressan), Serpulids Spirobanchus po= 
lytrema, Pomatoceros triqueter, Serpula vermicularis and Mollusc Bivonia triquetra. 
In the samples collected by drag (type charcot: 25x60 em opening and 1 mm mesh net) 

the following organisms have been identified: 

POLYCHAETES: Harmothoe sp., Platynereis dwnerili (Audouin & M. Edwards), Pomatoceros 
triqueter (Linnaeus), Polymnia nebulosa (Montagu), Serpula vermicularis Linnaeus, 
Spirobranchus polytrema (Philippi), Sthenelais minor Pruvot & Racovi tza. 

BIVALVS: Clausinella fasciata (DaCosta), Nucula nucleus (L.), Pitar rudis (Poli), 
Pseudcurrussiwn septemradiarum (Mul.), TeUina donacina L., TeUina pulcheUa Lam .• 

AMPHIPODS: AbludomeUta gladiosa (Bate), Ampelisca sp. ,Amphithoe ramondi Audouin, 
Cheirocratus sp., Maera grossimana (Montagu), Microdeutopus sp., Photis longicauda
ta (Bate &Westwood), UrothoepulcheUa (A. Costa). 

DECAPODS: Anapagurus chiroacanthus (Lilljeborg), Athanas nitescens (Leach), Ebalia 
edwarsii Costa, Galathea cenaTToi Zariquiey Alvarez, Galathea intermedia Lilljeborg, 
LiocCIX'cinus arcuatus (Leach), Macropodia rostrata (L.), Maja crispata Risso, Pa.gu
rus cuanensis Bell, Pagurus prideauxi, Parthenope massena (Roux), Pilwrrnus hirtel
Zus (L), Pisidia Zongimana (Risso), Processa macrophtalma Nouvel & Holthuis, Pro
cessa parva Holthuis, Sicyonia carinata Brunnich, Xantho pilipes A. Milne Edwards. 

ECHINODERMS: Coscinasterias tenuispina (Lam.), Paraeentrotus lividus (Lam.), Psamm£ 
chi nus microtuherculatus (Bl v.) , Sphaerechinus granulCIX'is (Lam.) . 

NUDIBRANCHS: FaeeZina sp. 

TANAIDS: Leptochelia dubia (Kryer), Apseudes echinatus O.G. Sars. 

Among the communities of mobile bottoms described off the coast of the "5 Terre" 
(with the exception of the Posidonia bed) this has proved to be the riche<S~i and mo 
st diversified, probably as a result or the heterogeneity of substrate with diffe-

rent granulometry. In our opinion this community is mainly influenced by edaphic 
factor~ such as hydrodynamic forces near the bottom. In fact this community is con
tiguous with the coarse sands and fine gravel biocoenosis that is known to be under 
the influence of bottom currents, and which in this locality has been described by 

Albertelli and Cattaneo (1977). 
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Fig. 1 -Map showing distribution of community of pebbles along the "5 Terre" coast. 
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B-IXI 
OBSERVATIONS ON MERCURY UPTAKE IN PoSIOONIA OCEANICA (l.) DELJLE 

Biancaelena MASERTI and Romano FERRARA 

C.N.R., Istituto di Biofisica, Via s. Lorenzo 26, Pisa (Italia) 

RESUME' - Dans l' etude du cycle biogeochimique du mercure, il apparait important 

etudiere l 'interaction entre Benthos et sediments. Dans ce but, une etude pour 

determiner l 'assimilation du mercure de part de la phanerogam marine Posidonia 

oceanica en deux zones echantillons, est in cours. La distribution du metal a ete 

determinee dans les rhizomes et dans les feuilles. 

The state of the art on the Biogeochemical cycle of mercury in the Mediterra

nean Basin requires, in our opinion, the investigation of the interaction between 

Benthos and sediment, in order to assess the role of these organisms in making the 

metal bioavailable in the marine environment (Ferrara and Maserti, 1986). 

It must be pointed out, in fact, that in large areas of Mediterranean Basin 

sediments are rich in mercury because of the presence of notable geochemical anom

alies. As Posidonia oceanica prairies represent one of the most important ecosys

stems in the Mediterranean (Boudouresque et Meinesz, 1982), a study of the mercury 

uptake in this marine phanerogam is in progress. 

Posidonia oceanica was collected in two areas, together with the related sedi

ment and seawater: the investigation area, in front of a chlor-alkali plant (R. 

Solvay - Italy), presents a high level of mercury in the sediment (0.57 pg/g) ,while 

the control area (Isle of Corsica) shows a lower content (0.02 )lg/g). 

The plant was mineralized by a mixture of HN03 and H2so4 (1:1) at 120°C for 

1 hour under reflux and analysed by Atomic Absorption Spectroscopy. 

The sediment was mineralized by HN0 3 at l20°C for 1 hour under reflux and ana

lysed by Atomic Absorption Spectroscopy. 

The seawater was filtered and photo-oxidized for 15 min. at pH 1 and the mercu

ry content was determined after a preconcentration step on gold trap by Atomic 

Fluorescence Spectroscopy (Seritti et al., 1980). 

An examination of the results of the measurements in these marine phanerogams, 

reported in table l, allows us to draw the following conclusions: 

- A mercury distribution exists in Posidonia oceanica collected in the studied 

areas. Higher levels were observed in the rhizomes (without roots and scales) 

and in the middle part of the leaves where photosynthetic activity is more 

intense. The lowest values were measured in the basal part. 

- Posidonia oceanica grown in the sediment rich in mercury shows a higher content 

of the metal (0.19 pg/g) with respect to that from the control area (0.03 pg/g~. 

- The concentration of the dissolved form of mercury in seawater ranges from 

7 - 9 ng/1 for the two examined areas. 

R. SOLVAY ISLE of CORSICA 
chlor-alkali plant 

n. Hg Hg 

SEA WATER 20 8.1 ng/1 10 7.5 ng/1 

SEDIMENT 10 0.57 pg/g 0.02 pg/g 

RHIZOME 20 0.17 0.02 

BASAL PART 20 0.05 0.003 

MIDDLE PART 20 0.19 0.03 

TOP PART 20 0.13 0.02 

Tab.l -Mercury concentration in Posidonia oceanica and in the related 

sediment and seawater. 

n. = number of samples. 

- The high difference of mercury content in sediments appears correlated 
to that measured in the rhizomes. 

These observations indicate that the mercury uptake in Posidonia oceanica 

could occur mainly through the root system. This is probably the primary path

way of mercury in this plant, but it is not possible to exclude that the metal 

can also be taken up from the water at a lower rate by the leaves. 

To substantiate these hyphotesis laboratory experiments are at present in 

progress. Cultures vessels, divided in two parts by a diaphragm, have been 

realized to allow the growth of leaves and rhizomes in cultures media with 
different mercury concentrations. 

The uptake of this metal by Posidonia oceanica, observed also by Augier 

et al. (1984), suggests a possible use of the plant as bioindicator for 
mercury pollution. 
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B-IX2 
RECENT ADVANCES IN KNOWLEIXJE OF AAISTEUS ANTENNATUS BJOLCGY 

F. SARDA 

Institute de Ciencias del Mar, Paseo National s/n, Barcelona (Espana) 

RESUME: Pendant l' annee 1986 on a accompli les suivants aspects de la biologie 
de APisteus antennatus Risso, 1816: 

1) On a reussit a la maintien en captivite pendant 26 jours~ 
2) Pendant ce temps on a observe 3 mues d'un tota1 de 35 exemplaires. 
3) Quelques larves, zoeas II et III, on ete capturee. 
4) Le recruternent a lieu pendant 1 'automme. 
5) Pendant les mois d 'abril at mai on a observe une reduction du rostre 

des males. 
6) On a analyse le contenu en calcium a divers tissus, en relation avec le 

cycle de mue. 

Biology of Aristeus antennatus Risso, 1816 (Decapoda: Penaeidae), has been recently 

studied by RELINI-ORSI (1979, 1980) and SARDA & DEMESTRE (1984, 1985) and currently, 

these studies are being continued. During 1986, further investigations took place 

about new aspects summarised in the following points: 

1) It was posible to maintain these prawns in captivity, (caught by trawl from 700 m 

depth). Open and closed water circuits were used. Temperature was maintained be_!. 

we€n 13 and 14~ C, salinity was near 36'~ 1 '5, pH = 7'65 and total darkness. Ho

wever, in these conditions, the mortality rate was high, but some individuals 

survived several weeks. During this period, these specimens remained on the bo!_ 

tom of the tank and rarely ate. All specimens are females. 

2) During the captivity period (April-May, 1986), three moults were observed.The o!?_ 

servations were made in individuals dying during ecdysis process. No external 

si.gns were observed prior to ecdysis. One can suppose that the ecdysis occurs in 

a few minutes. The spermatophor was lost attached to the old carapace in these 

cases, this implied that the males must couple with the females continously du

ring the maturity period,because all females (near 100%) transport spermatophor 

between May and August (Sarda & Demestre, 1985). 

3) Larvae of this species have·been collected. They were found on the surface with 

300 J.l mesh (zooplancton net) ,between July and September from a depth of 500 m. 

The larval stages, identified by Fuste * and Tunesi (Ist. Anat. Camp. Univ. di 

Genova), were: 2 zoeas I, 5 zoeas II and 3 zoeas III. The larvae correspond those 

described by Heldt (1955) , however, other verification methods are necessary 

(genetic or proteinic methods). 

4) Recruitment presents the highest values in autumn on the Catalan coast (NE of 

Spain). The highest proportion of young AT'isteus antennatus, awear from September 

until January. The high proportion of young, between February and April, is due 

to recruitment of both, first and second year males, were not separated. Due to 

different growth patterns present in males and females, recruitments have been 

studied separately. We considered recruits females upto 25 mrn Lc and males upto 

22 mm Lc. 

5) Rostrum males decrease in length during April and May. Correlation between males 

growth and shortage rostrum is observed. There is a period where the frequency 

of reduction rostrum is maximum. This period appears between April and May coi~ 

ciding with couple period during the first year of life of the males. 

6} Observations of calcium variance and amount in different tissues were made. Cal-

cium percentages are nearly half the amount as observed on very calcified spe

cies (Sarda, 1984). One can observe correlation between the amount of calcium in 

differents tissues {Haemolimph, hepatopancrea:'s, carapace, stomach and gastric 

mill). 

NOTE.- The above points are still being studied and the results are provisional 

and may be modified. 
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ARSENIC GEOCHEMISTRY IN THE NoRTHERN SARON I KOS GULF, GREECE 

M. ANGELIDIS 0 and A.P. GRIMANIS 

Radioanalytical Laboratory, Chemistry Department, NRC Demokri tos, Athens (Greece) 

opresent address : College of r-tarine Studies, University of Delav1are, Newark (USA) 

Sequential extraction techniques were used for the geochemical fractionation of 
As in polluted and non-polluted sediments of Northern Saronikos Gulf, Greece. Most 
of the As concentration in the polluted sediments was found in the "Fe/Mn oxides" and 
"organic matter/sulfides" fractions, while in the non-polluted sediments, most of 
the As concentration was found in the "lithogenous" (residual) fraction. 

INTRODUCTION 

Northern Saronikos Gulf receives the combined domestic and industrial effluents 
from the greater Athens area mainly through the Athens Sewage Outfall (ASO). The 
effluents of a fertilizer Plant (fP) are also discharged in the same area. Previous 
investigations (Grimanis et al. 1977, Angelidis et al. 1982) reported high As concen
trations in the sediments near the ASO and the FP. 

In order to determine the partitioning of As among different geochemical fractions 
in· the sediments, we used a procedure proposed by Salomons and F1lrstner (1980), 

an extraction with acidified hydroxylamine hydrochloride (reducible frac
tion) selectively dissolves Fe/Mn oxijes, and an extraction with acidified 
hydrogen peroxide (oxidizable fraction) which dissolves the organic matter and the 
sulfides present in the sediment. The As remaining in the residue after the extrac
tions should be considered as detrital (residual fraction). 

METHODS 

Surf ace sed irnent samples from N. Saronikos Gulf were treated with acidified 
hydroxylamine hydrochloride and acidified hydrogen peroxide. Each subs ample taken 
from the treatment (i.e. reducible, oxidizable and residual fractions) was analyzed 
for As, using INAA (Grimanis et al. 1977). 

RESULTS AND DISCUSSION 

In all stations except Stations ~. 5 and 6, the residual As concentration is 
relatively constant (17 to 25 ug/g). The sediments at Stations ~. 5 and 6 have high 
As concentrations in the residual fraction ( 1150 ug/ g, 80 ug/ g, and 42 ug/ g, respec
tively), which should be attributed to the solid wastes discharged from the FP 
during the last few years. 

High As concentrations were found in the reducible and oxidizable fractions of 
the sediments from Stations 5 and 6, near the ASO. The relative partitioning of As 
in those sediments was: 51% in the reducible fraction, 33.1% in the oxidizable 
fraction, and only 15.9% in the residual fraction. In the non-polluted sediments, 
five miles from the ASO, 67.5 to 89.4% of As was in the residual fraction. 

In the non-detrital (i.e. the reducible and the oxidizable) fraction of Stations 
9, 10, 11 and 12, the As concentrations range from 9.3 to 13.8 ug/g, while in Stations 
6, 7 and 8, the As concentrations in the non-detrital fraction are higher (215 JJg/g, 
61 ug/g, and 47 ug/g, respectively). 

It is suggested that the As-rich suspended particles from the ASO/FP effluents 
are transported west, towards the Keratsini Bay, by a cyclonic movement of the· water 
masses of N. Saronikos Gulf, affecting the non-detrital As concentration of the 
sediments of the area. 

E' igure 1. 
Sampling Stations 

The geochemical fractionation used shows considerable differences in the partition
ing of As between polluted and non-polluted sediments of the Northern Saronikos Gulf. 

In the polluted sediments near the ASO, the Fe hydrous oxides and Mn oxides are 
the most important carriers of As, ...,hile the detrital fraction contains the greater 
part of As in the non-polluted sediments. 

There is an influence of the ASO and FP effluents on the non-detrital As concentra
tions of the Keratsini Bay sediments, which could be attributed to a cyclonic movement 
of the water masses of Northern Saronikos Gulf. 
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C-2 
QUALITI~ DE LA MATIERE ORGANIQUE EN RAPPORT AVEC 

LA C0'1PLEXATION DES METAUX POUR DES SEDIMENTS 

PRELEVES EN BOUT D'EMISSAIRES D
1
EAUX URBAINES USEES 

C. BENAMOU, M. RICHOU et J. BENAIM 

Labor a to ire de Recherche de Chimie des OrganomEtalliques, 
Universite de Toulon, La Garde (France} 

Absract: Marine sediments from 3 different sites of the French 
mediterranean littoral receiving municipal sewages are studied.The 
organic substances are extracted,fractionated and analysed.Their 
potential ability to complex metals are evaluated by polarographic 
techniques. Fluorescence of extracted humics is measured at different 
concentrations and pH with the view of their titration in 
interstitial waters. 

Dans le cadre d'une campagne pluridisciplinaire d'etude de 
l'influence d'apport de polluants terrigenes sur les sediments marins, 
plusieurs sites de la Cote d'Azur ont ete etudies. 

Cette etude comparative a permis la mise evidence de 
differentes qualites de sediments par rapport au type de rejet et 
notamment la comparaison des capacites complexantes globales par 
rapport au cuivre des eaux interstitielles de ces sediments.(!) 

Il semble interessant de preciser le role de la matiere 
organique dans la complexation des metaux et de voir si ce role peut 
etre caracteristique d'un type d'emissaire. 

Dans ce but nous avons tente d'analyser les differentes fractions 
contenues dans la matiere organique totale a partir d'echantillons de 
sediments. 

La matiere organique labile (lipides,proteines,glucides)est 
evaluee par differentes techniques (2).La matiere organique complexe 
est extraite ,purifiee et fractionnee en acides fulviques,acides 
humiques et humines en fonction de leurs solubilites a differents pH 
par des solvants mineraux.(3) 

Le rapport (Matiere organique labile/Matiere organique complexe) 
et les potentialites enzymatiques mesurees dans ces deux parties 

sont lies au d~gre de transformation de la matiere organique en 
chaque point de rejet.Les analyses elementaires des differentes 
fractions de la matiere organique permettent de differencier les 
sites. 

Enfin,la mesure de l'intensite de fluorescence (longueur d'onde 
J'excitation a 370 nm) pour divers etalons d'acides fulviques et 

d'acides humiques obtenus par extraction chimique est effectuee a 
differents pH et a differentes concentrations. 
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Ces resultats permettent une approche du dosage des acides 
fulviques et humiques presents dans les eaux interstitielles. 

Les valeurs obtenues pour quelques capacites complexantes 
globales par rapport au cuivre de substances humiques remises 
solution sent discutees. 
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C-3 
TRACE METALS IN THE WATERS FROM THE SIBENIK 

AND THE l<oRNATI IsLANDs AQUATORILM 

Marko BRANICA, Zeljko KWOKAL, Zeljko PEHAREC and Sonja KOZAR 

Center for Marine Research, Rudjer Boskovic Institute, 

Zagreb, Croatia (Yugoslavia)_ 

The toxic trace metal concentration levels in the seawater are rather low. 

A reliable determination is very important due to the adsorption/desorption 

of trace metals from seawater on sediments and their accumulation in sea 

organisms. The concentration of dissolved copper, lead, cadmium and zinc in 

the Krka river estuary, coastal waters from the Sibenik area and the open 

seawater as reference location was studied. 

In order to achieve unbiased results it is essential to realize sampling 

procedure as well as the whole sampling treatment without contamination and 

loss. The concentrations of cadmium, lead and copper have been determined 

simultaneously by differential pulse anodic stripping vel tammetry (DPASV) in 

connection with a thin film electrode (TFE) at pH=8 for "ionic" forms, and 

at pH=2 for the "total" metal dissolved after acidification (Magjer and Bra-

nica, 1977; Branica et al., 1985). The concentration of zinc has been determin-

ed by DPASV with hanging mercury drop electrode (HMDE) at pH=8 and at pH=4. 7 

in acetate buffer. 

In Table 1 the average concentrations of "Ionic" and "total" dissolved Cd, Pb, 

Cu and Zn in ng dm -
3 

from the R/V "A. Mohorovicic" cruise, 1980, in the Lim 

Channel, 1979, and the Sibenik aquatorium for the estuary samples, E, coastal 

samples, C, and reference location, the Kornati Islands, R, from July 1983, to 

May 1986 ( 13 sampling cruises for E and C locations and 7 sampling cruises for 

R locations) are presented. 
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Table 1 Comparison of the results of the average concentrations for trace 

metals (ng dm-3 ) in the Adriatic Sea 

Metal 
Locations 

Cd Pb Cu Zn 

R/V "A. MohoroviCiC" 
Jan. 1980 

"Ionic" (pH 8) 4 47 90 1,800 

"Total" (pH 2) 7 71 240 
(pH 4.7) 3. 700 

Lim Channel 

June 1979 

"Ionic" (pH 8) 3 30 200 1.210 
"Total" (pH 2) 15 130 400 

(pH 4.7) 2.170 

Sibenik aquatorium 

Estuary 1983-86 (E) 

"Ionic" (pH 8) 8 41 86 460 
"Total" (pH 2) 14 136 216 

(pH 4.7) 730 

Coastal (C) 

1983-86 

"Ionic" (pH 8) 10 35 54 470 
"Total" (pH 2) 17 123 200 

(pH 4.7) 790 

Reference lee. 

Open sea 1983-86 (R) 

"Ionic" (pH 8) 10 186 111 530 

"Total" (pH 2) 15 243 265 

(pH 4.7) 910 

From the comparison of tht;! average concentration values for trace heavy metals 

( Cd, Pb, Cu and Zn) in the Sibenik aquatorium one can conclude that this location 

is practically unpolluted. Distribution of particular data spread over the investi

gated area show specific patterns which will be discussed in detail. 
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C-4 
SALINITE ET MACROIONS CONSTITUANTS DES EAUX MARINES 

DU LITTORAL ROOMA!N DE LA MER NoiRE 

Adriana COCIASU 

rnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

Sur tout le plateau continental roumaln de la mer Noire, on s 1 aper~oit de 11 effet 

puissant de certaines sources importantes d' eau douce concentr6es au cOin nord-ouest 

du bassin, C 1 est pourquoi 1a salinit~ des eaux se caract~rise par une variabilit~ ~vi

dente en espace ,_ ctC a la fa9on diff~rente de formation des masses d 1 eau r~sult~es du m~-

1ange des eaux deuces, d~vers~es par les fleuves, avec celles .marines, so us 11 action 

d~terminante du r~gime ~alien. Ll areal Constantza, bien que situ~ dans la partie sud du 

littoral, caract~rise l' ~tat g~n~ral d 1 instabilit~ de la zone, sa principale variable ~tant 

la salinit~. 

Les recherches syst4matiques, commencees des 19 59 et qui continuent encore, 

ont mis en 4vidence un large spectre de valeurs pour la surface, entre 4,83%o dans les 

conditions exclusives des vents de nord-est qui d4placent les eaux flueviales au long des 

c~tes, et maximum 19, 34%o d1'! au ph4nomene d' upwelling, G4n4ralement, les situations 

pr4sent4es constituent des cas isol4s, les moyennes mensuelles att4nuant les variations 

de br"eve dur4e d4termin4es par le vent; les limites habituelles sont plus restreintes, 

10,42-18 ,68%o. La r4partition des valeurs de la salinit~ par classes de concentrations, 

seron les donn~es quotidiennes prises dans 1' intervalle 1959-1985, d4signe, pour la zone 

cctti~:.:-e de Constantza, la plus grande fr4quence des valeurs de 1 3-17%o, la moyenne 

multiannuelle 4tant 1 5, 16%. 

Les grandes oscillations de la salinit4 impliquent de grandes amplitudes de vari

ation des macro-ions constituants, dont les limites de variation pour la p4riode 1973-1981 

sont pr~sent4es dans le Tableau 1 • 

Tableau 1 - Valeurs-limite des macro-ions (g/1), enregistr4es a Constantza 

K . +1 Ca +2 Mg +2 

Minimum 5,44 0,002 0,112 0,770 2,064 0,106 0,104 0,389 
Maximllm 10,60 0,061 0,210 1,475 5,991 0,210 0,346 0,885 

===========-=======---=~-========--------

Nos r4sultats <l_nt~rieur1L ont 4tabli la grande variation en temps et en espace des 

macro-ions, leurs modifications de la concentration refl~tant les particularit&s du r4gime 

de la salinit4. 

En vue d'une pr4sentation suggestive du degr4 d'influence des eaux fluviales dans 

le processus de m4lange avec celles marines' a partir de 11 analyse de 1 500 4chantillons' 

on a calcul4 la structure ionique de la salinit4 pour les diff;;rentes valeurs de celle-ciqui 

caract&risent le littoral roumain,en la comparant Qnsuite avec celle des eaux fluviales(ii) 

et oc4aniques (~)(Tableau 2), 

Tableau 2 - Structure ionique des eaux de la mer Noire dans la zone du. littoral roumain 

s '/ •• 
S/Cl 

Dan11be 

0,014 
0,002 
0,188 
0,030 
0,008 
0,003 
0,053 
0,014 
0,312 
4,487 

0 ~ Mer Noire 
c an J:il:toxal bulgare littoral roumain 

19,366 
0,007 
0,097 
2, 705 

10,722 
0,382 
0,417 
1,297 

34,970 
1,806 

g/1 
8,957 
0,020 
17,170 
1 ,256 
4,915 
o, 175 
0,271 
0,613 

16,377 
1,828 

% 

5,861 
0,030 
o, 150 
0,846 
3,171 
0,108 
0,171 
0,430 

10,'il67 
1 ,837 

8,246 
0,022 
0,171 
1,147 
4,518 
o, 158 
0,224 
0,581 

15,067 
1 ,826 

10,182 
0,017 
0,179 
1,388 
5,595 
0,203 
0,267 
0,700 

18,531 
1,820 

Cl- 1 4,49 55,35 54,68 54,44 54,75 54,95 
co-2 o,64 o,o2 o, 12 o,28 o, 15 o,09 
Hcb3" 1 60,25 0,29 1,06 1,39 1,13 1,02 
SNOaf: 9,61 7,73 7,67 7,86 7,62 7,49 

2,56 30,63 30,00 29,45 30,00 30,20 
K"'" 1 0,96 1,09 1_,07 1,00 1,05 1,09 
ca+ 2 17,00 1,19 1,66 1,59 1,49 1,44 
Mg+ 2 4,49 3,70 3,74 3,99 3,86 3,78 

='1:. --=---1 oo, ~~-=---~ oo, oo -=-1 oo, ~~-=-=~<:~~-~ oo,_?~=~ oo, oo_= 

Les donnees du Tableau 2 mettent en ~vidence qu 1 'a 1' exception des carbonates, 

les concentrations des macro-ions augmentent par la croissance de la salinit~, en raports 

diff4rents et variables, selon le taux des 414ments respectifs clans les deux types d 1 eau 

du m~lange. La composition pourcentuelle y est ~loquente, prouvant qu 1 ';. mesure de la ili

minution de l'influence fluviale et, au fond, de la croissance de la salinite, les eaux lit

torales deviennent plus pauvres en sulfates, carbonates et· bicarbonates de calcium et 

magnesium, s' enrichissant en chlorures de sodium et potassium. Mais, par rapport aux 

eaux oceaniques' les eaux littorales roumaines' avec une salinit~ 2-3 fois plus petite' ont 

un taux sensiblement plus grand de sels sulfat~s et carbonat~s - etat mis aussi en relief 

par les donnees de ROJDESTVENSKI pour le littoral bulgare (2)• 

En conclusion, 1' influence consid~rable des eaux fluviales du coin nord-ouest u.u 

bassin, marquee par la diminution de la salinit~ {la moyenne multiannuelle de 1 5, 1 6 %o 

etant beaucoup au-dessous de la valeur de 18' 5%o' caract~ristique aux eaux superfici

elles du large) et par la teneur ~lev~e en carbonates et bicarbonates de calcium et magne

sium, determine un fort caractere saumil.tre aux eaux littorales roumaines, avec des con

s~quences particulieres sur le regime hydrobiologique de la zone. 
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ADVANTAGES OF DIRECT METHODS IN DETE~INATION OF 

SURFACE ACTIVE SUBSTANCES IN NATURAL WATERS 

BoZena CoSOVIC and Vjero6ka VOJVODIC 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

Analytical problems in analysis of organic matter in natural 

waters arise mainly because of the fact that organic matter 

in natural waters represents a complex mixture of different 

classes of compounds. The method of choice should be enough 

sensitive for direct determination without pretreatment pro

cedure. This is often not only the question of an improved 

routine analysis. A qualitatively different determination 

may result after elimination of different pretreatment proce

dures such as filtration, separation and preconcentration 

that usually cause changes in the composition of organic sub

stances initially present in the sample. 

Recently, polarography and voltammetry have found many fol

lowers in the study of natural and polluted aquatic systems 

because of their simplicity and possibility of determining 

trace amounts of different constituents including adsorbable 

organic substances without labourious analytical procedures. 

Electrochemical methods can be generally applied for the 

determination of surface active substances on the basis of 

the measurements of adsorption effects at the electrode 

surface. The methods are simple, direct and nondestructive so 

that it is possible to analyze number of samples immediately 

after sampling thus avoiding effects that may occur during 

storage of samples and pretreatment. 

Determination of surface active substances by a.c. polarog

raphy will be illustrated for sea surface microlayer samples, 

phytoplanktonculture media and freshwater samples. 
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C-6 
VERTICAL DISTRIBUTION OF SURFACE ACTIVE SUBSTANCES IN SEAWATER 

Bo~ena COSOVIC and Vjerocka VOJVODIC 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

It is now well known that dissolved and colloidally disper

sed organic matter in the sea may influence the physico

chemical state and processes of other organic and inorganic 

microconstituents and pollutants. 

Organic compounds with surface active properties are concen

trated by adsorption processes at phase boundaries of water 

with the atmosphere, solid particles, and sediment and biota. 

Surface active substances, both natural and pollutants, 

modify the structure of the interboundary layers and effect 

the processes of mass and energy transfer through them. 

Adsorption processes have important effects on sedimentation 

and mineralogy, bubble floatation of particles and enrichment 

of organic and inorganic material in the sea surface micro

layer. The distribution of chemical elements in natural waters 

is controlled to a great extent by scavenging, or adsorption 

onto solid surfaces. The role of organic coatings of solid 

particles in the scavenging processes is still the subject 

of controversial interpretations because of the scarcity of 

data on the adsorption effects of different complex mixtures 

of organic compounds, such as the composition of dissolved 

and colloidal organic matter in natural waters. 

So far, physico-chemical properties and the composition of 

surface-active substances have been studied mostly in sea

air microlayer samples. Much less information is available 

on the nature and the amount of surface active material in 

the water column. In addition to specific methods for the 

determination of synthetic compounds such as detergents, 

there has recently been a notable increase in the interest 

and application of nonspecific methods generally intended 

for surfactants or to different classes of surface active 

substances in seawater. 

Surfactant activity data will be presented here as measured 

by a.c. polarography (Cosovic and Vojvodic, 1982) in the sea 

surface microlayer and in samples from open waters of the 

western Mediterranean and Southern Adriatic, which were col

lected at different depths, approximately from 0.5 to 1100 m 

in the Adriatic and from 0.5 to 2600 m in the Mediterranean 

Sea. Surface film samples were taken by Garrett's sampler, a 

16 mesh stainless-steel screen (85x70 em). This sampler col

lects the top 100-150 1um of the water surface. 

It was found that the type and the concentration of natural 

surface active material vary within different Mediterranean 

regions and along the depth profile of the water column. 

The enrichment factors of hydrophobic surfactants in the 

microlayer with respect to adjacent subsurface waters ranged 

from 2 up to 100. 

Surface active substances were .investigated also in the Krka 

estuary, a karstic river estuary, with emphasis on the deter

mination of the horizintal and vertical distribution of 

surface active material at salinity gradients. Samples were 

collected and analyzed seasonally. 

We have not found a correlation of surfactant activity with 

salinity values in the estuarine samples. An increased sur

factant activity has been observed in the mixing zone in 

comparison with samples of both low salinity and high salinity 

values. 

Cosovic, B. and Vojvodic, V., 1982. The application of a.c. 

polarography to the determination of surface active substances 

in seawater. Limnol. Oceanogr., 27: 361-369. 
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UPWARD NUTRIENT FLUX IN THE WESTERN MEDITERRANEAN SEA 

Antonio CRUZADO and Zoila R. VELASQUEZ 

Centre d' Estudis Avano;:ats de Blanes, Cami de Santa Barbara, 
Blanes, Girona (Espana) 

SUMMARY 

In la~9e a~eas of the wo~lds oceans, mainly in t~opical and 

subt~opical zones, the su~face laye~s a~e poo~ both in phytoplankton 

and nut~ients while at some depth a la~ge phytoplankton biomass may be 

found as nut~ients become significant. Deep Chlo~ophyll Maximum !DCM> 

and Subsu~face Chlo~ophyll Maximum !SCM> ar·e te~ms often used in this 

context which. p~obably ~efer· to various phenomena. The depth at which 

' DCN and SCM occur varies f~om 30 m to 75 m though sometimes it may be 

between 75 and 125m. In the Weste~n Medite~~anean, a DCM is usually 

found du~ing summe~ below 70 m. In most cases the DCM is a pe~manent 

featu~e in time. 

DCMs have oft~n been related to phytoplankton biomass maxima 

while direct relationship has been found between chlorophyll maxima 

and photosynthesis maxima, They a~e always ~elated to the •nut~icline• 

and specifically to the "nitracline•, a ~e9ion in which nitrate 

concent~ations incr·ease f~om 0.1 pg-at/1 (often below detection 

limits> to values ran9ing f~om 1 to 5 J!g-at/1. Oxygen and nit~ite 

maxima a~e connected with the DCM but little has been said about the 

fine tunin9 between all these signals. 

Chan9es in Phytoplankton ca~bon/Chlorophyll-a ratio with depth 

and in settlin9 velocity of sinkin9 phytoplanktonic cells when they· 

reach the nitrate-rich waters or lack of 9razin9 pressure due to the 

smallness of phytoplankton cells may contribute to the DCM formation. 

Lack of vertical turbulence is ~equired at the DCM levels, althou9h 

ve~tical motions could be a way of exposing the popu_lation to hi9her 

light levels. The need fo~ a stable thermocline is obvious but often 

the~e is connection between the thermocline and the nutricline. 

Self shading by phytoplanktonic cells may be impo~tant in controllin9 

the DCM depth. Thus the 9~eater the chlorophyll concentrations the 

shall owe~ the DCM should be. 

Theo~etical conside~ations indicate that DCM may be explained in 

ter·ms of upwa~d flux of nutrients, li9ht pe.net~<.>.tion and 9r·azin9 

p~essure. A highly efficient DCM phytoplankton population may be 

~esponsible for all the "new• production and also fo~ maintainin9 most 

of the "regene~ated" production of the surface laye~s. 
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THE ROLE OF SEDIMENT NUTRIENT REGENERATION 

IN THE ElffROPHICATION OF THE VENICE lAGOON 

Danilo DEGOBBIS 0 and Romano DONAZZOL0° 0 

o "Ruder Boskovic 11 Institute, Center for Marine Research, Rovinj (Yugoslavia) 
oo University of Venice, Department of Environmental Sciences, Dorsoduro 2137, 

Venice (Italy) 

ABSTRACT 

Nutrient exchange at the sediment-water interface and primary production dyna
mics in the Venice Lagoon were studied during 1984 and 1985. Very marked gradients 
were observed due to heavy eutrophication impact. Regeneration and release from the 
sediment varied significantly seasonally and nBY play an important role in control
ling nutrient concentration 'in the shallow water column. 

RESUME 

L'<fchange des sels nutritifs a l'interface eau-sediment et la dinamique de la 
production primaire ant ~te ~tudies dans la lagune de Venise en 1984 et 1985.,Les 
gradients de concentration sont tres marques et sent causes par une intense eutrophi
sation. La regeneration dans le sediment peut jouer un role important pour la concen
tration et la distribution des sels nutritifs dans la colonne d'eau. 

INTRODUCTION 

The lagoon of Venice is an enclosed embayment (550 km 2
, avg. 1 m depth) in the 

northwestern Adriatic connected with the open sea through three narrow port entran
ces. The quality of the lagoon habitat is being seriously compromised by the deve
lopment of contrasting human activities, and eutrophication is very intense. Rege
neration in the sediments may represent an important source of nutrient for eutrophi
cation processes (Degobbis et al., 1986a). 

In this paper results on nutrients, phytoplankton primary production, and nutri
ent exchange rate at the sediment-water interface obtained in the Venice Lagoon are 
briefly described and discussed. 

METHODS 

The research was performed at 15 stations distributed in three areas selected 
in. the central part of the lagoon to cover a eutrophication gradient. Area A, loca
ted between the industrial area of the Porto Marghera and the Venice historical cen
ter is the most heavily polluted. Area B, extending sourthward of Venice, is mainly 
influenced by the sewages of the city. Area C, behind the Lido port, is in close 
communication and -directly .e.xchang<;Js, .:j,t~,W¥\W with the open northern Adriatic Sea. 
The measurements were performed during 9 seasonal cruises in 1984 and 1985. Sampling, 
oceanographic parameters and nutrient analyses in water and sediments, as well as 
in situ measurements of the sediment nutrient exchange rate were described elsewhere 
Tfugobbis et al., 1986b) . 

RESULTS AND DISCUSSION 

High chemical and biological gradients were observed in the Venice Lagoon bet
ween the three investigated areas (Table 1). 

Parameter* 

Lagoon water 

t/°C 
sx103 

DOl% sat. 
c(RP)/mmol m-~3 c(TIN)/mmol m 

3 c(Chh~)/mg m=3 -1 
PP ( CJ/mg m h 

Interstitial water 

c(RP)/mmol m-3
3 c(NH

4
)/mmol m-

TABLE 1 

Concentration Ranges 
B 

5.3-26 5.8-25.9 4.7-22.4 
21.0-33.8 28.4-34.1 25.5-34.4 

57-229 61-165 70-133 
0.6-55.3 0.1-3.0 0.0-2.0 

3-174 2-58 4-52 
0.1-51 0.1-49 0.1-2.0 
0.4-186 1.0-42 0.8-20 

1.6-37 0.7-147 0.8-20 
14-216 26-296 4-120 

* t-temperature, s-salinity, DO-dissolved oxygen saturation, c( RP)-reactive phospho
rus, c(TIN)-total inorg<j-~ic nitrogen, and c(Chl ~)-Chlorophyll ~ concentrations, 
PP-primary production ( C uptake rates) 

The nutrient concentrations were much higher in area A, and were at a maximum, 
particularly the nitrogen species, both when salinity was at a minimum (e.g. in Octo
ber) and when biological utilization were negligible (e.g. in February). However, 
in spring and summer the inorganic nitrogen concentrations can be reduced by two 
orders of magnitudes to almost zero values during algal bloans. 

The reactive phosphorus (RP) concentrations although reduced in April remained 

~~!~~!~:1~~~ cC~ ~~e~5 A n!~~o~o~ ~~~/~~~5) 0 In~~:~~e~~ ~~~ ;~h~;n~:~ ~~eas, 
particularly in area C, the concentrations of this nutrient were always very low. 
Comparing RP values between the lagoon and interstitial water of the surface sedi
ments revealed similar spatial and temporal trends. Exchange of phosphorus between 
the interstitial and the overlying waters may be the mechanism by which the sediments 
control, to a large extent, the reactive phosphorus content of lagoon waters. 

Nutrient release rate from the sediments also varied seasonally. In June, Jul~ 
a:Y.9 October nutrient releases occurred at detectable rate (up to 24 and 1.6 mmol m
d for TIN and RP, respectively). In February and April no significant release was 
observed. The seasonal cycle of the organic TIB.tter is probably the most important 
process driving nutrient exchange at the sedimet-water interface. 
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BIODEGRADATION KINETICS OF LINEAR ALKY~ENZENE SULPI-()NATE 

(lAS) IN SEAWATER 
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The biodegradation kinetics of commercial linear•alkylbenzene sulphonate 
(LAS), the major sur.factant used in household detergents which was added 
to seawater samples ori9inating from the nonpolluted open sea and polluted 
area of Rovinj harbour (Fig. 1) was investigated. Commercial LAS (Prva 
Iskra-Baric) contains 20 or· more isomers and homologues, has an average 
molecular weight of 342 and an alkyl chain length of c9- C 14 , most of 
them C 

1 
and C 

1 
. The biodegradation kinetics is expressed as the 

primary biodegratfation, which was determined by the methylene blue active 
substance method (MBAS method, Longwell and Maniece modification) and 
as biodegradation of benzene-ring c~ntaining breakdown PfOducts,. which was 
determined by the spectrophotometric method at 223 nm • Expenments were 
performed in batch culture under the temperature comparable t?i seawater 
temperature by using the method similar to the river water test • In order 
to compare the activity of bacterial culture from the polluted and nonpol
luted area colony counts were performed by spreading the appropriate 
dilution of seawater with bent sterile glass rods on the surface of ZeBell 
agar. The results of biodegradation ~~eriment were interpreted on the 
basis of an exponential decay model • • 

Table I. Kinetics of primary LAS biodegradation determined by MBAS 
method during the batch culture experiment in seawater from 
Rovinj harbour. 

LAS cone. 
(mg/1 MBAS) 

Sampling Initial bact. Lag time Rate canst. Half life 
(day -I) (day) location cone. !CFU/ml) (day) 

9.0-10.0 harbour 

10 
open sea 

18.5-20.5 harbour 
open sea 

15.0-18.3 harbour 
open sea 

15
_
0

_
18

_3 harbour 
open sea 

130.000 
8.300 

750.000 
720 

640.000 
2.500 

640.000 
2.500 

8.1! 2.6 

2.5! 1.2 

2.1 !o.8 
11.5! 3.4 

2.1 !o.l 
5.8! 1.0 

o.l6 !o.o8 

0.57! 0.10 

1.05 !o.o5 
0.38 !o.o5 

LID !0.12 
0.73 !Q.I5 

4.3 

1.2 

0.7 
1.8 

0.6 
1.0 

- primary LAS biodegradation did not start within 30 days of experiment. 

Table 1 shows that the kinetics of 
primary LAS biodegradation was 
faster in seawater from the. harbour 6 
of Rovinj than ·in seawater from the 
open sea. This means that bacterial 
culture originating from the Rovinj 
harbour was more efficient in prima
ry LAS biodegradation than the auto
chthonlc bacterial culture in the 
open sea. None of the cultures was 
able to achieve ultimate LAS biode
gradation, i.-e. the biodegradation of 
benzene-ring containing intermediates 
formed by primary degradation did not • 
start within 30 days of batch culture 
experiment. 

Comparing the results obtained with 
seawater from the same t:'\ 
location and the same initial \!.1 
LAS concentration (Table I) it is 
evident that the half life of primary 
LAS biodegradation was smaller at 
higher temperatures. According to 
this fact it could be pressumed that 
the rate of primary LAS biodegrada
tion in seawater would be higher in 
summer than in winter. 
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Fig. I. Rovinj harbour (Northern 
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stations (A and 8). 
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INFWENCE OF Hz02 GENERATED IN SEAWATER ON llO;z SPECIATION 

Renata DJOGIC and Marko BRANICA 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

All recent literature regards the Na[< UO (CO ) J 2- ion as the predo
minant uranium (VI) species in seawater. Val~es fo~ this ionic form, as 

proposed by a number of ·workers, are around 90% of the total uranium con
centration in seawater ( app. 3. 3 ppb). 

Previous theoretical distribution studies ( 1) were based on the 

Pytkowicz model of ionic interactions among the macroconsti tuents of sea

water { 2). The distribution calculations referred to total soluble carbonate 

corresponding to a pC0
2 

of 1 atmosphere at each pH value. 

In order to obtain a closer correspondence to conditions in nature, the 

concept of a carbonate system for aqueous media open to atmospheric carbon 
dioxide at constant pCO , was introduced into Pytkowicz 's model. This implies 

that the "used" or bouna part of carbonate could be derived from the atmo

sphere. The relationships between free carbonate, hydrogencarbonate and 

dissolved carbon dioxide would thereby be satisfied for each pH value. 

URANYL SPECIES IN S. W. 
~r---------------------~--~ 

20 

10. 

o,~~~~~~-=~,~--~----~ 
pH 

Fig. 1 and Fig. pH dependant 

U02 T = 1 x 10-8 mol dm- 3 

pco
2 

= 0.00033 atm 

UO {CO ) 

U0
2

(0Hl 
3 

UO 
2 

(CO l ( HO ) 
2 3 2 2 

~ANYL SPECIES IN S W 

pH 

theoretical distribution curves 

-·- uo co 
2 3 

-- UO F 
2 

-··- UO Cl 
2 ....... uo so 
2 4 

-- U0
2

{C0
3

l
2 

However, recent research by Zika and coworkers ( 3) indicates that the 

ubiquitous humic material in seawater probably reduces oxygen through a 
photochemical process forming hydrogen peroxide in the sea. The hydrogen 

peroxide, generated by this mechanism, has in seawater a concentration 
of approximately 10-7 mol dm-:3. Higher contents of humic material could 
bring the peroxide concentration in surface waters up to 10-5 mol dm-3. 

For this reason we introduced the relevant stability constants for 

uranyl peroxo-carbonato (4) and uranyl hydrogenperoxo-carbonato species (5) 

into our model in order to estimate the possible influence of H2o 2 on the 

distribution of uranyl ionic species in the photic zone of the ocean. 

Calculated distributions are shown in Fig. 1 and 2. When the hydrogen 

peroxide concentration is 10-7 mol dm-3 , about 50% of uranium present in 

seawater is in the form of the mixed uranyl carbonato-hydrogen-peroxo 
complex. At concentrations of 10-6 mol dm-3 and 10-5 mol dm-3 H

2
o 2 

respectively, 92% and 99.9% of the total uranium present should be in the 
form of the mixed uo

2
(co

3
)
2

{H0
2

) complex. 

The above distribution of the ionic, species of uranium (VI) is compa

red with experimental results and will be discussed in detail. 
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CORRELATION BETWEEN THE NUTRIENT CN-003, P-ro4-, Sr-SrQ~-) CONCENTRATION 

OF THE DAf'.lfBE WATER AND THE RIVER DISCHARGE RATE 

Liliana DOROGAN, Lucia POPA and Adriana COCIASU 

Romanian Marine Research Institute, Constantza {Romania) 

The data concerning the concentration of theN-No;, P-PO!-, and Si-SiO~-anions 

in the Danube water at the Sulina mouth during 1979-1983 period have been presented in a 

previous paper (;!)• Suplemented with the results obtained in 1984, this data set have been 

statistically processed in order to obtain a quantitative evaluation of the correlation be

tween the above mentionned concentrations and the Danube discharge rate. 

The annual and quarterly samples consist in monthly averages of the daily measur

ements of both river discharge and ion concentrations. For each of the five data sets, a 

linear dependence on the discharge rate has been fitted using the least square method and 

corresponding correlation coefficients have been computed (Table 1 ). 

Table 1 - Correlation coefficients and linear regression equation between the nutrient 
concentration of the Danube water and the river discharge rate 

Samples correlation t-value regression line Ea;ameters t-value t-value 
coefficients for r b for a forb 

N-No; 

annual -0.293 2.54 1151.2 -0.04680 8.58 2.53 
1st -0.443 1.98 1582.3 -0.08698 4.72 1.98 
und -0.314 1.32 1505.7 -0.07360 2.89 1.32 
urrd -0.640 3.33 1692.1 -0.16380 7.06 3.98 
rvth -0.642 3.35 1400.8 -0.11603 6.52 3.05 

P-P 
4 

annual -0.473 2.15 130.7 -0.01006 8.09 4.54 
rst -0.461 2.08 188.7 -0.01540 3.35 2.08 
und -0.473 2.15 94.8 -0.00610 3.58 2.15 
rurd -0.401 1. 75 93.1 -0.00830 3. 74 1.94 
rvth -0.634 3.28 199.3 -0.02100 5.48 3.25 

Si-Si0
4 
-

annual 0.145 1io2Z 1583.2 0.0354 7.58 1.23 
1st 0.345 1.47 1182.2 0.1235 1 .85 1.47 
und 0.065 0.26 1463.6 0.0114 5.94 0.27 
rurd 0.484 2.21 909.4 0.1009 3.79 2.45 
rvth 0.626 3.21 1090.2 0.0201 3.08 3.20 
===============---===== ---===============--=== 

The negative correlation coefficients for the N-NO~ and P-PO!- concentrations 

nrove an Inverse· dependence on the Danube discharge (Table 1 ). The correlation coef

ficient for the Si-SiO~- concentration has positive values, showing a direct relation

ship with the discharge rate. 

The statistical significance of the correlation coefficients as well as of the regres

sion line parameters has been tested using the Student criterion (~). For the correlation 

coefficients, the computed values of the t-variable (Table 1) are above the significance 

level for the global samples of the N-No; and P-Po:.- concentrations and also for their 

third and fourth and, respectively, second and fourth quarterly samples. For the Si-Si<t

concentration, the correlation is significant only for the third and fourth quarterly samples. 

By removinging the effect of the linear trend in all the variables (which accounted 

forO. 3% to 9.1% of the totat variance), the correlation coefficients slightly diminished 

except for the Si-SiO:-concentration, for which a slight increase occured, but the coef

ficient for the annual regression is stiill below the confidence limit. 

Using the z-transform ~), the statistical significance of the differences between 

the correlation coefficients for all the pairs of the quarterly sample has been tested at 

the 5% level. For all the cases, the observed differences had to be considered as sta

tistically irrelevant. 

It may be concluded that a correlation, between the nutrient concentration and the 

Danube discharge rate, though weak, does exist for all the analysed samples and its in

tensity is statistically the same for all the seasons. 
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DISTRIBUTION OF NITROGEN AND Pf-OSPf{)RUS 

IN THE f'EliTERRANEAN WATERS OFF THE NILE DELTA 

N.M. DOWIDAR and A.R. ABDEL MOATI 

Oceanography Department, Faculty of Science, Mohr am Bay, Alexandria (Egypt) 

Abstract: The distribution of different nitrogen and phosphorus forms in the pelagic 
waters overlying the continental shelf off the Egyptian Mediterranean coast was stud
ied during February 1986. 

!~~ucti~~ 
The sharp decline of the biological productivity of the S.E. Mediterranean· waters 

off the Egyptian coast following the cessation of the Nile flood since 1965 has been 
explained as due to the lack of nutrient salts available for primary production . In 
the last 20 years,no reliable assessments of nutrient concentrations in the S.E.Medl
tf'rranean were made. The present work entails data on levels of inorganic and organic 
forms of N & P and phytoplankton biomass in the area during the winter season. 

~~!: <: ~:!: ~!- ~ ~ ~-~ <:!:!: ~ ~ ~ 
During February 1986,20 stations arranged in b sections perpendicular to the co

ast were sampled from the area between Agami and Tena bay (Figure 1). This area rece
ives annually about 17. 7xl09m3 of fresh and brackish water from several sources of la
nd runoff .At each station surface & descrete water samples were collected from stan
dard depths down to 200m. Determinations of inorganic nutrient salts and chlorophyll~ 
(Strickland & Parsons,l972), TN & TDN (Valderrama,l981) and TP & TDP (Koroleff,l977), 
were made. 

~<:~~!!:~-~~L~:!:~-=~~~:!:~~ 
The absolute values of surface temperature ranged between 17.0° and l9.2°C. The 

whole water column was nearly homothermal indicating effective vertical mixing during 
this season. The surface salinity was remarkably high probably due to off shore water 
influxes. The effect of fresh and brackish water discharge is mostly confined to the 
circumcoastal zone between Rosetta and Port Said (Figure l). The tongue of comparativ
ely low salinity opposite to El-Gamil opening (Figure 1) represents further extention 
of mixed water from Lake Manzalah. 

The average values of reactive phosphorus fluctuated between 0.072 & 0.04ug at/1 
in the inshore and offshore waters respectively. The low values observed infront of 
Rosetta branch ( 0.014 ug at/1) are probably due to intensive uptake by phytoplankton 
as well as to its adsorption on the large amounts of suspended particles ( average 
0.37 mg/1). Reactive phosphorus constitutes only about 5% of TP while the percentage 
of DOP was much higher constituting 91-97% of TDP. PP forms 48-80% of TP wit·!l high 
values infront of Rosetta branch. The concentration of TP in surface water varied 
between 0. 75 & 1.98 ug at/1, the highest values occurred in inshore waters. 

The average concentration of DIN amounted to 2.14 ug at/1 with nitrate as the do
minant component. A significant increase of nitrate concentrations was recorded at de
pths below lOOm probably suggesting regeneration from the bottom sediments by active 

Figure 1. The study area, stations sampled & h:Jrizontal disribution of S%oduring 
February 1986. 

vertical mixing prosses. during this season. On t:ne other han a, tne concentration of 
DON was much higher than DIN , constituting 78%-91% of TDN. The maximum concentration 
of DON recorded in the inshore stations was 23.15 ug at/1. As in phosphorus PN const
ituted 61%-67% of TN at the stations studied. 

It seems that the levels of nutrients present during this season are able to su
stain relatively high phytoplankton crop. The average chlorophyll£! biomass varied 
between 0. 71 mg/m3 in the inshore waters and 0.22 mg/m3 in the offshore waters ,with 

, subsurface maximum at 25 or 50m. 

Table 1 shows the N:P ratio for the different nitrogen and phosphorus forms.Con
sidering the comparatively low concentration of DIP, it may be conc'luded that phytop
lankton growth in the area would be mostly limited by phosphorus than nitrogen. 

~<:f~~~~-=~~ 

Table 1. N:P ratio in the surface water of the study area. 

LOCATION Inshore 
~~I!2 ________________________________________________ _ 

DIN/DIP+ 

N03/DIP+ 

DON/DOP* 

TDN/TDP• 

TPN/TPP* 

TN I TP* 

36.9 

25.3 

+-Average surface water for the "'hole area. 

25.6 

35.6 

38,1 

43.9 

""' Surf ace_ "<I lues for El-Gami 1 inshore staLl on & D<~mic t t <! o ( ( siiC'I ~·. 

Koroleff ,F · (1977) }!!_ : Grasshoff ,K. Report of the Baltic Intercalibration Workshop , 
Annex Intern. Commission for the protection of the environment of the Baltic 
Sea. 

Strickland,J.D.H. & T.R. Parsons (1972) Fish. Res. Bd. Canada ,Bull. 167 ,znded.310pp. 
Valderrama,] .C. (1981) Marine Chemistry, 10,109- 122. 
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LEVELS OF NUTRIENT FORMS AND CHLOROPHYL A BI<1'11\SS 

IN A HIGHLY POLWfED BASIN, THE EAsTERN HARBOUR OF AlExANDRIA 

N.M. DOWIDAR and T.A. 1\B()UL KASSIM 

Oceanography Department, Faculty of Science, Mohr am Bay, Alexandria (Egypt) 

Abstract: Distribution of the different forms of nitrogen and phosphorus in the se
wag-e-polluted waters of the Eastern Harbour of Alexandria was studied during June 
1985. Because of the high nutrient content , the average concentration of phytoplankt
on biomass was 23 mg chl.~.m-3. The average N :P ratios (by atoms) of the different 
components were as follows: N03/P04: 18.7; DIN/DIP: 33.7; DON/DOP: 13.44; TDN/TDP: 
18.4; PN/PP: 10.9 and TN/TP: 13.5. 

!~!:~£~:!::!::!:£~ 
The Eastern Harbour (E.H.) is a shallow semiclosed basin, average depth 6m,surf

ace area 2.53x106m2 , connected to the Mediterranaen Sea by two openings ( Boughaz 1 
and Boughaz 2), through which exchange of water takes place. The harbour receives 
annually about 5.5x10°m3 of untreated sewage and waste water through several outfalls 
distributed along the southern coast (Figure 1). This volume is about 36% of the wat
er volume of the harbour. 

~~!: ~~~~~-~!:~_I:!~!:~~£~ 
Seven stations were selected to cover the different parts of the harbour (Fig

ure 1). Fifteen surface and subsurface water samples were collected during June 1985. 
Determinations of dissolved inorganic forms of nitrogen ,phosphorus,reactive silica
te and chlorophyll ~ were carried out according to Strickland & Parsons (1972). TP 
TDP, TN and TDN were determined using the methods descibed .by Koroleff (1977) and 
Valderrama (1981). 

~~~:!~!:~_!!!:£_~~~:::!~~~~~ 
During June 1985, the average surface temperature was 27.0 C,due to the shallon

ess of the E.H. no thermal stratification was observed. The average surface salinity 
was 35.89%..with a horizontal gradient of only 0.5%.indicating a horizontal mixing • 
On the other hand, a pronounced vertical salinity gradient (about 2 .5%.) was recorded 
at Boughaz 1 . Judging from the relative volumes of the harbour and sewage inflow,the 
residence time of the harbour water is less than three years. Despite the large amou
nt of sewage discharged into the harbour , the surface water seems to be well oxygenat
ed (average D.O. saturation 116%). The effect of the hig)1 organic load is mostly fe
lt near the bottom, where the average saturation was 58% with lower values (31%)near 
the bottom . The pH of the E.H. was always in the alkaline side (average 8.13).· The 
total suspended matter (TSM)was exceedingly high varying between 133mg/l and 44mg/l. 
However ,the POM was much lower constituting on the average 5,0% and 7.7% of the 
surface and bottom values of TSM. This may indicate that the TSM of the E.H. are 
mostly of lithogenic origin. The secchi disc readings varied between 1.0 and 3.5m at 
different stations • The concentrations of reactive silicate (average surface 9.38ug 
at/1 ) was highly correlated with salinity (r= -0.8493,p<0.001). 

of th!h~g~~~~~~l~~~~~: ~~~m:~:r::: ~~~~;~;~~l~it b~~:::e:a:i~~m~t~~~ .~~:::§~l v:~::: 
as high as 37mg chl.~.m-3 were recorded at stations directly affected by sewage disc
harge. 

Figure 1. The study area showing stations sampled and sewage outfalls, 

The average surface concentration of DIN was 8.56 ug at/1 constituting 22% of·TN. 
Nitrate constituted the larger part of DIN (average 56%) ,followed by ammonia (avera
ge 36%)and nitrite (8%). The relative abundance of the different nitrogen forms was 
ds follows : N03: 12.4%;N02: 1.7%;NH3: 6.5%; DON:26.8% and PN:55.3%. 

fhe average surface concentrations of DIP (0.32 ug at/1) ,although comparatively 
low ,was about 10 times higher than that found in the Mediterranean waters off tne 
Egyptian coast .On the other hand , the average TP amounted to 3.4 ug at/1. The cont
ribution of the different forms of phosphorus in the E.H. was as follows: DIP: 9%; 
!lOP: 22.4% and PP: 69.3%. 

fhe ratio N03/P04 is very near to that usually found in normal waters, while the 
ratlo DON/DOP is comparatively lower (Table l) probably due to the presence of the 
ingh concentration of soluble organophosphorus compounds (e.g. detergents) contained 

tne waste water discharged into the harbour. 

'Table 1 Hitroqen-phoaphorua ratio• (by atoma} in the •urtace 
and bottom vatera of the Eaatern Harbour of Alexandria. 

N0
3
tro4 

DIN/DIP IX:N/IXP 1tll/'ltl' ... ,pp 'IN/TP 

Surface 26.75 13.08 17.12 11.02 

21.32 40.55 13.79 19,73 13.72 1S.U 

Avera9e 18.70 33..65 13 • .U 18.43 10.86 13.46 

<e.terences ----------
'oro~er f ,F. ( 1977) In: Grasshoff ,K .Report of the Baltic Intercalibration Workshop, 

'Jwex .Intern .Commission for the protection of the environment of the Baltic Sea. 
kland,J.D.H. & Parsons(1972) Fish.kes.Bd. Canada,Bull. 167,znded .310pp. 

rar.la,J.C. (1980) Marine Chemistry,10,l09-122. 
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ORIGINS OF TRACE ELB'IENTS IN A MAIN LAND-BASED SOURCE 

ON THE NoRTH AfRICAN CoAsT. WEST OF THE NILE DELTA 

Osman EL-RAYIS and M.A. SAAD 

Oceanoqraphy Department, Faculty of Science, 

Alexandria University, Alexandria (Egypt) 

umum drain is a big land-based source of fresh water to the coastal area 

between Alexandria and libian border. It contributes six million cubic meter/ 

day. In order to define of future objectives in chemistry of the coastal area 

that surrounds it." down stream part, it is very imp::>rtant first to know chemi

cal characteristics, including trace elements of that huge land-based source 

and the factor/s that may control its characters. 

The drain receives its water mainly from two sources. One from the river 

Nile indirectly, i.e. after passing through agricultural lands of Bohaira and 

part of Alexandria Provinces. The other fran lake Man.ut, which join the drain 

at its northern part before reaching the sea. The ·lake lies south of Alexandria 

City and its water is mainly an agricultural drained water from the other part 

of Alexandria Province, sufferring from intensive pollution. As it bears waste 

waters of domestic and industrial origins from the city of Alexandria. At pre

sent, the water effluent from the lake to the drain is at a rate of 540;000 m3; 

day, which is planned to be at a rate of 1.14 million m
3
/day in 1987. This will 

hapJ;end after changing the sewer system of Alexandria City to add extra 600,000 

m3/day of its content to the lake. 

The chemical characteristics, studied in the present work for the lake 

effluents and the waters up stream and down stream of the discharge point are 

shown in table I. Their daily discharge amounts from the lake and from the 

drain to the sea and their prop::>rtions are shown in table II_. The daily amounts 

of pollutant elements discharged from the lake and from the drain to the sea 

and their prop::>rtions, after the 1987 Plan, are shown in table III. 

The important stricking feature can be noticed fran table I, is that the 

level of the concentrations of rrost of the elements studied in the two sources 

of waters to the drain are rrore or less equals, except for the sewage elements, 

total susoended matters, phos{ilorous and nitrogenous compounds and dissolved 

manganese. These are considerably higher in concentrations in the lake eff

luent, and can be used as tracers for the drain water in the coastal area. Mn 

is one of the metal comp:ments forming the industrial wastes that disposed to 

the lake
1 

. Table III, shows that in 1978, the amounts of the pollutants dis

posed by the drain are exj::ected to increase by 52% over what are disposed now. 

Reference : (1) Halim, Y. (1983). Med-Term Report, 1983. Aquatic Envioronmental 

Pollution Project EGY/73/058. Alexandria University. 
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DISSOLVED ORGANIC MATTER IN THE WATERS 

OF THE GuLF OF TRIESTE (NORTHERN ADRIATIC) 

J. FAGANELI 0 and G. HERNDL 0 0 

o Marine Research Centre, Piran (Yugoslavia) 
oo Institute for Zoology, University of Vienna, Vienna (Austria) 

Dissolved organic compounds play an important role in the cycling of matter and 

energy in the marine environment. The dissolved organic matter (DOM) pool of the 

coastal marine environment can be divided into three major pools: ( 1) an auto

chtonous pool derived mainly from in situ biological production, (2) an allochtonous 

pool derived mainly from fresh water drainage and ( 3) an anthropogenic pool derived 

from human activities. DOM represents the largest pool of organic matter in the sea. 

DOM in sea water is poorly chemically characterised. Only about 10 per cent of the 

total DOM present in the sea has so far been assigned to definite compounds - amino 

acids, urea, carbohydrates, lipids etc. The remaining 90 per cent is still chemically 

undetermined, but it is assumed that it consists of complex macromolecular 

compounds ( humates, complexes, chelates). 

The purpose of this contribution is to present recent results on DOM composition in 

terms of organic carbon (DOC), nitrogen (DON) and phosphorus (DOP) contents, and 

of urea and dissolved free amino acids (DFAA) in the waters of the Gulf of Trieste in 

relation to some chemical and biological processes. Special attention was paid to 

seasonal and vertical differences in relation to phyto- and bacterioplankton densities. 

Distribution of DOC contents for the whole sea water column showed distinct seasona 

variations, ranging from 125-154 /mol C 1-
1 

during the late autumn and winter to up 

to 500 /mol C 1-
1 

during the summer. Concentrations of DON also showed seasonal 

variations. Lower concentrations, averaged over the whole sea water column, were 

found in the late summer with maximal values of approx. 58.2 /mol DON 1-1 . The 

seasonal dynamics are similar to that found during the 3-year long study of DON 

variations at the sampling points K-1 and MA. Maximum DON values were regularly 

observed in the bottom layers and supernatant waters. The distribution pattern of DOP 

differed somewhat 1rom that of DOC and DON. The DOP concentrations decreased 

from summer, ranging from 5.2-9.2/mol DOP 1-\ towards the winter period, with 

a minimum value of about 0.5 /mol DOP 1-
1

• Vertical distribution showed little depth 

variation with slightly higher DOP concentrations in the bottom water layers and 

supernatant waters. Urea contents varied at sampling points K-1 and MAin the range 

between 0- 9.16 /mol 1-
1

, with a mean value for the whole sea water column of 

0. 60 /mol 1-
1

• The percentage of DON analysed by the UV combustion technique, 

bonded in urea, averaged about 4.5 %, while that of DOC was about 0.2 %. Total DFAA 

concentrations, analysed as OPA reactive substances, ranged between 0.01 and 8.25 
-1 1 

1umol 1 , with a mean value for the whole water column of 2.10 /mol 1- • The 

percentages of DON and DOC bonded in DFAA averaged about 7.8 % and 2.1 %, 

respectively. Analyses of individual DFAA, analysed at sampling point MA, showed 

high concentrations in the surface layer, in parallel with high inorganic nitrogen 

centent and lower salinity, originating from fresh water inflows. The dominant DFAA 

were Ser, Glu and Ala throughout the sea water column. Considerably higher basic 

DFAA content was found above the pycnocline. Deeper layers (5, 10, 15m) were 

characterised by a higher basic amino acid content with higher Lys and/or Orn 

contents. 

Our results indicate the spatial uniformity of DOM content in the waters of the Gulf 

of Trieste, despite pronounced anthropogenic influences on some near-shore areas in 

the Uulf, i.e. the Bay of Koper. From the present study it appears that intense DOM 

variations are principally biologically controlled, probably through phytoplankton 

decomposition and phytobenthos excretion and decomposition. The significant relation

ship between DON and bacterial biomass suggested that DON has an dominant role as 

the growth-limiting source for bacterioplankton in the Gulf. Our results also indicate 

the sea water bottom layer and sediment-water interface as the site of the most 

intense DOM microbial transformation. 
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1HREE ITALIAN 1-()T SPRINGS AS POSSIBLE MERCURY SOURCES 

FOR ATMOSPHERE AND SEAWATER 

Romano FERRARA and Biancaelena MASERTI 

CNR, Istituto di Biofisica, Via S. Lorenzo 26, Pisa (Italia) 

INTRODUCTION 

The exchange processes at the air/sea interface between atmospheric mercury 
(particulate and gaseous forms) and surface sea layer represent one of the most 
important links in the Biogeochemical cycling of the metal in the aquatic environ
·ment ( 1). In fact, gases and aerosol of natural and anthropogenic origins are 
injected into the marine environment often in such amounts as to constitute one of 

the major sources of the metal ( 2). 
In this context, measurements of mercury levels in the atmosphere of three 

particular mediterranean zones characterized by the presence of hot vapour springs 
were carried out. The areas studied are located in the Central and Southern parts 
of Italy and differ from each other for these mineralogical features: 
Mt. Amiata is rich in cinnabar deposits, Larderello, originates from sedimentary 
rocks, and Pozzuoli is characterized by the volcanic nature of the soil. 

EXPERIMENTAL 

Separation of gaseous mercury from the aerosol was achieved by pre-treated 
Sartorius membrane filters. Air was sucked for 2 hours at a constant flow rate of 
1.5 1/min by means of a membrane pump, and gaseous mercury was collected on gold 
absorbers. Collection of particulate matter in air was performed by filtration of 
6 - 10 m3 of sample. Filters were digested with 3.4 ml of a mixture of H2S01,/ HN03 
H2S04/HN03/HCl (2:1:0.h) at 20 C for 10 hours and then photo-oxidized by a U.V. 
immersion lamp for 15 min. The determination of the gaseous mercury and of the metal 
associated to the aerosol was performed by Atomic Fluorescence Spectroscopy as 
reported elsewhere ( 3) . 

RESULTS 

In fig. 1 the studied areas are reported. A common characteristic of these 
areas is the presence of hot vapour springs spurting from the earth. These steam 
jets, because of their elevated temperature, could transport a large amount of 
mercury, in both gaseous and particulate phase, from the subsoil to the atmosphere. 

Vapour springs at Larderello and Mt. Amiata are exploited for geothermal hydro
electric power, while those at Pozzuoli are comparable rather to fumarole and are 
not useful for practical application. 

In tab. 1 the levels of gaseous mercury are reported. High values of the metal 
were measured near the individual point sources; however, these levels decrease 
with distance from the springs, and the background concentration of the area is 
rapidly reached. 

Concentration values of atmosoheric mercury in the mineralized region of 
Mt. Amiata are about three times larger than those found in other mediterranean 
rural areas ( 3) . 

Fig. 1 Studied areas 

Location Hg air 
gas~ops form 

1 Mt. Amiata 15 

2 Larderello 18.2 

3 Pozzuoli 6.9 

Tab. 1 Mercury concentra
tion(ng/m3) of the gase
ous form in the air of 
the examined areas. 

Values from Larderello are comparable with those of 
Mt. Amiata: this is an unexpected finding on account 
of the completely different nature of the soil. 
Mercury concentration in the air of Pozzuoli is a little 
higher than the background values for rural areas. 
The concentration value·s measured in the three areas 
are, however, much higher than those observed over the 
open sea ( ~ 2 ngjm3). This fact clearly indicates that 
the sources of atmospheric mercury are mainly located 
over the land and that the aerial transport of the metal 
from the continent to the sea is an important pathway 
for the enrichment of the surface sea layer of the 
marine environment. 

Active and passive scavenging by suspended particles 
and the subsequent settling is probably the most impor
tant mechanism for the transfer of mercury from the 
atmosphere to the deeper part of the sea. In fact, our 
recent observation (4) indicate that for mercury the 
scavenging efficiency of the gas phase by rain is much 
smaller than that of the aerosol phase. 
Although volcanic activity is the major natural source 
of suspended particles it is also true that in fUmarole 
area of Pozzuoli high levels were measured (0.37 ng/m3). 
Results of direct measurements of dry and wet deposition 
in the three areas are not, at the moment, satisfactory 
because of the inherent sampling difficulties and the 
strong dependence on meteorological conditions. 

At the present state of our research, additional observations seem necessary to 
establish the magnitude of the atmospherically - transported mercury from this type 
of sources to the sea. 
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MERCURY LEVELS IN THE ATLANTIC AND r'1£DITERRANEAN WATERS 

IN THE STRAIT OF GIBRALTAR 

Romano FERRARA, Biancaelena MASERTI and Antonio PETROSINO 

CNR, Istituto di Biofisica, Via S. Lorenzo 26, Pisa (Italia) 

INTRODUCTION 

As is well known !'rom the literature( 1-2) the Mediterranean waters show mercury 
levels higher than those reported for the oceans. It must be pointed out, that the 
investigations were carried out by different researchers by means of various analy

tical techniques. 
In view of" these considerations an oceanographic cruise in the Strait of" 

Gibraltar with the N/0 "Bannock"(CNR) was held during September 1985. 
In this area the presence of the Atlantic inflowing and Mediterranean outflowing 

waters allows contemporaneous measurements on the two water bodies and therefore a 
real comparison between the mercury content uslng the same analytical procedures 
and instrumentation. 

EXPERIMENTAL 

Sampling was performed. using pre-treated go-flow Niskin bottles. Surface waters 
were collected from a rubber boat at about 500 m. from the research ship. Samples 
showing turbidity values higher than 0.25 N.U. were filtered on board by a closed 
device under nitrogen pressure. Filters containing particulate matter were digested, 
as reported elsewhere( 3). Dissolved mercury (reactive and total) was transferred on 
gold traps,as reported elsewhere(3). One liter of each sample was acidified (1 ml 
of HN03 suprapur grade) , stored at + 5 •c and than analysed later in the laboratory. 
Analysis of the mercury content was performed by Atomic Fluorescence Spectroscopy. 
Images of" the studied area received by NOAA-9 satellite and meteorological maps 
were used to evaluate the dynamics of" the anticyclonic gyre and the mixing processes 
of" the waters. 

RESULTS and DISCUSSION 

Ten sampling stations were placed in the Alboran sea, in the Strait of" Gibraltar, 
in the Atlantic ocean offshore the Gulf" of" Cadiz and in the North-West Mediterranean. 

In each station salinity and temperature profiles by means of" a CTD pro filer 
were achieved to characterized the Mediterranean and Atlantic waters. 

In fig 1 some profiles and the related concentration of mercury are reported. 

In fig 1 B the existence of the double layer, of which the upper part is 
Atlantic water, with low salinity (36.8%) and the lower part is Mediterranean with 
higher salinity (38.6%),is reported. 

An examination of" the mercury concentration in the water column of each station 
studied allows us to draw the following conclusions: 
- The value of" the mercury concentration dissolved in Mediterranean waters is compa

rable to that of" the Atlantic waters. 
- The range of concentration observed runs between 2-6 ng/1. 
- The average value is about 4 ng/1. 

Fig l. Vertical. distribution of dissolved mercury( •.. ) and salinity(-) in 
(A) Atlantic ocean, (B) Alboran sea, (C) North-West Mediterranean sea. 

- No variations of metal concentration related to depth were noted. 
-The concentration of "reactive" mercury is very littlP. lower than the "total". 
- The concentration of the mercury which is associated to the particulate suspended 

Platter is very low (0.2-0.6 ng/1) partly because of the extremetrasparency of the 
waters. 

The results of the analyses of water samples made in the laboratory three weeks 
after the sampling indicate comparable values, even though slightly lower, to those 
of the analyses made on board. These results are substantially in agreement with 
those of Copin-Montegut et al. ( 4) on the II PHYCEMED Cruise ( 1984). It must be noted 
that these researchers consider that the Atlantic waters contain slightly higher 
mercury levels than those of the Mediterranean. 

A comparison of our results in the Strait of Gibraltar and along the Tyrrhenian 
coast .( 1) seems to indicate slightly higher levels in the coastal area, especially 
where the water is less than 200 m. deep. 
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DISTRIBUTION oF NUTRIENTS IN THE IoNIAN SEA 
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The paper contains the results of the investigation on nutrients at 11 sta
tions at standard depths covering all the water colunm in the Ionian Sea in March 
1983. 

The distribution of nutrients can be considered as a nonnal pattern for Medi
terranean waters. In the euphotic zone, nutrients are practically depleted by the 
phytoplankton uptake. The oxidation of organic material induces a progressive en
richment of reactive phosphate, nitrate and silica from the layer beneath the 
thennocline to the bottom. A mitrite maximum is observed at the compensation depth 
for photosynthesis. 

The N:P and Si:P ratios by atoms are characterized by a wide variability with 
depth at the euphotic zone. On the contrary, from 75m to about 800 m, the ratios 
rapidly increase and afterwards they tend to constant values of 21 for N:P and 
35 for Si:P. 

·' 

Fi[J ~- Location of" the <;tafion« 

Fio. 2. Vertical di.;{ribufion of nuirierd.:: 

Nutrient relationships 

Compronent Number of Miniimlm and Mean coucen- Mean comcen- Ratio of Correlation 

observations wncimum. values tration CuM) tration_ ratio change .-oefficient 

(by atorms) 

ro4 - P 106 0.07-0.24 0.11!0.05 

l.H4 - N 106 0.08-2.83 0.67!0.59 

!.Q2- N 106 0.05-0.30 0.10±0.07 

!.Q3- N 106 0.10-6.91 1.56±1.53 

Dl1 106 o.50-7.37 2.33±1.58 DI:P=:::1.2 AN:li.P•11.6 00.71 

Si 106 0.48-8.56 1.96±2.05 Si:P•TI7.8 ~Si:li.P•27.7 il'.70 

I 
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Center for Marine Research, Institute Rudjer Boskovic, Zagreb (Yugoslavia), 

and Biological Institute, Dubrovnik, Croatia {Yugoslavia) 

SU'I"'ARY 

The river Krka estuary, due to its beauty, represents an 

unique green oasis in the midst of greysh middle adriatic coastal 

karstic area. As such and for reasons of its protection, }'las proclami

ned a natural parc.23 Km in lenght, all of canyon configuration, it 

originated during postpleistocenic period by inundation of an eroded 

karstic valley. Predominancies of estuarine processes in karstic areas, 

make the river Krka estuary object of interdisciplinary investigations 

and an ideal scientific polygon. 

'!ontly flows of river Krka are characterised by a great varia-

bility of their fluvio-nival regimes with maxima in autumn/winter (hu

mid period with 400 m3 /sec) and minima during the summer (dry period 

with 10-30 m3 /sec). So, hydrograms of the river Krka obtained in such 

a way, show a great variability. 

The river Krka estuary can be classified as a type of partialy 

mixed estuary with a stable stratification during the summer period 

and instability during spring and autumn. The most characteristic fea-

t·ure of the mentioned stratification are clearly. expressed picnocline 

on the depth from 0.5-4.0 met. The increased salinity value gradients 

are present only in the layer that spreads from the picnocline tovard 

the bottom. Vertical oscilations in the estuary reach up to 0. 5 m and 

essentialy have no influence to the estuary stratification. Except for 

the surface fresh water layer and the saline near bottom layer, intru-

sions were occasionaly registred, and their appearence mechanisms are 

yet under research. 

The estuary dynamics was investigated by currents measurements 

few main stations. The currents are essentialy influenced by the 

river flow, tidal cycle, regional morphology and specially the main 

local winds (NE and SE) . The surface fresh water layer shows the rna-

ximum current.velocity (1.2 Knots). 

Transparency as a function of bioproduction, suspended matter 

and turbidity clouds, vary from about 1-10 m. 

The thermohaline estuar relations are closely connected by the 

seasonal changes of air temperature as well as with water column sta-

bili ty. The summer relations are characterised by high discontinuity 

layer (thermo-halo-picnocline) T•c=r 14.0-24,0; Sal%.2"0.0-38.0 whyle 

the winter relations by isothermy and temperature inversion T•c= 12; 

Sal %. :;;: 0. 0-38.0; Changes of thermohaline relations much influence 

variation of density, pH and alkalinity parameters. 

The whole Krka estuary rapresents a well aerated area. Oversatu-

rations expressed in spring and summer period are caused by a high foto-

sintetic activity. 

The concentrations of all the nutrient salts (P,N and Si) as mea-

sured in the estuary indicate high bioproductive potentials (with exce-

ption of reactive dissolved phosphorus). l"rom the biological analisis 

of the phytoplancton catchies is evident, that in all seasons of the 

year the biomass is temporarly increasing (especially micro and nano-

plancton). 
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BIOACTIVATION OF PROXIMATE CARCINOGEN N-HYDROXY-ACETYLPMINOFWORENE 

IN THE MARINE MUSSEL MYTIWS GALLOPROVINCIALIS 

Sanja KRCA and Branko KURELEC 

Center for Marine Research, liUdjer Boskovic Institute, Zagreb (Yugoslavia) 

The postmitochondrial fraction of the marine mussel (~ytilus 
galloprovincialis) digestive gland has the potential to bioactiva~e 
several precarcinogenic aromatic amines, but not the precarclnogenlc 
polycyclic aromatic hydrocarbon benzo(a)pyrene, to Salmonella 
typhimurium TA 98 mutagens (Britvi6 and Kurelec, 1986). This 
metabolism is catalyzed by FAD-containing monooxygenase (Kurelec, 
1985), and a considerable part of these metabolites is conjugated 
via UDP-slucuronyl transferase to water soluble glucuronides 
(Kurelec et al., 1986a). 

In our preliminary investigation of the activation of model 
aromatic amide acetylaminofluorene (AAF) we have noticed striking 
qualitative differences in the activities between carp and mussel 
preparations. In order to clarify these differences we have 
undertaken experiments using N-hydroxy-acetylaminofluorene 
(N-OH-AAF, 10 pM),the product o~ AAF first step metabolism catalyzed 
by FAD-containing monooxygenase as a substrate, subcellular 
fractions of the mussels digestive gland or carp liver as the 
activating system in the Ames test, paraoxon (10 pM) and 
pentachlorophenol (PCP, 0.1 pM) as inhibitors, and an incubation 
medium (as described, Kurelec 1985.) fortified with dithiothreitol. 

Table 1. The activation of N-hydroxy-acetylaminofluorene to TA 98 
mutagens by mussel digestive gland and carp liver preparations 

Tissue fraction Additions to S-9 mix . 
none paraoxon PCP 

Mussel 
postmitochondrial 282 135 
microsomal 93 74 
cytosolial 271 113 248 

Carp 
postmitochondrial 980 389 
microsomal 1058 77 
cytosolial 1018 530 562 

Activation into mutagens was expressed in the No. of S. 
typhimurium TA 98 his+ revertants per plate (mean from triplicate) 
per mg of protein in the case of postmitochondrial fraction (PMF) 
and cytosol, or per the amount of microsomal protein obtained from 
33 mg of tissue (wet weight). 
The mussel PMF activation potential is located predominantly in 
cytosol.A major part of this cytosolial activity is catalyzed by 
N,O-acetyltransferase, since 59% of its activity could be inhibited 
by paraoxon, an inhibitor of cytosolial N,O-acetyltransferase, and a 
minor part is catalysed by sulfotransferase activity,since only 9% 
of its activity is inhibited by PCP, an inhibitor of 
sulfotransferase. The very low microsomal activity is practically 
insensitive to paraoxon, an inhibitor of microsomal deacetylase. 

In contrast, carp PMF activation is equall distributed among 
microsomal and cytosolial fractions. 90% of microsomal activity 
could be inhibited by paraoxon, an inhibitor of microsomal 
deacetylase. 48% of cytosolial activation could be inhibited by 
paraoxon, an inhibitor of cytosolial N,O-acetyltransferase, and 45% 
by PCP, an inhibitor of sulfortansferase. 

Results presented here show that beside the striking difference 
between carp and mussel in the first step of activation, there is 
also a qualitative difference in the second step of transformation 
of precarcinogens to ultimate mutagens, i.e. the mussel performs 
this step via cytosolial N,O-acetyltransferase in contrast to the 
carps (and mammals) type of transformation which includes microsomal 
deacetylase as well as both cytosolial N,O-acetyltransferase and 
sulfotransferase. 

Thus, the mussel, and probably other marine invertebrates 
(Kurelec et al., 1985.), possess a specific metabolic path of 
activation of precarcinogenic aromatic amines that is qualitatively 
different from the well characterized activation system described in 
mammals. This may bring new insight to our understanding of the fate 
and effects of carcinogens in the marine environment. 

LITERATURE 

Britvi6 S. and Kurelec,B.,1986, Selective activatiorr of carcinogenic 
aromatic amines to bacterial mutagens in the marine mussel 

Mytilus galloprovincialis, Comp. Biochem. Physiol., in press. 

Kurelec,B.,1985, Exclusive activation of aromatic amines in the 
marine mussel Mytilus edulis by FAD-containing monooxygenase, 
Biophys. Res. Comm., 127,773-778. 

Kurelec,B., Britvic,S. and Zahn,R.K.,1985, The activation of 
~~~m~~;~ 1 ~~:nes in some marine invertebrates, Mar. Environ. Res., 

Kurelec,B., Britvi6,S., Krca,S. and Zahn,R.K., 1985a, t1etabolic fate 
of aromatic amines in the mussel Mytilus galloprovincialis, Mar. 

Siol. in press. 



C-21 

TRACE METAL CONCENTRATIONS IN THE SEDIMENTS FROM THE S!BENIK 

AND THE l<oRNATI lSUINDS AGLJATORILM 

D. MARTINCIC (1 ' 2l, Z. KWOKAL (1), M. STOEPPLER (2) and M. BRANICA (1) 

(1) Center for Marine Research, "Rudjer Bosko:.ric" Institute, Zagreb 
(Yugoslavia) 

(2) Institute for Applied Physical Chemistry, Nuclear Research Center 
(KFA) , Julich (Federal Republic of Germany) 

The results of concentrations of Zn, Cd, Pb, Cu and Hg in the whole 

sediment samples from different localities in the Sibenik aquatorium were 

primarily controlled by particle size of the sediment and, except lead, 

correspond to the unpolluted sediments. The anthropogenic influence near 

the harbour and industrial waste-water outflows is well evident. 

In the upper 2 em of the total sediment samples the concentrations of 

Zn, Cd, Pb, Cu and Hg from the Sibenik and the Kornati Islands aquatorium 

are well related to the mean grain-size of the sediments (see Table 1). The 

analysis have been done in a manner described in our previously published 

work ( 1) . The highest concentration of the trace metals are bounded to 

the smallest sediment particle fraction and their distribution is caused by 

settlement. The upper part of the estuary the sediments contain highest 

percentage of finest particles (<20 ;urn). Seaward as percentage of finest 

particles decreases, the metal concentration decreases too. The influence 

of the metals of an anthropogenic origin on the total metal concentration 

in the sediments near harbours' sewage outflows and industrial waste-waters 

sources will be discussed in detaiL The particle fraction < 75 
1

um has been 

separated and analyzed for trace metal content. The obtained data were 

compared with our recent results on the metal contents of the sediments from 

different parts of the Adriatic Sea ( 2). In general, excluding locations which 

are caracterized as points under anthropogenic influence, the results obta

ined corresponded to the unpolluted marine and estuarine sediments. Recent 

data obtained for lead concentrations in the sediments all over the Adriatic 

Sea are significantly higher than those concentrations by Paul and Meischner 

:found in the sediments from 1976 (3). It can be attributed to the higher 

traffic using leaded gasoline. 

The average metal concentrations in the total sediments of the Sibenik aqua tor iurA (Jng kg -l and 

1
ua Hg kg-l dry weight) at different localities. 
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TRACE METALS IN MYTILUS GALLOPROVINCIALIS FR(]vl THE SIBENIK 

AND THE KoRNATI IsLANDS AQUATORIUM 

D. MARTINCIC(1,2), Z. KWOKAL(l), H. STOEPPLER( 2) and M. BRANICA(l) 

(1) Center for Marine Research, "Rudjer Boskovic" Institute, Zagreb, 
Croatia (Yugoslavia) 

( 2) Center for Applied Physical Chemistry, Nuclear Research Center 
(KFA) , Julich (Federal Republ.ic of Germany) 

From October 1983 till July 1985 the common mussels Mytilus gallopro

vincialis, :from the Krka river estuary and the Kornati Islands were analyzed 

:for Zn, Cd, Pb, Cu and Hg content. The metal concentration in the mussels 

from studied area, excluding animals permanently exposed to industrial and 

domestic outflows, :fall in the range of concentrations pertaining to animals 

from unpolluted regions. 

The distributions of Zn, Cd, Pb, Cu and Hg_ concentrations of mussels 

Mytilus galloprovincialis, Lmk. , :from the Sibenik and Kornati Islands aqua

tori urn (studied between October 1983 and July 1985), are very pronounced along 

the transect :from the Krka river :falls to the Kornati Islands (see Table 1). 
It is mainly governed by animals' condition :factors and by physico-chemical 

conditions existing in the surrounding water. The measurements carried out 

were described previously ( 1). The dissolved trace metal concentrations in 

water reached a maximum values near the Sibenik harbour. The mussels from the 
same area exhibited high metal concentrations as well. 

Concentration of cadmium increases in the mussels :from the near-shore 

localities to the Kornati Islands, even though the dissolved metal decreases. 

It can be attributed to the :fact that mussels from the mentioned localities 
although of the same shell length, are much older than mussels from estuary 

region, due to the different growth rate (2). Trace metal concentrations in 

the mussels :from the investigated area have been compared with our results 
obtained studying mussels :from other regions on the coast of the Adriatic 

Sea (3,4). Excluding organisms by which the metal contents are evidently influ

enced :from anthropogenic sources, i.e. , mussels living in the vicinity of 

domestic sewage outflows and industrial waste-water inputs, the metal concentra

tions in the mussels from the area· studied :fall in the range of concentrations 
for animals :from unpolluted regions. 

TABLE 1 

Metal 

Zn 

Cd 

Pb 

Cu 

Hg 

REFERENCES: 

Average metal concentrations in the mussels from the Sibenik 

and the Kornati Islands aquatorium. Zn, Cd, Pb and Cu concen

trations are expressed in mg kg-1 while mercury in 
1

ug kg-1 

wet weight. Values in the parenthesis are standard deviations. 

Sibenik Kornati Industrial 
aquatorium islands (RaZine) 

19.2 (2.5) 18.1 (4.5) 31.5 (2.6) 

0.14 (0.04) 0.29 (0.07) 0.12 (0.03) 

0.38 (0.18) 0.20 (0.08) 1.23 (0.75) 

1.1 (0.2) 0. 7 (0.1) 3.0 (1.7) 

3.4 (12) 28 (6) 13 (7) 
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TITAA3E POI.AROORAPHIQIJE DES SUBSTANCES 1-U-liQUES EXTRAITES 

ET DES EAUX INTERSTITIEU.ES DE SEDIMENTS 

PRELEVtES AU VOISINAGE DE REJETS URBAINS 

L. MENAPGUES, F. GIULIERI et J. BENAIM 

Laboratoire de Chimie des Organometalliques, 
Universite de Toulon, La Garde (France) 

ABSTACT: Marine sediments from polluted areas are studied 
to evaluate the organic-matter metal interactions.Good agreement is 
found between Fluorimetric analysis and Polarographic titration of 
interstitial waters.Extracted humic substances are also titrated.The 
pseudopolarographic method is proposed in some cases to get a better 
understanding of the complexation processes. 

Trois sites de la Mediterranee nord-occidentale (C5te d'Azur), 
ont ete etudies en vue de definir la qualite des fonds marins au 
voisinage de zones de rejets en mer d 'emissaires urbains. 

Une premiere approche globale de la matiere organique 
complexante en solution dans les eaux interstitielles est effectuee 
en considerant leur absorption par spectroscopie de Fluorescence. 
Cette estimation est completee par les mesures des capacites 
complexantes par rapport au cuivre obtenues par dosage amperometrique. 
( 1) 

D'une maniere generale,il existe une bonne correlation entre 
1' intensi te de fluorecence des eaux et les concentrations en ligand 
estimees par la methode polarographique. 

Les valeurs de capacites complexantes par rapport au cuivre ne 
donnent cependant pas de renseignement permettant d'identifier les 
especes chimiques mises en cause dans les reactions de complexation 
du cuivre.(2) 

Il est alors utile de completer ces mesures par titrag.e 
pseudopolarographique des echantillons.(3)(4) 

Cette approche particuliere,permet alors d'associer principale
ment les phenomenes de complexation a !'importance des substances 

humiques en solution. 
Des substances humiques extraites du sediment solide,et 

~"- imiquement bien caracterisees ont ete· remises en solution et 
dosees par ajouts de cuivre. 

Les traces obtenus sont en accord avec ceux des eaux intersti
ti~lles.On a ainsi une bonne modelisation des phenomenes observes 
dans les eaux naturelles notaminent en ce qui concerne le sui vi des 

variations de certains pies et de leur attribution. 
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APPORTS DE MATH~RE A LA MEDITERRANEE PAR LA VOlE ATf'!X)SPHER!QUE 

Christophe MIGON°, Gerard COPIN-MONTEGUT 00 et Jacques MORELLI 000 

0 Laboratoire de Thermodynamique Experimentale, UER, Institut 
Polytechnique Mediterraneen, Pare de Val rose, Nice (France) 

oo Laboratoire de Physique et Chimie Marines, UA CNRS 353, B.P. 8, 
Villefranche-Sur-Mer (France) 
Institut de Geochimie Marine, UA CNRS 386, Ecole Normale superieure, 
48 rue d' Ulm, Paris (France) 

Dans le cadre d'une etude de !'apport atmospherique a la Medi
terranee, nous avons installe une station d'observation sur le site 
du semaphore du Cap Ferrat (Alpes Maritimes) ou nous collectons se
parement les retombees seches et humides et l'aerosol (filtration 
d'air a environ 5 m de haut). Le semaphore fournit toutes les don
nees meteorologiques necessaires (hauteur des precipitations, force 
et direction des vents) et nous utilisons pour des situations don
nees la trajectographie des masses d'air. Cet echantillonnage sys
tematique a p~ur but d'etablir, en relation avec d'autres sites 
d'observation (en particulier celui du Col de Bavella, Corse) un 
bilan annuel de matieres apportees a la mer par voie atmospherique. 

Les analyses effectuees concernent les elements et especes 
suivants : Na (reference marine), Al (reference terrigene), Zn, Cu, 
Cd, Pb, S, NH,T, N0 3 -, No 2 -, Po,'-. Na est analyse par absorption 
atomique en flamme air-acetylene ; Al par absorption· atomique avec 
micro-four de graphite ; Zn, Cu, Cd et Pb par absorption atomique 
avec micro-four (a l'etat solide) ou par voltamperometrie de redis
solution anodique a impulsions differentielles (en solution) ; les 
ions azotes et les phosphates sont analyses par colorimetrie sur 
chaine Technicon. 

Les. resultats montrent une composition tres differente des ae
rosols suivant l'origine des masses d'air. Pour ce~tains C1e~ents 
la composante anthropique est preponderante par rapport a la campo
sante "naturelle". L'intensite des retombees est tres variable dans 
le temps et marquee par des episodes d'apports intenses reparties 
sur quelques jours de l'annee (en particulier poussieres rouges en 
provenance du Sahara). Seul un echantillonnage serre permet de pren
dre en compte ces apports sporadiques qui ont une influence deter
minante sur le bilan annuel des retombees. 

Il apparait deja que les apports de sels azotes a la Mediter
ranee par voie atmospherique ne sent pas du tout negligeables. Ils 
ne modifient pas de fa~on importante les bilans de sels nutritifs 
a 1 'echelle du Bassin Mediterraneen (Bilans etablis a partir des 
apports telluriques et des echanges a travers les detroits). Nean
moins, par leur caractere impulsionnel, ils peuvent contribuer a 
initier des blooms planctoniques, particulierement en periode ou 
Ia stratification des eaux est maximale et ou ces eaux sont "nor
malement" depourvues de se1s nutritifs (debut de l'automne). 



C-25 

CONTRIBUTION OF PLANKTONIC EXUDATES TO CCcu OF SEAWATER 

E. MORELLI, F. ORSINI, L. NANNICINI and A. SERITTI 

CNR, Istituto di Biofisica, Via S. Lorenzo 26, Pisa (Italia) 

A laboratory experiment with the phytoplanktonic alga Dunaliella 

salina was .performed in order to acquire information about the 

interactions between heavy metals and dissolved organic matter 

(DOM) in seawater. 

DPASV measurements of copper complexation capacity (CCCu) were 

adopted for estimating the formation, using copper, of stable com

plexes of extracellular ligands ( 1) • 

Two algai assays were carried out using 5 liters of natural 

seawater as culture medium. Culture A (see fig. 1 ) was performed 

with natural seawater passed through C-18 Sep-Pak cartridges before 

the inoculum, in order to remove the organic ligands naturally 

present. This pre-treatment was omitted for culture B. The cultures 

(initial cell concentration 1 o4cells/ml) were maintained under 

illumination at 2500 lux in a thermostatic room at +23° c. Seven 

days after the inoculum (final cell concentration 10 6cellsjml) the 

cultures were centrifuged and then filtered on 0.45 11m membrane 

filter. The culture media were then passed through C-18 Sep-Pak 

cartridges in order to concentrate and separate cell exudates ca

pable of forming stable complexes with copper ( 2, 3) • It '~as as

sumed that the DOM retained by Sep-Pak at the end of the experiment 

would be represented by exudates due to cell growth. This fraction 

was eluted with 8 ml of pure MeOH in order to remove these organic 

compounds. The metanolic extracts were diluted to 500 ml with 

organic-free seawater, and CCCu measurements were performed on 

this solution. In fig .1 the experimental scheme and the results 

are reported. 

The results show an appreciable cell contribution to the Lt 

values. The comparison between the Lt of the culture medium before 

passing through Sep-Pak and that related to the eluates of the 

cartridges shows that these present a good retention efficiency 

(_70%). This value is higher than that obtained for natural seawater 

(-50%), which seems to suggest that the cells produce organic 
substances with high affinity to the metals. Moreover the sum of 

7days 

Fig. 1 - Experimental scheme 
L =mol Cu++.dm-3 .10-7 

L =1.5±0.12 
K = 3.4 ±0.87 

-1 3 7 
K = mol . dm .10 

7days 

the Lt values of both the eluates of the Sep-Pak is nearly that of 

the medium before the Sep-Pak treatment, which shows a good mass bal

ance. On the contrary, the Kc values present variations which are 

difficult to account for, because of the high error due to its esti

mation by CCCu measurements. As regards this problem it must be undeE 

lined that the data analysis of the DPASV measurements of CCCu here 

reported was performed by the least squares method implemented on the 

computer (4). In fact, this new method allows the errors in the Lt 

and Kc estimates to be acquired so that the comparison among the 

obtained values presents a more rigorous significance. 
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PALEOHYDROLaJIE DE LA MffiiTERRANEE ORIENTALE 

PENDANT LES PERIODES DE STAGNATION DEPUIS 220 COO ANS B.P. 
-A. MURAT 0

, Y. MEAR0 et H. GOT 0 o 

o INTM, B.P. 262, Cherbourg (France) 
00 LSGM, Universit€ de Perpignant Avenue de Villeneuve, Perpignan (France) 

L 1 etude des niveaux p€lagiques d I une cinquantaine de carottes realis€es 
sur l'ensemble de la Mediterrani\e Orientale a permis de proposer une stratigraphie 

haute resolution des depots depuis 600 000 ans B.P. (MURAT et GLACON, 1986). 
Parmi les 77 niveaux li thologiques reconnus 2 13 reprBsentent des niveaux 

sombres, riches en carbone organique ( C .0 .> 1%), les sapropeles. 
Si taus les auteurs s 'ace ardent pour penser que le d€p6t des saprop€les 

resul te de peri odes de stagnation, leur avis res tent cependant tres partage quant 
a l 'origine de ces stagnations. 

A partir d 'une approche originale, l 'etude detail lee des variations des 
taux de carbone organique (MURAT, 1984) nous tentons d'apporter quelques elements 
de reponse. 

L • etude des sept sapropeles les plus recents C < 220 000 ans B. P.) a mon-
tre qu'il existe une tres forte correlation (0,9l.;;r<;0,99) entre la teneur en C.O. 
d' un sapropele donne et la profondeur au moment du depot. Les couples de valeur 
(% C.O. et Profondeur) se repartissent suivant des droites de la forme C.O. = aP+ b. 

Si pour certains sapropeles, tel que le sapropille S1 ( 8000 ans B. P. ) , une 
seule droite suffit a decrire l'ensemble du bassin, pour d'autres (S3,S4,S6,S7 et S8) 
par centre, plusieurs droi tes sont necessaires pour repr€:senter les variations a 
1 '€:chelle du bassin. On observe done une diff€renciation geographique du ph€mom€:ne 
d'enri-chissement en C.O. avec la profondeur. 

Pour comprendre cette differenciation geographique et determiner les fac
teurs qui sont a l'origine des stagnations, nous avons considere une teneur en C.O. 
de 3% (Valeur la plus forte recoupee par toutes les droites). Nous avons ensuite 
reporte sur une carte, pour chaque sapropele, la profondeur a laquelle cette teneur 
etait atteinte dans les differentes parties du bassin. On considere que plus cette 
profondeur est faible' plus le confinement etai t important. 

La carte obtenue pour le sapropiHe S8 (220 000 ans B.P.) montre une nette 
evolution d'Est en Ouest. La stagnation la plus forte se situe face au debouche du 
Nil et serait done a relier avec d' importants apports d' eau douce par ce fleuve. 

Pendant le depot du sapropele S5, ( 127 000 ans B. P.) la stagnation appa
rait nettement plus intense (11% de C.O. a 3000 m de profondeur) et relativement 
homogene sur 1 'ensemble du bassin. 

Pour le sapropele 4 ( 105 000 ans B.P.) la stagnation semble se developper 
a partir de la Mer Egee a travers les seuils de l' arc hellenique. 

Il apparait done que les saprop<Ues quaternaires de Mediterranee Orientale 
ne ferment pas une entite. Si chacun d'entre eux resulte bien d'une stagnation 
de la tranche d'eau, celle-ci n'a pas toujours la meme origine. 

Le Nil semble avoir joue un role determinant pour les saprop<Hes deposes 
entre 220 000 ans B. P. et 170 000 ans B. P. ( S8, S7 et S6) . Cette peri ode correspond 
au pluvial (Said, 1981) qui a marque la fin du puissant fleuve qu'etait le Prenil. 
L'influence du Nil est ensuite progressivement relayee par celle de laMer Egee entre 
130 000 ans B.P. et 80 000 ans B.P. (S5,S4 et S3) et done probablement par les 
fleuves qui alimentent la Mer Noire( Danube, Driiepr , Don, ... ) . 

A certaines p€:riodes un rechauffement brutal a pu accentuer une tendance 
au confinement en favorisant la stratification de la masse d' eau. Cette hypothese 
semble pouvoir expliquer le depot des sapropeles S1 ( 8000 ans B. P. ) et S5 
( 127 000 ans B. P.) qui correspondent respectivement aux terminaisons isotopiques 
I et II. Pour ces deux sapropiHes, la stagnation apparai t homogene a l 'echelle de 
la Medi terranee Orientale. 

MURAT A., 1984 
Sequences et paleoenvironnements marins quaternaires. Une marge active 
l' arc hellenique oriental. These de 3e cycle 
Universite de Perpignan, 220 p. 

MURAT A. et GLACON G., 1986 
Methode rapide de correlation des depots quaternaires de la marge hel
lenique (Medi terranee Orientale) 
Bull. Soc. Geol. France (Sous Pre sse). 

SAID R., 1981 
The geological evolution of the River Nile 
Springer-Verlag. Ed. 151 p. 
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ADSORPTION STUDY OF NATURAL ORGANICS CO'-IPLEXED WITH (u(II) 

IN SEAWATER BY VOLTAM>IETRY (DPASV) 

M. PLAVSIC 0
, H. BILINSKI 00 and M. BRANICA 0 

o Center for Marine Research, Zagreb (Yugoslavia) 
Department of Physical Chemistry, "Rudjer Boskovic" Institute, 
Zagreb, Croatia (Yugoslavia) 

In the frame of the long-term studies on the physico-chemical characteri

zation of trace metals in seawater and their interaction with solid particles, 

adsorption isotherms have been determined for Cu (II) , Pb (II) , Zn (II) and Cd (II) 

ions and their labile complexes (Bilinski et al., 1976, 1977; Plavsic et al. 

1980; Vancina et al. 1986). 

The adsorbabili ty of natural organic ligand in seawater and of their inert 

complexes with Cu(II) in the present work has been studied. Some "model" solids 

were added to natural seawater and after one day of equilibration and filtration 

(0.45;um pore size)· the copper complexing capacity of the filtrate was determined 

(Plavsic et al. 1982). Natura-l organic matter in seawater was found to be practi

cally completely adsorbed on the chrysotile mineral Mg6Si4(0H) 8 • With Na-0.392-'t 

-Al203 (Vordonis et al. 1984), with commercial "Alon" ( r-Al203) as well as with 

,-----------------. "Aerosil 200" (Si02 ) no change of Cu-complex
ing capacity curve was observed in filtered 

sample, indicating that natural organic mat

ter was not adsorbed on these particles at 

pH = 8. 

The experiments were performed to study the 

pH effect on Cu-complexing capacity as is 

present in Fig. 1. a) in filtered seawater 

(Q;O ), b) in UV-irradiated seawater to which 

'!-Al203 was added (A), and c) in natural 

seawater with added 6 -A12o 3 ( '17). The results 

suggest that protons and Cu ions compete for 

the same binding places of dissolved organic 

matter and that at pH=5 equal amounts of HL 

and CuL species &xist in solution. 

Fig. 1 Copper(II) complexing capacity vs. 

concentration of added strong acid (cAl, 

determined in filtered seawater ( 0 ) , UV 

:---~~~._-':10_,...._~....__._,_:t'-"'...__._._~ irradiated seawater with (-Al2o 3 CA), and 

~ >•16 <•molldm'''16 in natural seawater with (-Al2o 3 (V). 
Measured pHNBS are indicated for each point. 

In order to check the adsorbabili ty of inert CuL complexes the 

measurement of ionic and labile Cu(II) in the filtrate at pH=8 and at pH=2 

was applied. In the case when identical peak heights are observed at both 

pH one can conclude that CuL is adsorbed on solid surfaces. If the peak 

heights increase upon acidification the difference corresponds to the part 

of Cu(II) present as CuL in the filtrate. 

Results indicate that CuL is strongly adsorbed on f -A12o 3 , Si02 , Caco3 
ana chrysotile and that it does not adsorb on northupi te mineral particles. 
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MErAUX TRACES DANS DES ORGANISMES DU MA.CROPLANCTON GELATJNEUX 

DE MEDITERRANEE NORD-ocCIDENTALE 

M. ROME0°, M. GNASSIA-BARELLI 0 et C. CARRE 00 

o INSERM, Unite 303, B.P. 3, Villefranche-Sur-Mer (France) 
oo CNRS, UA 716, B.P. 28, Villefranche-Sur-Mer (France) 

Des echanti11ons de "macroplancton gelatineux" ont ete preleves en mai 1984 dans 

1a Baie de Vi11efranche-sur-Mer afin d'etudier leur contenu en metaux traces (cadmium, 

cuivre, plomb et zinc). 

Les organismes macroplanctoniques ont ete peches, a 500 m de 1a cote, a 10m de 

profondeur a 1'aide d'un filet Regent de mai11e 680 pm a partir d'un petit bateau de 

la Station Zoologique de Vi11efranche-sur-Mer. 

Aprl!s 1a peche, 1es echanti11ons ont ete laisses 2-3 heures dans de 1'eau de mer 

filtree afin qu'ils se vident de leur contenu stomacal. Les echanti11ons, le plus 

souvent constitues par un assez grand nombre d' individus d'une meme espl!ce (surtout 

pour les petites espkesl ont ete identifies et mesures a l'aide d'un 

stereomi croscope. 

Les analyses de metaux traces ont ete effectuees sur les echantillons mineralises 

par absorption atomique en flamme air-acetyll!ne pour le zinc et en polarographie de 

redissolution anodique (DPASV) pour le cadmium, le cuivre et le plomb. Afin de tester 

la validite de nos methodes, nous avons analyse un materiel biologique standard fourni 

par le CNR du Canada (echantillon d'hepato-pancreas de homard). Les precautions les 

plus strictes ont ete prises afin d'eviter toute contamination pendant le prell!vement 

et ]'analyse des echantillons. 

Le poids sec des echantillons a ete determine mais cette mesure est imprecise du 

fait du poids de sel important chez 1es organismes gelatineux. Le phosphore a done ete 

ana lyse comme parametre de reference. 

les organismes preleves font partie d'une part des Cnidaires : ce sont des 

Hydrozoaires (Hydromeduses et Siphonophores) et des Scyphozoaires et d'autre part des 

Tuniciers (Thaliaces). 

Le domaine de variation des teneurs en metaux, exprimees en ng de metal par 

individu, est donne pour 1es differentes espl!ces dans 1e tableau ci-aprl!s : 

Cd Cu Pb Zn 
ng par ind:ividu 

E. CN IDAI RES 
C. HYDROZOA! RES 

0. Hydromeduses : 
Zanclea, Clytia, Aglaura 0,1-1,8 0,7-16,5 0,4-14,9 56-248 
u.-slpfiOnophores -:--
Aga 1ma, Ha 1 istemma, 
1:JieTOPilyes, Abylopsis 4,5-39,5 14,7-337 5,3-116 453-5673 

C. SCYPHOZOA! RES 
0. Semeostomes : Pelagia 123-1040 820-3297 152-2080 17000-76000 

E. TUNICIERS 
C. THALl ACES 

0. Salpes : Thalia, Salpa 0,2-6 1,2-18,0 0,1-14,3 6,5-61,1 

Les resultats mont rent une difference significative entre les teneurs en metaux 

des Tuniciers et de certains Cnidaires etudies ; ces derniers, a ]'exception des 

Hydromeduses, ayant des teneurs significat ivement p 1us fortes en metaux. La teneur en 

metaux des Pelagia augmente avec leur taille (diametre ombrellaire compris entre 3 et 

5 em) et peut atteindre 1,0 pg Cd ; 2,0 pg Pb, 3,0 pg Cu et 76 fJg Zn par individu. 

Lorsque 1es resultats sont exprimes en pg de meta 1 par mg de phosphore ou par g 

de poids sec, ia difference entre Cnidaires et Tuniciers demeure significative 

seulement dans le cas du zinc. Les concentrations moyennes de zinc sont pour les 

Tuniciers de 10,6 ± 6,4 pg Zn par mg P ou 10,5 ± 5,7 pg Zn par g de poids sec (n = 10) 

a~o[s que pour les Cnidaires, elles sont de 63,0 ± 30,2 pg Zn mg P-~ou 82 ±. 42 pg Zn 

g (n = 15). 

Les especes, a cycle de vie long (Siphonophores et Scyphozoaires) et carnivores 

sembleraient done accumuler plus les metaux traces et en particulier le zinc que 1es 

Salpes etudiees a cycle de vie plus court et consommatrices de phytoplancton. Ces 

dernieres especes Salpa fusiformis et Thalia democratica bien qu'elles ne concentrent 

pas beaucoup les metaux, montrent cependant une variation significative des teneurs en 

zinc en fonction de leur taille. 

Cette etude pre 1 imina ire des metaux traces dans les organi smes du macrop lancton 

gelatineux presente done un interet du point de vue de la pollution, elle pourrait 

donner aussi des informations utiles sur la taille, 1'age, 1e temps de generation et 

le type de nourriture des organismes etudies. 
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DISTRIBlffiON OF NUTRIENTS IN THE AlBoRAN SEA 

A. SERITTI, E. MORELLI, G. SCARANO, L. NANNICINI and F. ORSINI 

CNR, Istituto di Biofisica, Via S. Lorenzo 26, Pisa (Italia) 

The Strait of Gibraltar and the Alboran Sea present a great in
terest to oceanographers since the hydrodynamical processes of this 
area govern the transport and exchanges of seawater between the 
Atlantic Ocean and the Mediterranean Sea (NORDA, 1985). The study 
of physical and chemical parameters in this area is fundamental 
for knowing the nature and the magnitude of these exchanges. As 
regards the nutrients, the concentrations of phosphorus and nitrogen 
in this region, both measured and calculated, were used to predict 
the Mediterranean balance of these elements w·ith respect to its 
potential fertility (Bertoux, 1981). Recently, papers have appeared 
in the literature where the vertical pattern of nutrient species 
was discussed in relation to trace metals, and the correlations 
which were found in the Pacific and Atlantic Oceans were compared 
to those of the Mediterranean (Bruland, 1980; Bruland and Franks, 
1983; Spivack et al.,1983; Statham et al.,1985). 

As a part of an extensive study on the distribution and speciation 
of trace metals in the Western Mediterranean including their rela
tion to the pattern of labile nutrients, this paper reports prelim
inary data, referring particularly, to the distribution of nutrients 
in the Alboran Sea. 

Seawater samples were collected in September 1985 during a 
cruise in the Western Mediterranean carried out with the Oceanog
raphic Ship "Bannock" of the Italian National Research Council 
(C.N.R.). The data here reported refer to five stations located 
between the Strait of Gibraltar and the Isle of Alboran as shown 
in Fig. 1a. Sampling and analytical r;rocedures were performed 
according to Grasshoff (1983). 

Nutrient concentrations (Fig. 1 b-e) show the expec.ted trend 
with a depleted surface layer, an increase in the mixing zone 
(up to 200 m) corresponding to increasing values of salinity, and 
nearly constant concentrations in the waters deeper than 200 m.' 
In particular, the dissolved phosphorus (P-POi) and nitrogen (N-N0

3
) 

in the superficial layer up to 50 m with a sa inity of 36.6%o , 
which is typical of Atlantic inflow waters, presented a concentra
tion ranging from 0.04 to 0.12 ~g-at/1 and from 0.1 to 1.7 ~g-at/1, 

respectively. In the deep waters down to 200 m, with a salinity 
of 38.7%. , the concentration of the nutrients was more constant 
with a range of 0.35 - 0.40 ~g-at/1 for phosphorus and 8.5 - 9.8 
~g-at/1 for nitrogen; these values are in agreement with those 
reported in the literature for deep Mediterranean seawater (Millero 
et al., 1978}. The data here reported on phosphorus particularly 
related to surface inflow of Atlantic water (0.07 ~g-atP/1} seem 
to be in agreement with those calculated by Bertoux (1981) at the 
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Fig. 1 - a} Study area. b-e) Profiles of salinity, phosphate, 
nitrate and silica (St. 3 to 7). 

Strait of Gibraltar, considering the global budget of this element 
in the Mediterranean, although its organic forms would need to be 
estimated for drawing final considerations. 

As regards trace metals, a preliminary analysis of the results 
so far available shows that for Cd the vertical changes and corre
lations with the dissolved phosphorus were less evident in the 
Mediterranean profiles than those reported for the Atlantic and 
Pacific waters (Bruland, 1980; Bruland and Franks, 1983). 
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SYSTEME DE COz - CARBONATES DANS LES MSSINS DE CONCENTRATION 

CCl'\PARAISON ENTRE LA MffiiTERRANEE ET LA MER ROUGE 

Ekaterini SOUVERMEZOGWU 

National center of Marine Research, Hellinikon (Greece) 

Abstract :The Mediterranean and the Red Sea are two concentration basins 

with numerous common characteristics. In comparison with the adjacent 

ocean, both have a lower biological activity and a higher calcium car

bonate oversaturation. Differences appear in IC0 2 (35) and AT (35), 

due to the different exchange of co 2 between the surface water and the 

atmosphere. 

Pendant les campagnes MEROU A(16 juin-4 juillet 1982) et MEROU B 

(25 septembre - 9 octobre 1982), les parametres du systeme gaz carboni

que-carbonates ant ete mesures sur une coupe longitudinale dans la Mer 

Rouge (TAAF 1984, Souvermezoglou 1985). 

Nous avons essaye de comparer la distribution et 1 'evolution de ces 

parametres dans les deux ba.ssins de concentration: la Mediterranee et 

la Mer Rouge. En Mediterranee, les donnees sur les. parametres du sy

steme gaz carbonique-carbonates sent peu nombreux et concernent surtout 

la Medi terranee Occidentale. Pour cet te etude comparative, no us a vans 

utilise celles de la campagne MEDIPROD IV (Med.Occidentale) (CNRS 1984) 

et la station 404 GEOSECS (Med. Orientale). 

Les deux bassins presentent des caracteristiques hydrologiques: 

- bilan d ·eau negatif, compense par une entree d 'eau en surface par 

1 'ocean voisin, 

evolution de cette eau' qui demeure pres de la surface' a me sure qu

elle progresse dans la bassin, sous les effets climatiques de ces 

regions (accmissement de sa densite)' 

- melange de cette eau avec les couches d 'eau sousj acentes et plongee 

dans certaines regions pour former 1 'eau intermediaire et profonde' 

mais egalement des caracteristiques biogeochimiques tres semblables: 

activit€ biologique mains intense par rapport a 1 'ocean, 

sursaturation en calcite et en aragonite plus importante dans le 

bassin par rapport a l'ocean. 

En Mediterranee, 1 'eau superficielle venant de 1 'Atlantique conserve 

son titre en IC0 2 (35) et AT (35). Cette conservation de carbone inorga

nique en surface, malgre son utilisation par la photosynthese et la 

formation de carbonate de calcium peut etre expliquee par la penetra

tion du co 2 atmospherique. Porot et Poisson (1983) ant observe qu 'au 

moment des prelevements de la campagne MEDIPROD IV, la pression partiel

le du C0 2 dans l'eau de surface etait toujours inferieure i celle de 1' 

air susjacent et que l'on est done en presence d 'une penetration du co
2 

dans d- eau. 

La comparaison entre les pressions partielles du gaz carbonique dans 

l'air (Gaufry et Monfray, 1984) et dans les eaux de surface (Beauverger 

et Poisson, 1984) pendant les ca~pagnes MEROU a demontre que les eaux 

de surface de la Mer Rouge sont en general, significativement sursatu

rees en gaz'carbonique par rapport a l'air, avec une difference de pres

sion partielle entre 1 'eau et l'air de+14a+25(±5)ppm.L 'entree du co
2 

dans cette mer s'assure presque exclusivement par l'intermediaire de 1' 

eau fro ide entrant du golfe d 'Aden en subsurface. Cette eau riche en 

carbone inorganique total et en sels nutritifs s 'appauvrit pendant son 

sejour en surface par 1 'utilisation photosynthetique et par la formation 

biogenique du carbonate de calcium. Elle plonge en hiver au nord pour 

former 1- eau intermediaire et profonde. La concentration en IC0
2 

(35) 

augmente en profondeur a cause de la reconstitution du co
2 

par la de

composition de la matiere organique. Au contraire, 1 'AT (35) diminue 

avec 1 'appauvrissement des eaux en calcium par sedimentation du Caco
3

. 

En Mediterranee, 1 'eau profonde s 'enrichie par rapport a 1 'eau de sur

face pour les memes raisons que la Mer Rouge. Par contre, 1 'AT (35) aug

mente dans 1es eaux profondes. 
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Resume: 

ETuDE DES CONCENTRATIONS EN FE, ZN, (u, flB ET Co 
cHEZ Nocr r LUCA sc r NT I LLANS A LA suITE D' UN PHENO'<tNE 

"D'EAU RCXJGE11 DANS LA PAlE D'URLA 

Sezginer TUNCER 

Hydrobiology and Water Resources Research Center, 
Ege University, Urla/Izmir (TUrkey) 

Nous avons observe le 19 Janvier 1984 a 12 H 30 (heure .locale) un phenomene 
"d'eau rouge" dans la baie· d'Urla; Celui-ci etant du a une espece de 
dinoflagelles ( Noctiluca scintillans) . Un preh~vement a ete immectiatement 
effectue pour les dosages des metaux: Fe, Ol, Zn, Pb et Cd .. Parallelement un 
echantillon temoin d 'eau du large a ete etudie. 

Pour comprendre ce phenomene ecologique complexe, nous avons du noter les 
parametres physico-chimiques et meteorologiques de cette periode. 

Abstract: 
We observed "Red tide" phenomenon at the bay of Urla on January 19,1984 

(local time of 12.30 p.m) that occured l::1y Noctiluca scintillans of 
Dinoflagellates. 

'Ihe sampling was . made to analysis of metals immediately. At the same time, 
offshore sea water samples were analyzed also. 

When determination of this =mplex ecological phenomenon we attend to 
physico-chemical and meteorological parameters too. 

Ce type d'eau rouge du a Noctiluca scintillans a deja ete observe en 1967 en 
Bretagne par GRALL et LEVEFRE., (l) et 1982 et 1984 par KORAY, .(2). Il nous a 
paru interessant d 'etudier les concentrations en metaux lourds a la fois dans 
les organismes et dans le milien, environnant, car peu de travaux de ce genre 
avaient ete effectues jusqu 'a present. 

Notre phenomene etait tres restreint (0.5 a lm2J et il n'a dure que 3 heures; 
1 'eau avait une teinte tirant sur 1 'orange vif. La temperature, le pH et la 
SX,., d'apres les travaux de KORAY, 1984 etaient respectivement de 12 c: 6. 7 et 
28.2%0 • La densite monospecifique de N.scintillans etait au max. de 180.000 
C/1. 

Les donnees meteorologiques nous precisent gue la premiere quinzaine de 
Janvier a ete tres pluvieuse; 167.40 kg/m~ entre le 5 et 13 Janvier alors que 
les precipitations du mois de Janvier totalisent 24 7. 7 kg/m 2. Apres une 
interruption, de 3 jours, la pluie reprend le 17 janvier avec 8.8 kg/m2 en une 
seule Journee et un vent violent de direction nord-sud (Force 8 Beaufort) . Le 
18 et 19 le temps est calme et pen nuageux. Quelques heures aprE'>s 1' apparition 
du phemomene, le vent s 'est: leve et les eaux rouges ont disparu. 

L'etude en laboratoire s'est faite sur un echantillon de 20 l. Un filtre 
papier a permis de recolter 422.511 g (poids humide) de N.scintillans, Apr~s 
passage a l'.etuve a l05oC pendant une nuit il ne restait que lS. 769 g (poids 
sec.) 

La mineralisation a ete faite dans des ballons en pyrex par 1 'acide 
nitroperchlorique {2:1) a chauffage thermostate sous un reflux. Apres 
ac1dification (pH=2) l'eau de mer temoin et l'eau rouge issue du filtrat ont 
ete conservees a -20 ·c jusqu 'a analyse des metaux. 

Le dosage des me'taux dans 1 'eau et Pb et Cd Chez N.scintillans s 'est fait par 
Spectrophotome'trie d'absorption atomique Perkin Elmer 360 HGA a l'aide d'un 
four atomiseur. Un systeme Varian Techtron Modele 1250 air-acetylene a ete 
utilise pour etudier le Fe, Ol, et Zndans les organismes. Tous les dosages ont 
ete faits en double et sent presentes dans le tableau sui vant. 

Tableau I. Concentratlons moyennes en metaux lourds chez N. scintillans 
et dans 1 'eau. 

Fe Zn Pb Ol Cd 
N.scintillans 926.9 80.96 29.0 IT.22 2.'21 

1 'eau de mer 
sous le fil trat 0.530 1.030 1.036 0.180 0.150 
(ppm) 

1 'eau de mer 
teinoin 0.510 0.850 1.285 0.140 0.088 
(ppm) 

D'apres le tableau, les concentrations chez N.scintillans de Fe et Zn sont 
plus importantes que celles de Pb, Ol et Cd. Mais la teneur en Fe 926.9011g/g 
(poids sec) est nettement superieure a toutes les autres. 

Les teneurs en metaux dans 1 'eau temoin et sous le filtrat sont sensiblement 
egales. Pour comprendre ces "eaux rouges" il faudrait faire des pr€levements 
permenents durant cette periode et prendre note des resultats obtenus 
ci-dessus. Pour cette raison, il faut considerer cette etude comme 
pnHiminaire. 
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ETUDES DEs MErAUX LCX.JRDS CZN, Cu, PB, CD, ftT) CHEZ cERTAINS oRGANISMEs 

AUTCX.JR DE L'ILE i<ARANTINA (URLAilZMIR- TURQUIE) 

Resume: 

S. TUNCER et 0. YARAMAZ 

Hydrobiology and Water Resources Research Center, 
Ege University, Urla/Izmir (Turkey) 

Dans ce recherches nous avons dose les teneurs en metaux lourds chezles organis
mes commestibles comme Patella vulgata, Monodonta turbinata, Mytilus galloprovinci
alis, Paracentratus liv1dus v1vant autour de I 'de karant1na. 

Les resultats obtenus ont montre que les concentrations moyennes de Zn,Cu,Pb,Cd 
et Hg varient de 17.85 a 107.00 ; de 0.878 a 21.100 ; de 0.375 a 4.640 ; de 0.112 
a 0.445 et de 0.044 a 0.240 pg/g poids numide en fonction des dechets caracteristi
ques et des regimes alimentaires des especes etudiees. 

Introducti~ 

Apres avoi r etudie les effets des polluants chimiques dans divers secteurs 
autour de 1 1 ile Karantine ( 1 ,2) nous presentons quelques resultats. sur les teneurs en 
metaux Iourds chez differents organi smes des zones supra et infra! i ttorales. 

Materiel et methodes : 

Quatre stations diametralement opposees ont ete choisies auteur de cette ile aont 
deux sont caracteristiques par leur proximite d 1 un centre hospitalier (st.1, 3) fig 1. 

Les organismes etudies sont pour !a zone supralittorale Patella vulgata,Monodon
ta turbinata et pour l'infralittorale, Mytilus gallopravincial!s, Paracentratus 
l!v1dus (gonade). 

Les prelevements se font trimestrbellement sur une annee a partir d 1octobre 1982. 
Les echantillons sont corserves a -20 C avant analyse. Les parties molles des orga
nismes sent traitees chimiquement dans des ballons pyrex par l'acide nitro-perchlori
que sous reflux jusqu'a oxydation complete de la matiere organique. 

Pour la determination de Ia teneur en Zn et Cu nous avons uti lise un Spectropho
tometre d'absorption Atomique Varian Techtron 1250 a flamme air-acetylene. Le mercure 

Fig 1. aarte de lc: baie d I 
es stations. 

Izmir: localisation 

est dose par l' AAS sans flamme ii l' aide 
du kit modele 64 As/Se/Hg {3). Pour le 
Pb et Cd no us avons utilise l 1 AAS 
Perkin ELMER 360 HGA 74 avec Four Ato
mi seur. 

Resul tats et Discuss ions 

Le tableau I montre une variation 
caracteristique des concentrations en 
metaux se 1 on l es stations et l es orga
nismes. 

Tableau : I Concentrations moyennes en metaux lourds 
chez les organismes. \pg/g poids humide) 

Esp~ces St. Poids Zn Cu Cd Hgt 
sec% 

18.523 3.235 4.050 0.410 0.137 
P.vulgata 43.20 18.846 1.900 1.925 0.112 0.044 

21.510 3.488 4.120 0.380 0.240 
19.500 3.280 1.440 0.582 0.060 

19.375 10.065 6.670 0.445 0.230 
M.turbinata 23.25 17.850 13.610 1.845 0.412 0.050 

107.000 21.100 4.640 0.362 0.090 
33.525 12.640 3.000 0.135 0.090 

M.gallop. 23.50 26.571 9.500 3.810 0.210 0.220 
20.240 2.095 1.600 0.200 0.060 

23.970 1.337 2.573 0.148 0.118 
P.lividus 23.70 25.922 0.878 0.375 0.150 0.063 
(gonade) 39.900 5.040 2.425 0.186 0.200 

D'apres les resultats moyens (65 prelevements) nous constatons que les teneurs 
en Zn, Cu, Pb sont superieures chez M.turbinata et P. vulgata vivants pres de !a 
zone ou debouchent les collectuers de Ia blanch1ssene de 11 hopital (St.3). 

Chez P. vulgata 1' accumulation des metaux lourds est assez homogene dans toutes 
les statio~ntraire ·M.turbinata et M. galloprovincialis accumulent beaucoup 
plus le Zn a proximite des collecteurs domesbques de I 1hop1tal (St.1 ). D'apres 
AISSI., 1978 M. galloprovincialis est une espece Filter Feeders reconnue comme 
detectrice accumulations de Zn. 

·routes les especes vivants pres- de collecteurs (St. 1) presentent des concentrat i
ons 'importantes en Pb M. turbinata 6.670, P.vulgata 4.050, M. ga!lopravincialis 
3.810, !'· lividus (gonade) 2.573 pg/g. ----

II faut enfin noter que les teneurs en Hgt restent encore faibles par rapport 
aux autres metaux malgre cet etat de pollution. 

En conclusion il apparait une difference ii la hausse significative des teneurs 
en rretaux Jourds chez ces organismes par rapport aux precedents travaux par (5,6). 

1. TUNCER (S.), YARAMAZ (0}, UYSAL (H.)., 1984.- 3 rd International Congress on 
the Zoogeography and Ecology of Greece and adjacent region. 
Patras. 

2. YARAMAZ (0), TUNCER (S)., 1985.- Rapp. Comm. int. Mer Medit., pp.101-102 
29,7. 

3. BRODiE., 1979.- Conference on Analytical Chemistry and Applied S~ectroscopy 
Cleveland, March 5-9, 1979. 

4. AISSI,(A)., 19/8., IV es Journees Etud.Poll.,pp.207-221, Antalya CIESM. 

5. TUNCER (S), UYSAL (H)., 1982.- IV es Journees Etud, Poll. pp.307-313. Cannes, 
CIESM. 

6. TUNCER (S.), 1985.- Doctorate Thesis, 86 p. Izmir. 
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AN ASSESSMENT OF METAL POLLLITION IN THERMAIKOS GuLF, GREECE 

F. VOUTSINOU-TALIADOURI 0 and S.N. LEONDARIS 00 

0 National Center for Marine Research, Hellinikon (Greece) 
oo Department of Geology, University of Athens, Athens (Greece) 

Abstract 

Surface sediments of Thennaikos Gulf were analysed for Cd, Pb, Cr, Cu, Ni, Co, 

Zn, Mn and Fe in August 1985. It was found that the sewage outfall of the city of 

Thessaloniki, the industrial area and the Rivers A:xios and Aliakmon were causing 
metal pollution, especially in the case of Cd, Pb, Zn and Cu. 

Thennaikos Gulf (fig.1), in the northern part of Greece, is fairly long and 

shallow (depth not exceeding SOm). Into it run three rivers, the A:xios, into which 

large quantities of industrial effluents are discharged, the Loudhias and the 

Aliakmon. The innennost section of the Gulf receives the effluents of about 240 

factories and the domestic wastes of Thessaloniki, a city of nearly one million in

habitants. 

The samples ~o.ere collected at a network of 56 stations more densely distribu

ted in the innennost section and at the mouth 

of A:xios River. A 0.1 m2 van Veen grab was 

used. Samples were taken from the upper 3 em. 

For the determination of metals 1 g of the po

wered material was digested with SO% of the 

concentrated solution of HCI for 3 h just be

low bowling point. 

Processing of the filtered solution was 

performed on a 305 B Perkin-Elmer A.A.S. ,equip

ped with a deuterium background corrector. Se

veral intercalibration exercises proved the re

liability of the method. For the samples exami-

.,. ned the standard deviation depended on the con-

centration: in the range 1.3-1.8 g Kg- 1for iron, 40-80 mg Kg-1 for manganese, 5-20 

mg Kg-1 for zinc, 10-20 mg KR-1 for chromium, 15-35 mg Kg-1 for nickel, 2-10mg Kg-1 

for lead,Z-5 mg Kg-1 for copper,1-1,5 mg Kg-1for cobalt and 0.1-0.5 mg Kg-1 for 

cadmium. 

TABLE 1 • Levels of metals (ppm) in various areas of Thennaikos Gulf. 

~;===================~~=========~~=======~~~~~~~~~~~~~~~~~~~~~=~~~~;~~~~~=~~~-
Sewage· Mean 4.4 220.0 180.0 770.0 135·.0 
Outfall Range 2.8-6.0 100-330 140-210 235-1610 100-170 
________ !:2Hl;!h~!!2 _____ H.:~-------ll.:~--------l.:2 ______ l~.:Q _________ Z.:.2 ________ _ 
Industrial Mean 
Zone Range 

Pollut .Ratio 

2.8 
2.2-3.1 

9.3 

165.0 
120-245 

8.9 

290.0 
215-390 

3.0 

290.0 
220-375 

6.1 

80.0 
68-85 
4. 7 

A:xios ~an 5.3 100.0 280.0 200.0 53.0 
River Range 2.6-8.7 81-120 230-320 155-250 44-67 
________ E2!!1;!!.:~!!2 _____ E.:~--------~.:~--------~.:2 _______ ~.:.l _________ ~.:.l ________ _ 
Aliakmon ~an 0.3 22.0 280.0 86.0 24.0 
River Range 0.3 21-23 215-330 62-135 18-28 
________ !:2!!1;!!.:.~!!2 _________________ }.:.~--------~.:.2 _______ }.:~---------l.:.~---------
Reference ~an 0.3 18.0 95.0 48.0 17.0 
~!:e ________ ~&!: _________ Q.:~ _______ n:~Z-------~~=l~Q---~~=Z~---------~=~~--------

Continued 

~!!!~!:~--------------------------------------------------------------------------
~!:!L _____________________ !:!! _________ g2 _________ ~----------t~---------------------
Sewage ~an 96 20 480 32,000 
CX!tfall Range 76-115 16-24 295-670 24,000-40,000 
________ !:2!!1;!!.:~!!2 _____ 1.:~--------1.:.~---------1.:Q _________ l.:.L _________________ _ 
Industrial ~an 93 19 580 35,000 
Zone Range 80-100 16-22 565-660 11,000-46,000 
________ !:2U1:!!.:.~!!2 _____ 1.:.L _______ l.:.L ________ l.:.~---------l.:.2 __________________ _ 
A:xios ~an 140 25 955 47,000 
River Range 110-:175 19.29 665-1340 29,000-53,000 
________ !:2!!1;!!.:.~!!2 _____ 1.:.7 ________ 1.:~---------~.:.L ________ ~.:.~-------------------
Aliakmon ~an 240 33 800 34,000 
River Range 210-290 19.,-37 685-1040 22,000-46,000 
________ !:21!1:!!.:~!!2 _____ ~.:Q ________ ~.:L ________ l.:.L ________ l.:.2 __________________ _ 
Reference ~an 81 16 465 18,000 
Area Range 55-105 14-18 215-740 12,000-ZZ,COO 

Table 1 shows the mean levels of the metals in the sediments in each area, together 

with their ranges and the pollution ratio based on the reference area lying southmost. 

It can been seen that the most polluted section is that affected by the sewage out

fall to the east of the Bay of Thessaloniki and the industrial zone to the west .Next 

comes the area around the mouth of A:xios River. The greatest pollution ratio is exhi

bited by Zn,Cd,Pb and Cu. Zinc, Pb and Cu display the same pattern but not Cd, which 

presents its highest levels close to A:xios River. The Aliakmon River causes only mode

rate Ni, Co and Cr pollution. The ratio of the concentrations of Fe and Mn is around 

55 everywhere. It is inten~ed to study the effect of the granulometric composition of 
the sediments on the metal contents. 
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COASTAL WATER QUALITY CONTROL IN THE tASTERN ADRIATIC AREA 

Ilija VUKADIN and Lambe STOJANOSKI 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

Considerable quantities of untreated effluents significantly affecting the 

quality of the sea are introdwed into areas near big coastal tot.ms along the eastern 

AdPiatic coast, {Za.tia.P, Sibenik, Split, Ka.Pdeljevo and Dubrovnik). 

Chemical and bicwgical properties of the sea in these areas differ considera

bly from those in the open s,ea. If this process continnues uncontrolled its present 

''beneficial" effects on marine production !Jill soon be replaced by the haPmfuL one 

effecting adverseLy the II'II:U'ine biota. 

INTRODUCTION 

Nutrients, so-ca11ed eutrophicants, are responsible for many peculiarities 

of the sea. They are of the basic links in the feeding chain of the marine biota. An 

increase in nutrient quantities causes intesified biological production by which 

primary organic matter my be fanned through photosynthesis. An excess of· these salts 

my cause a ;lot of hannful consequences. 

MATERIAL AND METHODS 

The paper presents chemical parameters, collected from s'everal characteristic 

stations in the vicinity of big urban center along the eastern Adriatic coast. Data 

were collected and analyzed during 1980-1985. 

Standard oceanographi: methods were used. 

RESULTS AND DISCUSSION 

Presented values of a11 nutrients in the coastal area considerably exceed 

those in the open sea. Low nitrite and rather high anmonia values are indicative of 

their fast bio~eneration owing to the intesive primary production in those areas. 

Rather low values of phosphate are indicative of rapid removal of these salts by bio

logical activity or theil' rapid deposition from fresh and waste waters soo,n after 

reaching the sea. Therefore it may be stated that nitrate (N03-N) and silicate 

(Si03-Si) are the principal salts wich are introduced into the sea via domestic, 

industrial and natural effluents. 

Table 1. The ranges and mean of nutrient salts ( f mol/dm3) in the study area and at 
the open sea station (9) 

Stations 
(Town) P04-P ND 3-N N02-N NH4-N Si03-Si 

----------
0.03-0.30 0. 35-2.29 0.03-0.26 0.26-2.60 2. 71-10.04 

(Zadar) :X 0.05 i ; 1.02 x ; 0.13 x ; 1.24 x ; 5.07 

s Q.04-0.32 0.38-9.76 0.03-0.82 0.16-3.00 2.96-40.50 
(Sibenik) X - 0.08 x ; 3.23 x ; 0.17 X ; l.lL_i....:. 8.60 

s 0.04-0.34 0.29-2.04 0.03-0.37 D. 36-3.00 2.96-12.86 
(Split) X ; 0.07 l! = 0.92 X ; 0.16 l! ; 1.00 X ; 5.42 

K 0.04-0.31 0.23-2.53 0.02-0.37 0.31-1.48 4.00-20.58 
(Kardeljevo) x-; 0.07 X ; 1.22 x ; _Q_;_ll._ x ; 0.96 x ; 7.16 

D 0.04-0.17 0.25-1.57 0.02-0.50 0.26-2.14 2.96-15.43 
{Dubrovnik) x - 0.06 x ; 1.12 x = 0.14 x = 1.29 l! ; 6.22 

9 0.06-0.14 Q. 30-1.69 0.0-0. 38 0.0-4.58 1.02-4.85 
O~en sea x ; 0.07 X ; 0.72_2_; 0.09 x ; 1.19 ~;_2.53 

Table 2. A phytoplankton, zooplankton and bacterial data in the study area 

z 
s 
s 
K 
D 
9 

Phytoplankton Biomass of 
No of ce11/dm3 phytoplankton 

3 klorophi 1 a/dm 
2/jxlO~ 
867 " 
260 " 
478 " 
173 " 
213 " 

1.36 
4.5 
2.1 
1.2 
1.3 
1.2 

Biomass of 
zoopjankton 
mg/m 

7.2 
10.3 
9.6 
8.2 
8.1 
7.4 

120 
1855 
245 

73 
43 
0 

A biological data show again that the areas of Sibenik ,and Split have a maxi

mum number of phytoplankton species and biomass of phytoplanktbn and zooplankton than 

the open sea stations. Large number of feacal coli for·ms were recordered from those 

stations. 
Results of researches of hydrographic, chemica 1 and bi o logi ca 1 parameters 

carried out up to now, are indicative of the fact that some areas (Sibenik and Split) 

are under very strong influence of industrial, urban and natural waters, unfortunately 

still unpurified, where environmental balance has been seriously threated.Therefore, 

to avoid serious consequences continuous monitoring of these areas is rec011111ended. 
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ETUDE DE LA DISTRIBUTION DES SURFACTANTS DANS LA BAlE D'lZMIR ENTRE 1~2-1~ 

Resume : 

0. YARAMAZ 

Hydrobiology and Water Resources Research Center 1 

Ege University, Urla/Izmir (Turkey) 

t:etude s'est faite sur onze stations dispersees dans Ia baie inter·ieure, 
pendant la perlode allant d'Octobre 1982 a Fevrier 1984. Des cartes mensuelles de 
distribution des concentrations en detergents et des variations de salinite ont ete 
dres~es afin de situer les zones d'accumulation des cfecllets organiques. La salinite 
et les concentrations en detergents varient respectivement: 31.01-37.82 %o et 0.34-
6.44 mg/1. le detergent Je plus important etant le dodesyl benzene sodium sulfanate. 

Introduct_!~ 

Onze rivi~res et 98 emmissaires urbains se deversent dans !a baie d' tzmir, 
vehiculant des eaux domestiques et industrielles. En consequence nous constatons une 
dessalure importante et des concentrations en detergents anioniques assez fortes dans 
cette zone. 

Materiel et Metho~ : 

Onze stations de la baie d' izmir ant ete choisies (Fig 1) et 264 prelevemmts ont 
et€ effectues sur une period de deux ans allant d'Octobre 1982 a Fevrier 1984 (1). 
Le dosage quanti tati f des detergents s 'est fa it pendant hui te heures par Ia methpde 
bleu de methylene a l 'aide d'un spectrophotometre Perkin-Elmer modele 35 (2,3). 
La salinate a ete dosee ii !'aid~ Q'!Jn Beckman modele RS-7B. 
~our 1 'etude qualitative nous toY'i'~rse !a methode de chromatographie TLC avec le solvant 
chloroforme :Methanol : eau (8:1.9:0.1) (4). 

Resultat~~cus~9~ 

Concentrations moyennes entre 1982 et 1984 des param~tres: Sa I i ni te et detergents 

St %o S det. ani. mg/1 

1 36.06 1.64 
2 35.66 2.19 
3 35.14 2.06 
4 35.87 1.33 
5 36.18 1.30 
6 36.01 1.54 
7 36.55 1.18 
8 36.46 1.03 
9 36.07 1.15 

10 36.38 0.94 
11 36.70 1.00 

Fig 1. Stations d'echantillonage. 

Car·te caracteristique des distributions de salinite et de detergents. Avril 1983 

Durant les deux annees d'etudes nous avcns trouve des resultats assez constants 
pour chaque station. Les detergents principaux sont le dodesyl benzene sodium sulfa
nate et au plus faible quantite le scdium lauril ether sulfate. Les concentration:. 
minimales Ero c'etergent ont ete trouve sur Ja station e au rrois de Ncvembre 1982 
(0.3~- mg/1). et les maximales sur Ia station 2 au mois de Fevrier 1984 (6.44 mg/1). 
Les sal1n1tes les plus fa1bles sont remarquees sur Ia station 3 au mois de Fevrier 
~~~~8p~~~~ %c.). et les plus fortes sur la station 10 au mois de Septembre 1983 

Si !'on compare les resultats aux travaux de GU~ER et all (5) effectues entre 
1980-1981 nous assistons a une augmentation des concentrations en detergent qui se 
n:~::~~~4 e~g;i~~ entre 0,1 et 1.6 mg/1 et qui sont maintenant beaucoup plus importantes 
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ETUDE DES PARJIMETRES PHYSICO-CHIMIQUES Ef DES TENEURS EN SELS NUTRITIFS 

SUR LA COTE EGEENNE CTURQUIE) 

Resu~ : 

0. YARAMAZ et S. TUNCER 

Hydrobiology and Water Resources Research Center, 
Ege University, Urla/Izmir (Turkey) 

Dans ces travaux TJ_Ous avans
3
etudie quelques parametres hydrographiques; S%o,DO, 

PH,T0 ,rJO--N, NO--N,_NH -Net P04 -P. Des prelevements ont ete effectues tous les_ 
trois mofs de M~rs a 4 Decembre 1985, sur d1x stat10ns caractenst1ques de la cote 
Egeenne. 

D'apres les resultats abtenus (40 prelevements) 5/o,DO,PH varient de 20.13 a 
38.90 %o; de 3.6 a 9.0 mg/1 ;

0
de 7.3 a 7 .8. L!JS temperatU!:eS moye~nes mi~imales ~3 

~:;;:~ie~u~~is~!u~~6oaa 1 ~:~sc; ~~to:lo ~04~4g ;(~!·6:32N~228~41N~3d~·o~~~t/~f P 
pg.at/1 en fonction des stations et des saisons. 

INTRODUCTiON 

Quatre fleuves importants se deversent dans les eaux de Ia cote Turque en mer 

Egee ; vehiculant des eaux domestiques et industrielles. Le suivi des parametres 

physico-chimiques et des sels mineraux perment d'evaluer les degres de pollution de 

!a zone cotiere en fonction du temps. (fig.1) 

MATERiEL ET METHODES . 

Les prelevements ont ete effectues en surface et a une distance d'environ Sm. de 

- cote. Le transport des echantillons s'est fait 

.. ·-· I 
Fig. 1. Stations d' echantillonnage. 

RESULTATS ET DISCUSSIONS 

dans des bouteilles PVC de 1 It, plongees dans un 

melange sel-glace. 

Les teneurs en DO ont ete dosees par !a methode 

Winkler; avec la T0 et le PH res: trois parametres 

ont ete mesures in situ. 

Pour !a salinite et Jes sels nutritifs nous a vans 

uti 1 i se respecti vement un Sali nometre Modele Beck

man RS-78 et un Spectrophotometre Perkin ELMER 

Modele 35 (1,2). 

Concentrations moyennes des parametres etudiees. 

St. S~o pH DO ND;!-N NOj-N NH;-N Poq3-P 
23.28 7.6 8.45 0.143 1.975 3.934 0.590 

37.26 7.65 8.30 0.112 0.440 1.485 0.300 

38.17 7.6 6.30 0.224 1.113 1.610 0.600 

37.00 7.65 7.20 0.078 0.804 1.040 1.045 

37.22 7.65 6.80 1.127 1.000 16.550 2.540 

37.84 7.65 7.90 0.246 1.318 1.160 1.045 

37.77 7.55 8.25 0.097 0.410 0.050 0.843 

37.78 7.65 7.20 0.256 2.600 1.215 1.330 

37.54 7.6 7.80 0.126 1.430 1.220 0.175 

10 37.74 7.70 5.40 0.135 1.235 3.215 0.620 

Nous constatons une augmentation de la salinite entre les st.1 (~anakkale) et 

10 (Bodrum) %o 20.13 a 25.62 ; ceci correspondant a 1 'influence de la mer Marmara. 

Parrallelement entre ces deux stations nous observons une teneur decroissante en 

oxygene dissous de 9.0 a 3.6 mg/1 • 

La station 10 se trouvant dans une zone portuaire touristique on explique aise

ment Jes taux d'oxygene a 3.6 mg/1 et un pH de 7.3. 

La station 5 choisie a !a sortie de la baie d 'izmir met en evidence de tres for

tes concentrations ; N02-N (moy, 1.00, max,2.65); P04~P (moy,2.54, max, 4.04); NH: -N 

(moy, 16.55, max, 28.41) pg.at/1. 

La station 6 (Urla) montre aussi de fortes concentrations, en evolution croissan

te comparees aux travaux de Yaramaz et Erbil, 1983. 

Ceci etant caracteristique du deplacement de la zone polluee vers l'exteriur de 

la baie. On peut noter que les valeurs maximales sont effectuees pendant la periode 

estivale. 
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CARACTERISATION HYDR<XiEOLOGIQUE DU ll0'1AINE SAi1'1ATRE DES POUILLES 

Antonio P. ARIANI 

Istituto e Museo di Zoologia dell'Universita, 
Via Mezzocannone 8, Napoli (Italia) 

ABSTRACT. The brackish-water system af Apulia (Southern Italy) is underground for 

the most part. This is due to the highly developed karst phenomenon and to the recen

tly known one of seawaters intruding the land-mass. The characteristics of the surface 

brackish-water environments are conditioned by the hydrogeological situations. 

En tant que region typiquement karstique, les Pouilles manquent presque entiere

ment d'une circulation hydrique de surface. Cette situation se reflete, evidemment, sur 

les caracteristiques des milieux saumatres, dont l'origine et plusieurs parametres physi

co-chimiques dependl)nt de !a circulation souterraine. Bien plus, le domaine saumatre e

pige ne represente qu'une petite partie d'un domaine saumatre pour la plupart hypoge, 

qui s'etend a !a limite entre la couche d'eau meteorique d'infiltration et l'eau de mer d'in

trusion continentale. Ce dernier phenomene, etudie assez recemment (pour une synthe

se voir COTECCHIA, 1977), montre dans les Pouilles une allure spectaculaire surtout 

dans la Presqu'lle Salentine, ou l'eau de mer souterraine -agee du Tyrrhenien - s'e

tend sans interruption de la cote de l'Adriatique ala cote ionienne. Dans les deux au

tres sous-regions (Murge et Gargano) !'intrusion marine est egalement considerable: 

c'est pourquoi l'imp<;>sante nappe phreatique profonde jaillit des sources (situees exclu

sivement le long des cotes) dans une condition saumatre plus ou moins marquee, par 

suite de !'impact avec des roches impermeables qui mettent localement l'eau sous pres

sion. 

Au niveau des Murge de SE, que nous avons etudiees plus particulierement, la pre

sence de barragefl de dunes empeche l'eau de source de se jeter directement dans la 

mer, ce qui donne lieu a des bassins saumatres dont les caracteristiques dependent de 

plusieurs facteurs: parametres physico-chimiques de l'eau d'alimentation; nombre, po

sition et debit des sources; extension du bassin; communication entre ce dernier et la 

mer etc. Dans le cas de sources nombreuses et bien echelonnees, avec un debit global 

moyen de 350 1/s, ainsi que d'un bon drainage du bassin (Fiume Morello), le caractere 

le plus frappant du milieu est represente par la grande constance thermique: pendant 

une periode de deux annees (II.1977-II.1979) avec des determinations mensuelles, nous 

avons releve une amplitude ihermique glob ale de 3, 5 °C (17, 2-20,7 °C), et seulement de 

0,2 °C a l'une des sources (18,6-18,8 °C). La salinite (15%oenviron) ne s'est revelee 

guere moins constante. Dans la meme zone on rencontre d'autres milieux mesohalins (Fiu

me Piccolo, S%o = 11 environ; Fiume Grande, S%o = 7 environ), tandis que dans le cas 

du Fiume Chidro (cote ionienne du Salento) un degre plus bas de contamination marine 

est a l'origine d'un milieu oligohalin (S%o = 3,5 environ). 

II est evident que, dans !a situation hydrogeologique consideree, le chimisme de l'eau 

d'alimentation des bassins saumatres depend aussi bien du degre de melange avec l'eau 
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Introduction 

L' ACTIVITE PHOTOSYNTHETIQUE DU PHYTOPl.PJ'JCTON DU lAC lcHKEUL, 

lAGUNE MIXOHALINE DE TUNISIE 

A. BEN REJEB 0 et J. LEMOALLE 00 

0 Laboratoire de Biologie Marine et d 1 Oc€anographie, 
Facult€ des Sciences de Tunis, Tunis (Tunisie) 

oo O.R.S.T.SJ.M., Montpellier (France) 

De surface moyenne 95 km
2

, avec une profondeur moyenne de 1, 20 m, le lac 
Ichkeul (Fig~ 1} est caract€ris€ par des variations spatio-temporelles consid8rables, 
principalement dues aux apports d' eau douce en hiver (courant sortant) et a 1 'entree 
de l'eau de mer en ete (courant entrant). La salinit€ pr€sente des fluctuations sai
sonnieres, consequences de ce regime hydrologique. Les vents frequents et la faible 
profondeur du lac ont pour resultante une turbidite generalement €:levee. L'Btude de 
l' evolution de la biomasse et de 1' acti vi te photosynthetique du phytoplancton no us a 
perrnis de d€finir 1' €.tat actuel du lac ainsi que les relations entre la production 
primaire et les conditions du milieu. 

Methodes 

incubateur. L' acti vi te photosynth€.tique a ete mesuree par la methode de 1 • oxygene 3 en 
1 (BEN REJEB, ~~B~~~cision sur les mesures de 1' activite a ete evaluee a 24 mg02 .m- .h-

Les pigments chlorophylliens ont €.t€: d€:termin€.s a partir des equations 
preconisees par le PBI (GOLTERMl\N, 1969). 

La transparence des eaux a ete mesuree au moyen d 1 un disque de Sec chi 
alors que 1 I evaluation du coefficient d' attenuation de la lumi6re (K) , in situ, a ete 
effectuBe a l'aide d'un quantam6tre LI-COR. ---

La variation temporelle de la teneur en chlorophylle semble etre liee aux 
mouvements d 1 entree ou de sortie des eaux dans le lac. Cette evolution representee 
dans la Figure 2 montre un maximum hivernal (periode du courant sortant} et Wl minimum 
estival (p€:riode du courant entrant). 

Il apparait ainsi une activit€' photosynthetique du phytoplancton beaucoup 
plus €levee en hi ver qu' en ete. En effet, la Figure 3 montre qu • a pres les faibles va
leurs de la p€riode estivale et automnale, la production commence a augmenter des la 
fin dEcembre pour atteindre des valeurs maximales aux mois de janvier-fevrier. On re
marque cependant la grande variabilitE de la production d 'une semaine a une autre 
surtout en p€riode estivale et automnale .. 

Ce schema general n 1 est done pas tout a fait con forme au schema classique 
oU le maximum d'B.ctivite est observe au printemps-debut ete .. 

La relation K(m- 1) .DS(m) = 1.02, etablie a partir de 23 mesures in situ, 
nous a permis de calculer en premiere approximation les profils horaires de photosyn
these pour une saison dor,nee et une transparence donnee. La somme des productions ho
raires correspond a la production journali6re. La forme des profils de photosynthE:se 
obtenus differe selon qu'il s'agit d'une eau claire au turbide. La production est li
mitee en surface par la photoinhibition. L'import:ance de celle-ci varie selon l'heure, 
la saison et la turbidite du milieu. 

Par ailleurs, nous avons pu constater que plus cette photoinhibition est 
forte plus 1' activit€' photosynthetique optimale (Aoptl ainsi que la profondeur opti
male (Z0 ptl co=espondant a celle-ci sent deplacees vers le fond du lac. 
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de mer souterraine (S%o = 42 environ) que du chimisme des roches traversees par les ~---3 
++ 

eaux meteoriques; ainsi, on remarque quelquefois une teneur en Mg et SO 
4 

relati-

vement haute (dissolution de mineraux d'origine evaporitique), d'autres fois un appau-
++ ++ ++ 

vrissement en Mg (mecanisme d'echange ionique entre le Ca des roches et le Mg 

de l'eau). 

On peut conclure que, dans le cadre d'une situation de base assez constante, une 

serie d'e!ements diversifie les milieux lagunaires des Pouilles; parallelement, le trait fau

nistique le plus saillant (presence de Mysidaces du genre Diamysis), a son tour commun 

a d'autres zones karstiques (ARIANI, 1979), differe suivant les bassins ou les groupes 

de bassins, les populations respectives montran.t un nombre de caracteres differentiels 

(ARIANI, 1981; DE MATTHAEIS eta/., 1982). 
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Fig. 2. - Variation annuelle de la 
quanti te de chlorophylle B. 

1000 

500 

Activit• phofotynthjJiqwe 

,..o2.m-3.ft1 

500 1000 

Fig. I. - Le lac Ichkeul. 

Fig. 3. - Evolution annuelle de 1 'activite 
photosynthetique en fonction de 
l t ec lai rement. 
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STUDIES ON THE GROWTH OF SAf<OTHERODON GALILEUS (LINN) 

IN lAKE r'lANzAL..AH - EGYPT 

Nabila F. BISHARA 

Institute of Oceanography and Fisheries, Alexandria (Egypt) 

~~!L: 

1. The season of active growth : Begins at late march 
and extends through the summer and autumn months. 

2. The body scale relationship : Is found to be a 
linear one. It is represented by the linear equation 

L 18.9 + 1.1045 S 
L = total length of the fish in m.m 
S total scale radius 

The results show that Sarotherodon galile.~s in the lake 
attain a length of 18.9 mm before the scale appear on the fish. 

J. The back calculation of the length of the fish at 
different ages : 

The results indicate that the fish at the end of the 
years I,II,III,IV, & V has absolute growth of 7.7, 14.5, 
19.7, 19.8 & 21.0 em for males and 7.o;l4 • .J,l7.9,16.s,ls.o 
em for females respectively. 

4. Growth indices : The maximum length attained by males 
is 28 om and by females in 26om males reach the maximum length 
before the females. 

In autumn and winter female Sarotherodon galileus reaoh 
its maximum rate of increase in fish weight per unit lengths 
so that the fish can face the starvation of the spawning 
season. 

The maximum weight attained by the males in considerably 
greater than that of females, however, during the peak of 
spawning season i.e spring and summer, both sexes show a clear 
drop in their maximum weight; 

This shows that both males and females play an important 
role in brooding their eggs and you.ugs. 

E-4 
THE COASTAL LAGOONS OF THE fBRo DELTA : A PARADIGM OF THE HLJMA.N INFLUENCE 

ON THE ECOLOGY OF COASTAL LAGOONS THROUGH UNCONTROLLED AGRICULTURE SEWAGE 
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Francisco A. COMIN 

Department of Ecology, University of Barcelona, 
Diagonal 645, Barcelona (Espana) 

rhe co<,stc.il 1 agooros in the Del·L~' of the Fbr·o r· i VF.·t (NE. 
Spain) cons-l::.itt..t·te ~.tn int£-?r·esting cast~-·-study a.~· tht::y bt~ 

c:Dn:::.idf".:r~r-2d of the agric.:ultur-·c\1 in+1L{enc:E~ on 
coastc.\l A·t the beginning of the 

be cult i va·t ed e>< t.ens i vel in ·the 
pad ely f i el cis occupy about of tl<f? 

Uel.t:a. arfcea km 2 ). Ever·y year clur·inq the per-iod o·f r·1c:e 
ct.llt:i .... /at.ion, ft·-om t:o October, a. very dE·nse net.~"'JDr-k of· 
channels transports water from the river to the fields 
and thE'n drains it in·to the lagoons; or· the~ se'"-· This flot.'" 
cloes not exist during winter-early spring period because the 
rice fields remain dry. Then the laqoons exchange water with 
the se,::•., 

rhis artificially controlled hydrological regime affects 
many aspects of the ecology of the lagoons. Salinity changes 
from values al mos1: as hi. qh as th,;,.t of the se.a in 1'"i nter-
early spr-ing to fr-esh1~ater values clw-ing t.he mid spr-lng-
summer--autumn per·iod. l'he unique e>:ception is Bucla laqoon 
1·1hose laqoon area/continental dr-ainaqe ar-e<~ is less than 1 
and has an intense e;{change of JtJater- ·vii th the mouth of the 
river and the sea. 

Most of the nutrient concentration values fall into the 
of 1·-~5 ug-at P--PO ... '"'·- l- 1 and o-::so uq-at. t-1--No"'-- 1- 1 • 

of phosphate between 5 ancl 60 ug-at I- 1 ar·e obser·ved 
1n Oc·tober· a.nd in ''lin·ter·. Peaks of di.ssolv&?d inor-ganic 
nitrogen vary between 30 and 100 ug-a.t l- 1 and 
1,o1inter and sprinq or autumn. ·rhe la.ck of common 
during the sunHner-. ThE? annual cycles and ·thE• ma:-: 1 ma shc:n-; 
clear differences fr-om one laqoon to another <Crn1IN et al., 
in pr·ess) .. 

Encanizada, Platjola and Olles are t.he most eutr·ophic 
lagoons. ·rhey do not havE~ submer·ged macr·ophytic beds. 
Ho~-;f?ver·, phytr.Jplank·ton popula·tions ar·e ver·y dense and 
active(10"'-10"' cells ml-- 1 , 10-4~0 m9 C m·- 3 h'" 1 ). As a 
cont,~ast, in other lagoons (Tancada, 8uda, Canal Velll 

1:3.<.,\H.P.ii;"_ g_rrhq.3_~ and E:.a:t§!JlLQ.9_~-~-QJ) form e:.~tensi ve 
beds, while phytoplankton (10 3 -10 5 cells 
rnl-•, 5-100 mg C m- 3 h- 1 ). 

Planktonic populations change cluring the year. In winter
early spring per-iod mar .. ine and estuar·ine species are 

predominant <Q.l-tna_Lt_~_J.li:o'. sp., EY.x:_ain:Lf!lQfl~?. gr::_q_2_2_, !2_r::_tpj;_gmona2_ 
§'CU'I;_9., Hemi s§.l!!!L2 r:uf ?..2r;.~rl2_, [2euc:!_m:2£_gj_f..!.~U..9.. Q_::iri£.C!LI!l.l_;;_, 
s.l-tt rep:\:;..!.?~ f!LqJ::_t__r:l_i;OI., r;;_CLL9-r:n.£.§.QS'. S'_qh!_§e-9!o-!.l!=..1..2, l::!_g_t,f}g_Lf::_~ sp p • , 
§Y.!lSJl9§!.9.. spp.). For- the r·est of the year- typical freshwater 
speciteS clominate the communi (!;:_y_c:_!_g_t_~l_L§_ f!L~J:.l.~gDj_r,ia_t:LC!_, 

sc ~D.§fl_§2!ll!J2. fl!o.@.ci!::i<::_~\o~Q_S\_, E:h.gr:.mi.9_.th!.m 
tenue, BD<cib.~.I!.S. s p p • , !ir:.s._chi onu;;_ 
cab_y_r;.i_f_l D~Y.2, Ac~l:i;l1Sl£.Y~L922. mi r;_r:_!,!L<;l) 
(COMIN, 1984; MENENDEZ & COMIN, 

Salinity ancl nutrient levels ar-e t.he main factm·s 
contr·oll ing the di ffer·encf='S of species composition and 
standing stocks of the populations between different periods 
of the ye~u- and between lagoons. The biology of the 
popula-tions in ea.ch laqoon ciLwing par .. ti.:cd. per·iods of the 
year· is control lee! by other factor-s (e.q., inciclent li.ght, 
temperatur·e, r·el ati VE? concent,~ati.ons of t:he nutrients). 
Salinity, pr-obably plays a less important role (COMIN, 1982; 
Menendez & COMIN, in press). . 

ThE? NIP rc\tio changes ·fr·om 
valut.::s lo\.~et-· than 16 as sal ini 
the phytoplankton i ncr .. ease 
periocl. For the rest of the year 

value<c, hi~lher· than 16 ·to 
and pr· i mary production of 

the winter:-ear .. ly sprinq 
the NIP ratio remains over-

16 while primary production varies in a wide ranqe. This is 
in agn?f?ment with the idea that considers ni.·trogen che 
limitinrJ nutr-ient in ma.r .. ine water·s a.nd phosphor-us in 
freshl-;ater·s and with thE'~ e;-:pected effect on the 1 ac:_roons of 
ni tr·ogen r·dther- than phosphorus enriched agr .. icuJturcil 
discharqes. 

In summary, .agricultural management strongly modifies the 
regime of the Ebro coastal lagoons. This causes 

chaJ1(::Je of the salinity seasonal pattE~rTo and 
nutrient levels, both of which in turn affect the structure, 
composition and production of the communities. 
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lAGUNES MEDITERRANEENNES : BilAN ET DISCUSSION SUR LES SELS NUTRITIFS 

ET LE N/P DES EAUX PAR RAPPORT A lA MER ET AUX lACS 

Marie-Luce DE CASABIANCA-CHASSANY 

BA - USTL, Place E. Bataillon, Montpellier (France) 

Si la marge de variation annuelle de la saninite (par sa position et 
son amplitude dans l'echelle des salinites) est le parametre le plus 
determinant du type d' etang et du peuplement en place' l 'impact des 
sels nutritifs sur la production lagunaire est evident. 

Nous avons deja signale, en etang, des teneurs en sels nutritifs , 
et en particulier en phosphates ( l a 8 mg/1)' dix a cent fois plus 
elevees qu'en mer ou dans les lacs, dans la phase precedant les crises 
distrophiques dites "eaux rouges" (1). Il s'avere que le suivi de ces 
elements nous parait' en milieu lagunaire' essentiel et revelateur 
du fonctionnement de l'ecosysteme, de son evolution saisonniere habi
tuelle ou de 1 'effet d 'une pollution organique resultant d' une sur
exploitation, d'un isolement ou d'une pollution plus generalisee des 
zones li ttorales urbanisees. Le rapport N/P permet sans aucun doute 
de rendre compte de la variabili te saisonniere et de permettre une 
comparaison utile avec les autres plans d'eau. 

En milieu lagunaire, ce rapport varie de 1 a 7 en periode de produc
tion lagunaire, traduisant l 'equilibre relatif des deux elements ; 
les extremes indiques correspondent : le premier au maximum des phos
phates, le second a celui des nitrates. Ce rapport est souvent infe
rieur a 1, dans des cas ou non de pollution organique (2, 10) ; il 
peut meme tendre vers zero comme celui des eaux residuaires (ll) dans 
1~ phase precedant les "eaux rouges", et remonter a 20 dans celle a 
cilies lui succedant (1). 

Mais, de fa<;on generale, le rapport N/P lagunaire est inferieur a 
celui trouve habituellement en mer : 15 ou 16, qui n'est autre que 
le N/P du phyto ou zooplancton (12, 13). En Mediterranee, la variation 
de .ce rapport peut etre plus vaste ( l. 39 a 2 3. 44) traduisant des 
extremes exceptionnels so us l 'effet de variations saisonnieres ( 14 
a 16) pouvant resulter de pollution (17). Cependant, en Mediterranee, 
le plus souvent, les valeurs des nitrates sont 20 fois plus elevees 
que celles des phosphates, comme le soulignent certains auteurs ( 14 
et 18 a 20) qui insistent sur le role joue alors par les phosphates 
comme facteur limitant de la production primaire phytoplanctonique. 

Dans les lacs, les rapports N/P peuvent s 'etaler entre 8 et 170 ( 21 
a.· 24) tout en etant done en general superieur a celui des etangs sau
matres ; on enregistre alors surtout une forte correlation entre les 
teneurs en chlorophylle et les phosphates (25 a 30), les phosphates 
agissant alors comme facteur limitant. Ce n'est absolument pas le cas 
en etang tectonique saumatre, ou aucune correlation entre phosphates 
et chlorophylle n' apparait ; ceci est en accord avec les resultats 
(31) de l'estuaire de la baie de Chesapeake, ou la reponse du phyto
plancton soit a l'azote soit au phosphore inorganique varie en fonc
tion du rapport N/P des eaux. 

Les differences entre les valeurs du N/P des differents milieux nous 
paraissent decouler du metabolisme general des phosphates et de leur 
possibilite soit de se fixer a la vase, soit d'etre liberes en milieu 
n§ducteur ( 32 a 34 ) . En fait, le parametre de base determinant des 
processus semble etre la temperature ; en effet, en milieu lagunaire, 
la correlation entre phosphates et temperature revele un coefficient 
r ; 0.69 - calcule sur les donnees de Mellah (10) - coefficient pro
che de celui liant 1 'oxygene aux phosphates ( r ; 0. 63) • Les fortes 
temperatures revelatrices de la reserve en phosphates des sediments 
sevissent en effet davantage dans les lagunes li ttorales qu' en mer 
ou dans les lacs. Il n'en demeure pas moins qu'il ne faut pas minimi
ser l'historique de l'etang, la pollution ancienne et actuelle, dont 
le role sur la reserve en phosphates est indeniable. 

BIBLIOGRAPHIE 

(1) DE CASABlANCA- CHASSANY (M.L.) 1979. Rapp. Com. Int. Mer Medit. 25-26 (3.) 
173-174. 

(2) SACCHI (L.F.) 1958. Proc. 15th Congr. Zool. London 252-253. 
('3) SCHACHTER (D.), SENEZ (J.), LEROUX-GILLERON (J.) 1954. Vie et milieu 4 (4) 

701-706 
(4) DE CASABlANCA (M.L.) 1967. Bull. Soc. Sci. Hist. et Nat. de la Corse (1) 41-74 
(5) DE CASABlANCA (M.L.) 1974. These EtatAix Harseille II. A.0.9019, 200 p. 
(6) BLANC (F.), COSTE (B.), MINAS (H.), SZEKIELDA (K.) 1967. Mar. Biol. l(l) 43-55 
(7) MARILLEY (M. l 1972. These 3eme cycle Marseille 88 p. 
(8) MINAS (M.) 19 • These EtatAix Marseille II. CNRS A.O. 6700, 300 p. 
(9) BAUDIN (J.P.) 1981. Rapport CEA R 4876, Saclay 200 p. 
(10) SEMROUD (R.) 1983. These 3eme cycle USTL Alger, 112 p. 
(ll) DE CASABlANCA (M.L.) 1982. La Technique de l'eau. n• 442, fevr. : 17-26. 
(12) REDFIELD (A.C.) 1934. James Johnstone Memorial Volume Liverpool 176-192 
(13) COOPER (L.H.N.) 1938. J. Mar. Biol. Ass. U.K. 23 : 179. 
(14) DEVEZE (L.) 1959. Rev. Trav. St Mar. Endonne. Suppl. 25 : 1-220. 
(15) Me GILLE (D.A.) 1965. Com. Int. Expl. Sci. Mer Medit. 18 : 737-744. 
(16) BALLESTER (A), ARIAS (E.), CRUZADO (A.), BLASCO (D.), CAMPS (J.M.) 1967. 

Inv. Pesq. 31 : 621-662. 
(17) BLANC (F.) et LEVEAU (M.) 1973. These Doct. Univ. Aix Marseille, 681 p. 
(18) FONSELIUS (S.H.) 1978. Acta Hydrochim. Hydrobiol. 6(4) 329-339. 
(19) BERLAND (B.), BONIN (D.), MAESTRINI (S.) 1978. Int. Revue Ges. Hydrobiol. 

63 (4) : 501-531. 
(20) BERLAND (B.), BONIN (D.), MAESTRINI (S.) 1980. Oceanologica Acta vol. 3 (l) 

135-142. 
(71) CALDERON! (A.), MOSELLO (R.), CORI (L.) 1977. Verh. Int. Verien. Limnol. 20 

1033-1037. 
(22) DEVOL (A. H.) Pt LICKENS (G.E.) 1977. Verh. Int. Limnol. 20 : 568-573. 
(23) SCHINDLER (D.W.) 1977. Sciences. 195 : 260-262. 
(24) LICKENS (G.E.) et LOUKS (O.L.) 1978. Verh. Int. Verein. Limnol. 20 : 581-586. 
(25) FLORCZYK (H.), GOLOWIN (S.), SOLSKI (A.) 1976. Pol. Arch. Hydrobiol. 23 (2) · 

207-218. 
(26) STORCH (T.A.), BARNARD (W.), HETZGER (W.) 1977. Verh. Int. Verein. Limnol. 20 

490-495. 
(27) DILLON (P.) et RIGLER (F.H.) 1974. Limnol. and Oceanogr. 19: 767-773. 
( 28) AHLGREN (I.) 1978. Verh. Int. Verein. Limnol. 20 : 846-850. 
( 29) OLRICH (K.) 1978 : Verh. Int. Verein. Limnol. 20 : 690-695. 
(30) GOLOWIN (S.), FLORCZYK (H.) 1983. Environ. Protect. Eng.9(4) : 41-56. 
( 31) D'ELIA (C.F.), SANDERS (J.G.), BOYNTON (W.R.) 1986. Can. J. Fish. Aqua. Sci. 

vo1 43 : 397-406. 
(32) MORTIHER (C. H.) 1941 : J. Ecol. (29) : 280-329 

1942 : J. Ecol. (30) : 147-201. 
(33) HAYES (F.R.), PHILLIPS (.J.E.) 1958. Limnol. Oceanogr. 3 : 459-475. 
(34) HUTCHINSON (G.E.) 1967. John Wiley and Sons, N-Y, 1115 p. 

49 

E-6 
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DANS UNE lAGUNE MEDITERRANEENNE : LE lAC MELLAH (AlGERIE) 
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BA - USTL, Place E. Bataillon, Montpellier (France) 
et Institut des Peches, Alger-Bourse (Algerie) 

Le lac MELLAH est une lagune saumitre de 850 ha, dans la r~gion d'El 
Kala (Algerie). En relation avec la mer au nord, il re<;oi t des apports 
d'eau douce intermittents au sud. D'1 origine tectonique, sa profondeur 
est de 5 m. Sa forme, ses dimensions symetriques, son r~gime en font 
un veri table modele de lagune saumatre. L' interet de l 'analyse detail
lee de ses parametres hydrOlogiques reside aussi dans le fait que la 
lagune, protegee jusqu' ici, est peu polluee et que les donnees obte
nues peuvent a ce titre servir de r~ference. 

M~thodes - Au cours d' un cycle d' une annee, ont ~te effectues des pre
levements mensuels sur les 2 axes du lac ( 7 stations sur le grand axe, 
6 sur le petit). Ils ont ete effectues en surface et en profondeur 
to us les metres ( 34 par mission) . Les parametres analyses en ces 
points ont ete : la temperature, l'oxygene dissous, la salinite (avec 
sondes in situ) ; les sels nutritifs : nitrates, phosphates, silicates 
a partir d 1 analyses effectuees au laboratoire (d'apres STRICKLAND et 
PARSON, 1968) et la chlorophylle a (d'apres YENTSCH et MENZEL, 1963). 
Les resultats des 34 points lors des 12 missions ont servi de base 
au calcul des correlations. 

Resultats - Les parametres hydrologiques ont montre des variations 
saisonnieres et locales ( SEMROUD, 1982) . Les ecarts de ces f luctua
tio.ns ont ete : 

pour la salinite : 32 a 38.5 ·~. 
pour les silicates : 7 a 10 )latg/1 
pour 1 I oxygene : 0 a 10 .FP m.... 
pour les phosphates : 0 a 5 ;uatg/1 
pour les nitrates : 0 a 5 ;uatg/1 
pour la chlorophylle a : l a 12 ;ug/1 

L I analyse des relations entre les parametres a donne les resul tats 
suivants : 
. la salinite montre avec la temperature un coefficient de corr~lation 
r-- 0.60 et la courbe de r~gression repond ala formule y; 23.81~ 
+ 0.15 ; avec la si1ice r =- 0.73 et y; 374'le - 11.91 : avec les 
nitrates, r;- 0.58 et y; 6:X. - 0.18 ; 
. l 'oxygene montre avec la temperature un coefficient r ; 0. 80 et 
y ;~- 2.78 ; avec les phosphates r; 0.63 et y; 2.48X- 0.28 ; 
. la temperature presente avec les phosphates un coefficient r ; 0. 69 
et y;- l.l6'X. + 0.09 ; avec la silice r; 0.56 et y;- 16.4 <:e 
+ 3.46 ; 
. 1a correlation silice-salinite revele un coefficient r tres signifi
catif de- 0.73 et y- 14.57:X: + 0.085; pour la silice et la tempera
ture r; 0.56 et y; 29.5 :X:.+ 0.045 ; 
. avec la chlorophylle, on retrouve la correlation positive avec la 
temperature r - 0. 69 et y ; 15.45 'X:. + 5. 46, et une corr~lation inverse 
avec l 1 oxygene r;- 0.63 et y; 7.62 OC.- 1.41 ; 

. les nitrates ont le coefficient de correlation inverse avec la sali
nite : r - 0.58 et y ; 29.47 'JC - 1.9, et avec la chlorophylle r = 
- 0. 36 
Notons qu'une forte correlation lie le pH et l'oxygene : r ; 0.85 en 
eau de surface et r ; 0. 74 sur les fonds des lagunes {DE CASABlANCA, 
1974}. 

En conclusion, les couples de parametres interessants sont : 
1) temperature-salini t~ d' une part' en correlation directe ; puis 
temperature-salinite en correlation inverse tres significative avec 
les silicates et les nitrates. Ces resul tats visualisent tres bien 
le cycle habi tuel classique d' une lagune saumitre, avec 1 1 evolution 
de ses parametres et leurs relations respectives ; 
2) les liaisons entre phosphates, oxygene dissous et temperature sont 
tres marquees, la temperature induisant une diminution de 1 • oxygene 
dissous et une mantee des phosphates ; mais on remarque surtout la 
correlation tres ~troite reliant les phosphates a la temp~rature, sur 
laquelle on a peu insiste jusqu' ici et qui est directe et tres signi
ficative ; 
3) les correlations entre chlorophylle a, nitrates, temperature sont 
mains significatives mais non mains interessantes ; elles revelent 
aussi la complexite de la production pri!naire en lagune (benthique 
et phytoplanctonique; de plus, elles font ressortir l 'absence de corre
lation entre la chlorophylle et les phosphates, habi tuelles en mer 
et dans les lacs oil les phosphates sont generalement mains abondants. 
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HEAVY METALS IN SUSPENDED Mt>.TTERS AND SEDIMENTS 

FROM A CONFINED LAGOON ON THE NoRTH AfRICAN COAST, EGYPT 

Osman EL-RAYIS and M. SAAD 

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

Lake Mariut is one of four shallow brackish lagoons or "lakes" along 

Egyptian Mediterranean coast line. The lake, may be considered as a reservoir 

of depths range between 50 and 150 em and receives drainage water from Qalaa 

drain at its south eastern side mixed with various pollutants. It also receives 

at its north and north eastern sides waste waters of domestic and industrial 

origins respectively. Within the frame work of the UNES(!)'s Meeting of the 

Experts of the Southern Mediterranean Lagoons in 1979, the present work is con

cerned with determination of the current pollution levels by heavy metals in 

lake Mariut. In this paper, surface suspended matters collected bimonthly for 

over a year from eight stations (Fig. 1), were analysed for Cu, Zn, Fe and Mnl. 

These analysis were also commenced on surfacial sediments2 sampled from these 

stations. Water samples for determination of dissolved oxygen or hydrogen sul

phides were also collected. The regional average values of the studied elements 

are shown in table I. On the basis of the levels of those elements, the lake 

can be classified into two zones. One which is containing the high values of 

the metals in both phases, the septic zone. The water of this zone shows also 

high concentrations of these metals in the dissolved forms3. This study implies 

that the stabilization of these forms is attained by formation of dissolved 

organa - metallic complexes. This water is less oxygenated and sometimes, it 

turned to anoxic water bearing hydrogen sulJ;hide. The other, at the western 

side of the lake, contains the lower levels of the metals and it is always in 

oxic conditions. The lake is polluted with these metals in comparison with 

those in a neighbouring lake, receiving no direct any anthropogenic inp..lts. On 

the base of the present work, the 540,000 cubic meter of water discharged daily 

from the lake to the sea via Umum drain contains 3. 3, 7. 7, 62.5 and 22. 7 tonnes 

of Cu, Zn, Fe and Mn respectively. The effect of the disposal of the industrial 

wastes on the suspended metal concentrations can be seen easily in Fig. 2. 
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Table I. Regional average values of the metals in the suspended matters and in the sediments as well 
as values of dissolved oxygen/hydrogen sulphides in lake Mariut. 

Station 

LaKe proper: 
--I--

II 
v 

VI 

Mean 
(S.D.) 

III 
IV 

Mean 

Draine: 
aaraavm 
Umum VII 

Cu Zn Fe Mn 

---~~~~~~=~--
Cu Zn Fe Mn 

mg/g ml/1 mg/g 

Suspended M a t t e r s S e d i m e n t s 

2.630 + 2.810 + 11.83 7.32 + 3.3 (2.7) 0.130 0.383 4.38 1.33 + 

0.920 1.600 12.73 + 3.86 5.1 (0.8) 0.152 0.386 6.35• 1.09 
o. 712 1.220 2.71 - 2.96 4.4 (1.1) 0.139 0.331 - 4.02 0.60 
0.821 1.480 3.76 2.35 1.8 (7.6) 0.274 • 0.811 + 5.95 0.39 

1.271 1. 780 7. 76 4.12 3.6 (3.1) 0.173 0.478 5.18 0.85 
(0.910) (0.710) (5.25) (2.22) 1.4 (3.1) (0.067) (0.224) (1.15) (0.43) 

0.355 
0.335 

0.790 8.39 
0.610- 4.45 

2.37 10.4 (None) 0.060 - 0.390 2.67- 0.38 -
2.08 - 5.4 (None) 0.108 0.555 4.95 0.59 

0.345 o. 700 6.42 2.23 7.9 (!lone) 0.084 • 0.473 3.81 0.48 

0.537- 1.020- 5.94 - 2.33 - 1.4 (9.8) 0.166 • 0.356 • 3.49 + 0.43 + 
0.575 + 1.030 • 9.05 • 4.02 + 6.5 (None) 0.117 - 0.169- 1.27 - 0.25 -

=============================================================================================================== 
S.D = Standard deviation. The minimum average values are designated by (-) and the maximum by (+). 

MEOlTERANEAN 

SEA 
. 

' 

& 
V a.o\Oa 

3 4 5 km 

Fig. 1- lakE- Mar~ut- position of 

sampling s.tations.. 

Fe Mn 

::;~;· u~~~ 
100 100·~ 

QQ '20 ltQ 60 mg'l OO 10 40 60 mgq 

TSM TSM 

Fig.2- Re-lationships. betwtoen total s.us.pendE"d 

mattus.{ TSM) and s.us.pended m2tsls. in lakt> 

Mariut 
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HYDROU:XiY AND NUTRIENT SALTS IN THE MESSOLONGHJ lAGOON 

N. FRILIGOS 

National Center for Marine Research, Hellinikon (Greece) 

Summary 

The seasonal variation of temperature, salinity, dissolved oxygen, 

nutrients and chlorophyll ~ were studied at 16 stations in the eu

trophic Messolonghi Lagoon in Western Greece during 1983-1984.'£ he e

xamined parameters were analysed by the methods of Strickland & 

Parsons (1968).In Table l are shown the seasonal mean values of the 

parameters in each section of the lagoon. 

The study of the physical parameters of the Messolonghi Lagoon 

during an annual cycle indicates two periods, one from June to 

October, when the waters are hot (21-26 °C) and salty, and the other 

one from December to March, corresponding to a high reduction in 

salinity and low temperatures (13-20 °C).The range of salinity in 

the lagoon varied between 12 %o to 60 %o and it can be cosidered mi

xopolyhaline.These variations depended both on the coming of sea 

water in summer as a result of south winds and evaporation in cycles 

following the tides, together with the winter rains. The concentration 

of dissolved oxygen varied with the season. From December to March, the 

oxygen saturation exceeded 75 %. This was due to the contribution of 

oxygen rich fresh water and wind stirring. From June to October, the 

degree of oxygen saturation diminished in the whole of the lagoon 

and exceeded 60%.The almost permanent state of under~saturation of 

the water mass indicates that this lagoon has a long turn over tilDe. 

This is particularly the case at the bottom of station 16, which is 

deeper and where total anoxic conditions prevail the whole year. 

The concentration of nutrients were higher than those usually 

observed in the Mediterranean Sea.During the annual cycle, the mean 

contents of nutrients showed two minima, one in June and another one 

in October, corresponding to two phytoplankton blooms. The June and 

October chlorophyll ~ peaks corroborated the existence of these blooms. 

The level of nutrients were higher at station 3, point of discharge 
of i;he city effluents and in !•Because of the high concentration of 

nutrients red tide tends to occur in the lagoon and the worsening 

of the environmental conditions is shown by the fish production drop. 

I 

:zo' 

N 

A (14- u) 
a ( i - a 1 
C(4-f3) 

PATRAIKOS 6ULF 

3815-~T-----~----~----~------~----~~ 

Avera~e surface values of the physical and chemical parameters in the st-;rtions of the areas A, B, C. 

Station 53 

Oct. Oct. Oct. 

83 83 83 

Temperature C'CJ 24.9 22.7 17.4 13.2 

Salinity (
0

/oo) 16.5 17.0 40.6 47.4 32.2 41.1 33.8 17.7 

0.0. (""!/!) 6.5 6.5 9.5 6.! 6.5 

(0 /o) 88 84 7! 
I 

93 

(\.M) 1.40 2.90 0.64 

(u'<) 0.12 0.06 0.45 o.ao 0.11 0.05 0.21 0.09 0.04 0.15 0.17 0.11 0.09 

(>I'!) 0.32 0.27 3.46 8.88 0.10 0.!8 1.37 0.2! 0,24 L72 0.27 0.17 0.34 10.17 

[u.V.) 1.73 0.95 1 .. 75 

P04-P (wi'l) 0.17 0.14 0.18 

&N:P (atans) 6.1 24.0 u 1.3 

510,·\ (~,~,; 37.60 16.00 10.76 4.26 29.66 17.78 

Clla 2.06 1.ss~ 7,20 9.701 



E-9 
RonFERS oF LAKE ~1ENZALAH 

Shoukry K. GUERGUESS 

Institute of Oceanography and Fisheries, Kayet Bay, Alexandria {Egypt) 

Lake Menzalah (fig. 1) is the largest and most productive of 

the brackish coastal lagoons of Egypt (Guerguess, 1983). Continuous 

agr.icultural drainage runoff maintains chlorosity within 0.25 to 

1.84 g/1 along the south margin, but the range is Wider around the 

lake-Sea connection G (1.06 to 7.20 g/1). Three types of water 

intermix in the lagoon, agriculut.ral drainage water, sea water and 

sewaye water,the latter inflows through drain 8 (Basin I) and 

contributes 28;., to the total dra:.nage • 

The distribution of Rotifers is governed by the water quality 

rather than by chlorosity. Due to their preference for organically 

rich water. They are dominant in Basin I (53DDD Cl!'g/m 3 , 56% of the 

total zooplBnkton, 18 species) and much lass abundant west (Basins 

III & IV : 8600 - 7900 org/m 3 , 12%, 11 species). [xamination of 

their gut content shows a feeding prefer.ence for detrital material 

and bacteria 

Rotaria sp. was recor.ded. only at the outlet of drain B. Accord

ing to Arora (1966) .B_. rotatoria is exclusively an inhabitant of 

<Jrossly polluted waters. Brachionus calyciflorus showed a preference 

for polluted water and was numeric-

ally dominant throughout the year 

in 0 asin I. y;eratella guadrata 

known to thrive better in polluted 

cold water, appeared in Basins 

D0 rn. MEDITERRANEAN SEA 
11i'ft 0:jsJ x 103 • m3 , 56% 

I & II in "'inter. ]!. falcatus & 

£!_. qua.dridentatus known to occur 

in ~rester numbers in clean waters, 

were <5f rare occurrence in the lake. 

In ell 21 species were recorded, 

14 of which are new (n) records for 

Egyptian inland waters(Guerguess, zalah 

1979) end 13 (*) are known to occur (see text) 

in the lake sources of the Nile (Green, 1967) : 

Brachionus calyciflorus (*) 
]!. angularis 

, ]!. urceolaris 

,.§_.~(*n), 

8.2 X 10 3 • m3 , 12% 

£!_. budapestinensis (* n) 

.§..~(*n), 

~~(*n) 

~sp. (n) 

Trichocerca sp. (n) 

Ascomorpha sp. (n) 

~ sp. (* n). 

, .§.. guadridentata (*), 

New records after Guerguess 

Synchaeta okai (n) 

Monommata grandis (n) 

, platyias quadricornis (* n), 

,.l,..~(*n) 

, Kera tell a guadre ta, 

, polyarthra sp. (* n), 

, ~ sp. (*) and 

( 1979) : 

, ~ brehmi (n) , 

and Lepadella sp. (n) 
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CARACTERES PHYSIQUES ET CHIMIQUES DES ETANGS DE BERRE ET VAINE 

(COTE MEDITERRANEENNE FRANCAISE) 

Ki-Tai KIH(l) et Hare TRAVERS( 2) 

( 1) Yeungnam University 1 Department of Biology 1 College of Science, 
632 {Korea) 

{2) Marine d'Endoume, Rue de la Batterie des Lions, Marseille 
{France) 

SUMMARY : .4 tu>o years regu~ar shows 1'ather homogeneous horizontal and verti-
cal d-cstributions of physical and parameters. Gradients are generally weak 
i::utmay become sharper when stratification occurs, mainly during ferti-
lity and mean hydrological features of these brackish waters are by 
meteorological conditions and influences of marine and overall, inputs. 

La comparaison des donnees obtenues aux diverses stations de l '€:tang de Berre 
(fig. 1) a revele la plupart du temps une tres grande homogcinciit8 des parametres 
physiques et chimiques tels que temperature, salinit€, densite, pH, oxygene dissous, 

phosphates, nitrates, nitrites et silicates. Quels que scient les parametres cons ide
res, leur evolution est tres semblable dans les diff€rents secteurs de l'€tang, les 
eaux etant en general bien m€lang€es par 1 taction des vents et des courants. Il 
existe cependant fn?.quennnent un gradient general Nord-Sud dU aux influences le plus 
souvent opposE.es de l' eau douce et de l' eau de mer. Ce gradient, souvent faible ou 
irrE.gulier, peut etre parfois plus marque, notamment pour les nitrates ou les sili
cates (Kim, 1981) . 
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Figure 1 

Emplacement des stations 

d' E. tude dans les E. tangs 

La faible profondeur de 1 'etang (10 m au maximum) et 1 'agitation de l' eau permet
tent aussi habituellement une grande homogE.nE.it€: verticale des caract€:ristiques hydn_,
logiques . Cependant, surtout en €t€, on peut voir apparaitre des gradients verti
caux, soit tr8:s nets, notamment pour : temperature, salinit€, densit€:, teneur en oxy
gene, pH et alcalinit€:, so it plus rares au mains marques, en particulier pour les 
nutriments tels que nitrates, nitrites et silicates. 

Selon le niveau, la saison ou le d8.bit de la derivation EDF de la Durance, les 
eaux de l 'etang peuvent etre oligohalines, m€:sohalines au polyhalines. Les eaux su
perficielles ou de profondeur intermE.diaire sont habituellement oligohalines, tandis 
que les eaux proches du fond, surtout ·au Sud de 1 'etang, peuvent etre m8.sohalines ou 
polyhalines. Heme les eaux de surface peuvent redevenir m€:sohalines si le d€.bit de la 
d€rivation de la Durance (affluent nettement plus important que les autres, et au 
d€bit r€:gul€. par 1' Electricit€: de France) diminue de fac;on plus au mains consid€.rable, 
cornme cela arrive en ece ou au debut de I' automne lorsque pluviosit€: et fonte des 
neiges sent reduites. 

Ces eaux saum3.tres, a salinite variable, sent assez peu transparentes car char
gees en seston (en moyenne 10-15 mg.l-1). Elles sont generalement riches en sels 
nutritifs divers et plus specialement en nitrates et nitrites (respectivement 19 et 
35 ).latg.l-1 en moyenne). Cette richesse permet des developpements massifs de phyto
plancton (Kim, 1981 ; Kim et Travers, 1984, 1985b), responsables de valeurs excep
tionnellement 8lev€.es du pH (jusqu'a 8,6 ou 8,7, avec des moyennes voisines de 8,3) 
et des teneurs en oxygene dissous (localement jusqu'a 11,4 ml.l-1 et 168 %). 

Dans ltensemble, les caract€.res de l'€.tang de Vaine se rapprochent beaucoup de 
ceux de 1 1 8tang de Berre. On peut cependant signaler que l'€.tang de Vaine est sen
siblernent plus riche que ce dernier en, nitrites et plus pauvre en oxygene dissous, 
ces deux phenomenes pouvant €:tre li€.s ..... En outre, il est nettement plus riche en 
phosphates, d' oil un rapport nitrates/phosphates plus faible que dans l t etang de Berte. 

"!..'E. tude simultanee de diff€.rents parametres atmosph€riques et de 1 'hydrologie de 
stations situees au debouch€. des principaux affluents (Kim, 1981 ; Kim et Travers, 
1985a) ou dans les milieux marins proches (Kim, 1979, 1981) a montre que les princi
pales caract€.ristiques physiques et chimiques de 1' eau des €.tangs dependent E.troite
ment des conditions meteorologiques et de 1' influence des milieux aquatiques voisins, 
qu' il s' agisse de la mer au surtout des affluents de 1' €.tang de Berre. Ces influences 
peuvent €:tre directes ou indirectes, par 1' entremise des processus biologiques, 
m€:mes d€.termin€.s par les apports nutritifs des eaux deuces. 
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IMPORTANCE COMPAREE DES DIVERS GROUPES TAXINOMIQUES 

DANS LES INVENTAIRES DU PHYrOPLANCTON DE L' ETANG SEMI-ESTUARIEN DE LERRE 

ET DES MILIEUX VOISINS MARINS ET DULCAQUICOLES 

Ki-Tai KIM 0 et Marc TRAVER$ 00 

0 Yeungnam University, Department of Biology, College of Science, Gyongsan 
(Korea) 

oo Station Marine d'Endoume 1 Rue de la Batterie des Lions, Marseille (France) 

L'etang de Berre et son annexe l '€:tang de Vaine (fig. 1) ont un caract€:-
re semi-estuarien depuis mars 1966, €.poque oil a ere d€rivee vers eux rnajeune par-
tie des eaux de la Durance, principal affluent du RhOne. Depuis lors, ces etangs se 
sent consid€.rablernent dessales (environ 5 o I oo en moyenne) recevant essentiellement 
des apports dominants d' eaux deuces rna is auss i une entree permanente (et 1 i€.e a la 
mar€e) d 'eaux marines qui ferment un centre-courant pro fond dans le chenal de Caronte 
qui relie 1 'etang de Berre 8. lamer . 

r---------------------.-~~----.---n7-, 

Fig. 1 

des d'etude 

St. 4 Toulouhre 
St. 5 : Derivation de La 

Durance 
St. 6 : DuranC'oLe 
St. ? : Arc 

Les informations apport€.es par ailleurs (Kim et Travers, 1984, 1985) sur le 
phytoplancton de l '€.tang de Berre sont ici cornpl€.t€:es (tabl. 1) par une comparaison 
entre l' importance des divers groupes taxinomiques dans ce phytoplancton et dans ce
lui que l 1 on trouve, d'une part, dans les eaux marines upures" (st.I, fig.1) ou su
perficiellement des sa lees (st .II et 2), d' autre part, dans les principaux affluents. 

Les observations ont porte sur plus de 1000 echantillons d' eau repartis sur 2 
ans et 18 stations, mais surtout destines a des recherches d'ordre quantitatif. En 
consequence, les inventaires realises ne sont nullement exhaustifs. On ne peut €:tre 
€.tonne qu' il a it ere identifi€. plus de taxons dans les €.tangs que dans le milieu ma
rin et les eaux deuces puisque, d'une part, on peut trouver a la fois des taxons dul
~aquicoles et des taxons marins dans les eaux saumatres et que, d'autre part, les 
stations y €.taient plus nombreuses qu' ail leurs. Cette difference de traitement se 
trouve effacee par le calcul des pourcentages (pour lesquels la d€.cimale n' est donn€.e 
qu'a titre indicatif, son degr€. de signification 8tant faible). 

TABLEAU : Nombre de taxons de base (i.e. speeifiques ou et pour-
centage differents groupes dans chaoue 
TouL: Touloubre ; Dura : Durance ; : Duran<;o le ; EDou des eaux douces; 
Berr: etangs de Herre et Vaine ; TOUT : ensemble des 

Toul Dura 0
ole 

Arc EDou Berr Fos St.1 TOUT 

Cyanobact€.ries 
2 1 7 15 8 3 16 
2,8 6,3 3,1 6,4 5,6 8,1 6,4 2,4 5,1 

Diatom€.es 
63 53 28 60 99 111 84 97 208 
8?,5 84,1 8?, 5 ?6,9 ?9,8 60,0 6?,2 7?,0 66,5 

Chrysophycees 
2 2 1 0 2 2 2 2 4 
2,8 3, 2 3,1 0 1,6 1,1 1,6 1,6 1,3 

Haptophycees 0 0 0 0 0 0 1 1 2 
0 0 0 0 0 0 0,8 0,8 0,6 

Prasinophyc€es 
0 0 0 ,0 0 1 0 0 2 
0 0 0 0 0 0,5 0 0 0,6 

Chlorophycees 
5 4 2 12 14 44 18 7 50 
6,9 6,3 6,2 15,4 11,3 23,8 14,4 5,6 16,0 

Euglenophycees 
0 0 0 0 0 5 0 0 5 
0 0 0 0 0 2, 7 0 0 1,6 

CrYJ:itophycees 
0 0 0 1 1 3 1 4 
0 0 0 1,3 0,8 1,6 1, 6 0,8 1' 3 

Dinophycees 0 0 0 1 1 4 10 15 22 
0 0 0 1,3 0,8 2,2 8,0 11,9 7,0 

TOTAL TAXONS 72 63 32 78 124 185 125 126 313 

. . Les Diatom€.es :ont nettement dorninantes, au point de vue qualitatif, dans tousles 
m1.l1eux. Cette dom1.nance est maximale dans les eaux douces et minimale dans les €.tangs. 
Au contraire, les Chlorophyc€.es sont particulierement diversifi€.es dans ces €.tangs, 
al~rs ~ue les eaux d~uces ,n'en abritent guere. Leur raret€. dans les eaux marines est 
moJ.ns etonnante et 1 on n est pas surpris non plus de les y voir en quelque sorte rern
plac€.es par des Dinof lagell€s. Conune les Chlorophyc€.es, mais de fa~ on mains tranch€.e, 
les Cyanophyc€.es sent plus diversifi€.es dans les €.tangs que dans les eaux deuces. En
fin, les 5 especes d'Eugl€:nophyc€.es observ€.es 1 'ont toutes ete exclusivement dans les 
€tangs. 

Il est par ail leurs remarquable de cons tater que, bien que les quatre cours d 1 eau 
arriv~nt ind€.pendamment les uns des autres dans 1 '€tang de Berre, ils ont, a eux quatre, 
fourt;-~ m~~ns de repr€sentants du plancton "d' eau douce" que les deux €.tangs. Ceci est 
partJ.cul~erement net pour les Chlorophyc€.es. Tout en tenant compte des conditions d 'e
chantillonnage, on peut estimer qu'une quantite notable d'esp€ces habituellement consi
d€.r€.es comme typiques des eaux deuces se maintiement actuellement en permanence dans les 
€tangs. Les Chlorophyc€.es et Cyanophyc€.es, si abondantes dans les €:tangs, ne se d€.ve
loppe~t gu€re dans les eaux deuces. Quant aux Diatomees, ce ne sont g€.n€.ralement pas 
les memes especes qui se multiplient dans les deux types d'eaux. 

Il faut en cone lure qu' il y a, parmi les diverses especes ''dul<;aquicoles" pr€.sen
tes, certains taxons qui sent particuli€:rement adapt€s .3. un developpement massif dans 
le milieu particulier des €tangs, d'une part, en raison de leur bonne tolerance a une 
l€.g€:re salinite, d'autre part, a cause de leur aptitude a utiliser les importantes 
ressources en nutriments qui sent a leur disposition. 

Le phytoplancton des etangs de Berre et Vaine. Int. 
69 (3) : 361-388. 

KIN, K.T. & N. TRAVERS, 1985. Evolution de la composition specifique du phytoplancton 
de l 'etang de Berre. Rapp. Corr;m. int. Mer> Medit., 29 (4) : 97-99. 
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A MEROMICTIC LAGOON (lAKE fYbUSTOU, PELOPCNISSOS, GREECE) 

Theodoros KOUSSOURIS and Aristidis DIAPOULIS 

National Centre for Marine Research, Hellinikon (Greece} 

ABSTRACT. Lake Moustou (Fig.l)(22°44-48--w, 37°23-24--N) is a relatively small anc 

shallow basin, being 790m long with a maximum width of 280m and a maximum depth of 

Sm. Although the lake itself with the surrounding pockets occupies about 80ha, the 

main water body, which is the subject of the present study only measures 18ha. The 

lake is connected to the open sea (Astros bay) by two man-made chanals. 

RESULTS AND DISCUSSION. Spring waters, that enter the lake throughout The year, cau

se the water column to become non-homogeneous and lead to the formation of thermally 

different areas. Generally spea

king the maximum and minimum 

temperatures of the springs in 

June were 19 .1 °C and 17. 8°C res-

pectively. 

The stations of the northern a-

rea have higher temperature va-

lues than did the stations of 
fig.l. Morphometrical map of the lake. 

Depths in meters. 
the southern area in August and 

June. In January circulation cau

sed the temperature differences between the two subgroups to be insignificant. At 

most of the stations conditions were mesothermal (stations A,C,D,E,H,I,L in August, 

A,C,D,I,J,K in January and A,C,E,F,K in June), however poikilothermal ones, which 

resulted from the mixing of warm and cool waters, were also observed (station B in 

August and January, station L ,B in June). The rnesothermal conditions developed except 

near the springs stations, because the spring waters, were cooler than the surface 

lagoon waters. 

In August observed successive cool waters strata lying to warm ones, from the 

surface to 1. 5-2. Om deep, as a result of hydrology and morphology of the lake and 

of the physicochemical characteristics of the waters. The monimolimnion is not a 

static state but is subject to change, depending mainly on the weather conditions, 

because of basin-s shallowness and the almost stable temperature of the spring wa

ters. In January there was an invasion of warm water from the shallow areas that 

was responsible for the breaking of the limitation of monimolimnion. This invasion 

penetrates until to a depth of 3. 5m and resulted from the faster cooling of the 

shallow areas. Iri June following the winter circulation, a new monimolimnion was set 

up which would be maintained throughout the summer. Because of high summer air tem

perat'-lre (39°C on 13 August), the existence of a halocline, the shallowness of the 

basin (mean depth 1. Sm), the existence of a small layer of less saline water on the 

surface and the abundance of organic detri t:us on the bottom, great differences in 

temperature are created between bot: tom and surface water. 

An unusual degree of mesothermy is also prodused as a result of the lower sali

nity of the incoming waters relative to that of the surface water at depths fluctua

ting between 1 to 2m depending on the depth and the distance from the springs. 

The saline stratification tends to be inexistent in shallow stations and following 

the saline mixing, temperatures showed a non mesothermal type. Generally, small 

changes of salinity were recorded in the surface layer, whereas rapid ones were no

ted on the layer of 0. 5-lm depth and downward was gradual the increase ( E ,F ,G in 

January and I.J in June). At those stations at which there was a halocline mixing 

toc:k place only down to 0. 5-lm. Mixolimnion and monimolimnion have created and a 

part of the water mass is said to be meromictic. The width of the zone of mixing is 

determining by the rate of discharge from._ the springs and by the difference in 

density between the monimolimnion and the mixolirnnion (Hutchinson 1937). 

Shallow stations shows pronounced differences in their dissolved oxygen con

centrations which were either very low or extremely high, leading to either deple

ted oP supersaturated waters. Water from close to the bottom at sheltered stations 

such as F and G contained low concentrations oxygen . 

The dissolved oxygen concentrations at the shallow stations {d=l. Sm) decreased 

continously down to 1 and 0. Sm in August and January respectively; however, in Ju

ne this trend was not so regular. At greater depths the oxygen concentration incre

ased to the bottom during all three sampling periods. At stations deeper than 1. Srn 

oxygen concentration was also found to decrease with increasing depth but the maxi

mum concentrations occured between 1-2m, below which it decreased again just above 

the bottom. 

The waters from the mineral springs of the lake are rich in sulfate salts ( 700 

to 1250 mg S04 per 1) and high sulfate concentrations were found at most of the 

stations where it increased from the surface to the bottom { 1050 1050, 950 to 

1100, 725 to 1100 mg/1 ) . The anaerobic conditions of meromictic environments are 

mainly due to the creation of a halo-chemocline such as those found in lago Lung 

{Carrada et al. 1974, Somani 1954), lago di Sabaudia {Milo di Villagrazia 1961), 

and also lake Moustou. 

Intensive escapes of bubbles from the bottom of the lak.::! have been noted. The re

lease of gases in the water, helps in the developmen"!= of a rich population of pink 

and brown bacterian strains, that has been observed on floating algae ( Ulva, Entero

morpha) under favourable salinity and temperature conditions (Grossman ~t al. 19S5). 

REFERENCES 
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CANYON ESTUARIES OF THE DAll'lATIAN KARST RIVERS - 2. ANTHROPOGENIC DIFFERENCES 

IN THE ESTUARINE VEGETATION OF i<RKA AND ZRMANJA 

A. Z. LOVRIC and B. SEKULIC 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

Resu.e: Par ses caracteristiques naturelles, les estuaries de Krka et Zrmanja en Oalmatie septen-
trionale soot semblables mais ils sont diversifie's par les influences anthropogenes. Dans l"estuaire 
degrad{ et pollue de Krka une vegetation ruderale est predominante tandis que dans celui de Zrmanja 
soot dominantes les phytoce'noses naturelles originales avec nombreux ende'miques. 

The effluent area of the Krka river estuary covers cca 2088 km2 , with an annual quantity of average 
precipitations of 1500 mm. !he river length of Krka is 72.5 km, and a domicile population of 53000 in
habitants is directed to this estuary. !he largest part of this estuary is inside the Sibenik commune. 

Sibenik town is a reputed historical settlement and one of the most important cultural and economical 
centers in Dalmatia, lying in the lower part of the Krka river estuary. With its 38000 inhabitants, Si
benik became a considerable immigration center from the Dalmatian inlands (Zagreb county) especially 
because from 1960ies there is developed a number of industrial and service activities. Together with an 
uncovenable treatment of the related waste waters, this resulted by a considerable deterioration in the 
natural ecosystems of lower estuarine areas, but also in the upper river course of Krka where occur also 
some settlements with ca 15000 inhabitants. 

!he most important anthropogenic effluents directed to the Krka estuary are the next ones. The Sibenik 
town besides its domicile inhabitants includes also ca 630000 touristic sleepings, then a marine in the 
port Skradin (upper estuary) including ca 200 yachts, then two considerable factors in E coast of estuary, 
a farm with ca 30000 higs lying directly in a confluent of Krka, then Ornis town whose waste waters are 
also distributed in the Cikola rivulet \a left effluent of Krka), and Knin town with its day output to 
4000 m' of waste waters ejected in the upper Krka course. Including also· 400000 tourists that during a 
year visit the Krka waterfalls, and also a considerable frequence of ca 250 motorised boats sailing per 
a day across this estuary up to its cascades during the summer, the total .anthropogenic impact on the 
Krka estuary may be considerable. 

Thus one may include in this charge all communal and industrial waste waters from the narrower area of 
Sibenik town and from its surroundings, and also the outflows from other adjacent urbane and rural set
tlements directed to the lower river course and to its estuary. Among the natural sources one included 
here all precipitation waters from the effluent area of Krka river, but with a special reference on these 
precipitation waters that pass across the Sibenik city area, cf. Table 1. From this table one may note 
that in the total amount of waters reaching this estuary, the precipitation waters include 98%, but the 
rest of ?'/o are the waste waters of anthropogenic origin that bring with them 84% of all presented nu
trients, and even a major percentage of other toxic matters (hydrocarbons, heavy metals, etc.). Although 
the upper effluent area of Krka includes rather pure waters, by the anthropogenic charge they are trans
formed downwards into the oligo-beta-mesosaprobic waters, up to the beta-mesosaprobic ones. 

The effluent area of Zrrnanja estuary is ca 910 km2
, and Zrmanja river by its length of 69 km almost 

belongs to the Obrovac commune. This commune of 12500 inhabitants (with its main settlements Obrovac only 
1457 inhabitants), belongs among the scarcely inhabited and undeveloped areas of Dalmatia. The main eco
nomical characteristics of this country are a primitiye agriculture, an almost neglectable industry, the 
agricultural and forest surfaces are scarce with a very degraded woody vegetation, and the unique consi
derable activity there is the cattle breeding. Although the Zrmanja estuary is very prominent by its 
natural. attractivity, the development of tourism in this area has been neglectable. The total number of 
the domicile inhabitants directed to its estuarine shores is ca 8800 only, so as one may predict that 
the anthorpogenic impact by the pollution in this river is almost neglectable (cf. Table). From the 
table, one may note that there the natural inflow is uncomparably major that the anthropogenic one, es
pecially concerning the nutrients, and this estuarine ecosystem is naturally stabilised at the lower 
nutrient levels. Thus these estuarine waters belong to the oli9osaprobe ones, that is also confirmed by 
the originality and extraordinary diversity of the biocenoses in Zrmanja estuary. Thus also this estuary 
may be used as a referent undisturbed station for the comparative studies of other Adriatic and Mediter
ranean estuaries of the similar karstic type. 

Among all Yugoslav estuaries, the flora of Zrmanja canyon is the most diversified and the richest one in 
the endemic halophytes as are Artemisia bi?solettiana Vis., Asperula rigens M.G., Astragalus dalmaticus 
(Vis.) Bunge, Centaurea aliena Wagn., Goniolimon dalmaticum WeST:! Rchb., Limnonium anfractum Salm., 
~ aschersoniil$Tiiii(.) Sp., Peucedanum crassifolium Hal., Plantago wulfenii Rchb., Silene ~
croloba Kotschy, Vincetoxicum croaticum Jord., & Four. The very degraded estuarine flora of Krka is poor, 
including 2 times less of algal species and even 3 times minor number of coastal halophytic taxa, and 
the endemic plants there are almost absent. 

In the Zrmanja canyon occur also a number of distinctive phytocenoses, absent in Krka and other degraded 
estuaries, that indicate the original natural structure of this estuarine ecosystem: Corylo ponticae
-Carpinetum caucasicae (humide rockwoods in coastal ravines), lamarici-Salicetum amplexlCaUlis (frutes
c~eatii'OaCties), Aurinio-Astra aletum dalmatici (estuarine cliffs), Microrrhino-Artemisietum 
maritimae (flat rockfields in karst shore , limonio-Goniolimonetum dalmatici (beach psamm~ 
Batrachio-Potamogetum siculi (interior estuarine benthos) and lamprothamnio-Coleogetum zosteracei (cal
careous tuff barriers). Krka estuary includes the next widespread ruderal communities of degraded and 
polluted seashores, being absent in Zrmanja: Rub"'"Viticetum (degraded ectone), Salsolo-Xanthietum (pol
luted beaches), Junco-Scorzoneretum candollei"l'deg~tal grasslands), Cheirantho~tum 
(polluted cliffs), C nodonti-Plantag~ronopi (trampled stony coast), Coleogeto-Zannichellietum 
(degraded shingle bottom , Enteromorphion intestinalis (polluted rocky bottofli'},aiidChaetomorpho-Valo
nietum (bottoms covered by rubbish and was~a estuary occur only the subfossile tuff barriers 
without specific vegetation. 

Although the biologically poorer estuary of Krka is included in the related National Park (1985), the 
very richest Zrmanja estuary is not conserved, and this indicate the uncovenable conservation criteria, 
with a neglecting of the natural biocenological peculiarities and endemism in the recent conservation 
program concerning E Adriatic estuaries. 

Table. ES!IMA!ION OF THE lOADING Of THE KRKA AND ZRMANJA ESTUARIES fROM THE ANTHROPOGENIC AND NATURAl 
SOURCES (int/year) 

SOURCES WATER QUAliTY BOD COD SM TN !P Deter g. 

City area 4.7 883 1400 926 230 127 26 
Surrounding area 4.2 2153 .>373 1385 277 58 21 
Adjacent settlements 2.8 582 907 't93 148 27 15 
Precipitations (affluent area) 1253 1378 2631 6265 150 50 
Precipitations (city area) 6.6 396 924 792 79 46 0.3 
------------------------------ ------------ --------------------------------------------------------------
All sources of Krko 127.3 5392 

Anthropogenic 0.2 33 
Precipitations (affluent area) 680 796 

All sources of Zrmonjo 680 829 

BOO -biological 
nitrogen; TP-

demand; COD - chemical oxigen demand; 
phosphour; Deterg. -detergents 

9235 9861 884 308 62.3 

68 39 1.4 0. 7 
1632 4080 50 16 

1700 4119 54 17 0.7 

SM - suspended mater; TN- total 
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SEDIMENT CHARACTERIZATION IN THE NILE DELTA COASTAL LAGOONS 

Atef A. MOUSSA 

Institute of Oceanography and Fisheries, Alexandria {Egypt) 

One of the Nile Delta coastal lagoons (lake Brullus) was 
selected for the study of seasonal variations in grain size, 

carbonate, and organic matter contents o! sediments. 

This lake (Fig. 1) may serve as a model for understanding the 
sediment characteristics and sedimentary processes in such 

depositional environments and applying the general priaciples to 
similar Nile Delta lagoons. 

Lake Brullus receives a permanent inflow of drainage water 

(20 - 145 m3/eec) resulting in a high rate of precipitation over 

evaporation and formation of a barrier for the invasion of sea 
water. 

The lake deposits are formed on the account of two main sources: 

allochthonous and autochthonous, both contribute by 90 % of the 
total sediments. The other 10 % come from ae9lian transport and 
shore erosion. 

The results of analyses (Table. 1) indicate that the bottom is 

covered by calcareous sand-silt-clays, being more or less homo
geneously distributed. Shells and shell fragments constitute 

significant portion of the sand fractions. Thus, their response 
to bottom agitation in comparison to silt and clay causes some 

variations in the distribution of meaJ;L grain size and the related 
textural parameters. 

The disintegration of these calcareous shells produces materials 
of different sizes, shapes, and densities resulting in the poor 
sorting of sediments especially in the absence of effective hydro

dynamic energy. The silts are the more poorly sorted than sands 

and clays, hence, their increasing amounts result in platykurtic 
size frequency curves. On the other hand, due to almost equal share 

of sand, silt and clay, the skewness tend to be near-symetrl.cal. 

Seasonal variations in sediment parameters are noticed only in 

winter, being represented by a decrease in sand content accompanied 
by a prominent increase in silt content and subsequ.ent changea in 

textural parameters. These variations are caused by the breakdown 
of shells into silt size ranges by the winter vigorous water 

energy. The carbonate content does also show some increase in winter 
due to sweeping off tbe piled shells away from the shores of islets 
which are very frequent in the lake proper. 

Avfrage aeaaona.l valu.ea or aed11lent tell:tural para.fl:tara, carbonatee, ttnd organic ••t.ter 

a1lt clay carbonat• ors:. •• 

1----"------.t kurtoaia akewneaa f------''"--_J.---1...--.,I.----I 
pbi 

6.9 ! 1.0 2.5! 0.6 0.7 ! 0.2 0.17 :o.} 18 : 18 44! 12 }8 ! 9 44 ! 24 1.6 ! 0.9 

Spr1ng 18 6,1 ! 1.5 3.0 ! 0.6 0.9! o.z: -o.O)!O.} 26 ! 19 }5! 10 }6 ! 16 29 ! 20 z .. o!: 1.1 

2} 5.6 ! 2.1 }.1 ! 0.7 0.9! o ... -o.o7:0.4 }5! 25 31 ! 12 }4 ! 16 28 ! 22 1.6 : 0.6 

24 5.9 ! 1.5 J.O! 0.5 0.9 ! 0.2 o.o} :o.z }It ! 21 }6! 10 }Z ! 14 28 ! zo 2,5! 1,2 

Total d7 6.2 ! 1.6 2.9 ! 0.6 0.9 ! 0.3 o.o5 :o.} 29 : 22 42 ! 5} 35 ! 23 32 ! 23 z.o!; 1,2 

11 "' number ot •aapl•• 

MEDITERRANIAN SEA 

marshes 

sand barriers 

floodplal.n 

channel deposi te 

Fig. 1. Nile Delta physiographic units (ASRT Tee. ReP.) 
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VERTICAL DISTRIBUTION OF IRON AND PHOSPHORUS 

IN TWO SEDIMENT CORES FRavl LAKE EoKU (EGYPT) 

Ramzy B. NESSIM 

Institute of Oceanography and Fisheries, Kayed Bey, Alexandria (Egypt) 

Lake Edku is a small Nile Delta brackish water coastal lake 
connected with the Mediterranean sea through a small outlet. 

Two short coree in the recent sediments were taken, one of 
them at the vicinity of the lake - sea connection and the other 
in the eastern part near the drainage area. 

Dried powdered samples were digested with a hot mixture of 
concentrated nitric and percholoric acids. The digest taken in 
solutions was used for the analyses of total iron, total phospho
rous, calcium, magnesium, and sulfate contents. 

The results showed considerable differences between the surface 
and deep sediments in the eastern part of the lake when compared 
with those near the lake-sea connection (table 1). In this latter 
area, the sediments are mixed with sands introduced into the lake 
from the sea and consequently exhibit lower amounts of pore water. 

The drainage water which is loaded with considerable amounts 
of dissolved and particulate elements as well as organic detritus 
and algal flora has enriched the surface sediments with different 
constituents. 

Calcium and magnesium are more or less uniformly distributed 
in the two sediment cores with slight deviations from the mean values. 
Magnesium is approximately two times as abundant as calcium in the 
sediments of the mixing area tending to decrease away from the lake
sea connection. A linear correlation between calcium and magnesium 
was found in the sediments of the miXing area (r = 0.99). On the 
contrary, aagnesium showed strong correlation with total carbonates 
in both sediment cores (r = 0.9). 

The iron and organic matter contents in the lake sediments are 
generally higher than those reported by Saad {1980) for the sediments 
of the adjacent Abu Qir bay. Consequently, the transportation of 
these constituents from the lake to the sea may happen. 

The relative drop in phosphorous content in the deepest sediment 
layer was accompanied with marked increase in organic content 
which makes a considerable dilution of this element. Iron on the 
other hand, show a reversible relation with organic matter. Sulfate 
show no significant variations around the mean value. 

According to the relative abundance in the sediments, the 
studied constituents can be arranged in the following order: 
eo3 > Fe>Mg> sa

4
> Ca> P 

References : 

Saad, M. A. H., El-Rayis, o. A., and El-Nady, F. E.,1980. 
Occurrence of some trace metals in bottom deposits from Abu Qir 
Bay, Egypt, yes Journees Etud. Pollutions, pp. 550 - 560. 
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THE ALlflvlETRIC GROWTH OF MvT!lASTER MINIMUS AND M, LJNEATUS cr<bL, BIVALV,) 

IN TWO BRAKISH WATER lAGOONS 

A. NICOLAIDOU and V. KIORTSIS 

Zoological Laboratory and Museum, University of Athens, 
Panepistimiopolis, Athens (Greece) 

Abstract. 

Allometric growth was comparatively studied in the populations of adults 

Mytilaster minimus and M.lineatus from the brakish water lagoon Mazama, of Amvra

kikos Gulf and of M.minimus from the Aetoliko lagoon near Messologhi (both in 

western Greece). 

In ~lazoma, 150 M.minimus were collected from Zostera leaves,at a depth of 35cm 

and 118 M.lineatus from stones at approximately 20cm. In Aetoliko where only 

M.minimus was present,l38 individuals were collected at lSOcm depth also from 

Zostera leaves. The dimensions length, height, width of the shell measured were 

fitted to the allometric equation Y=aXb and the constants estimated by the least 

square regression. The significance of departure of the exponent from unity as well 

as the difference in the slopes of the regression lines between the population; were 

tested by Student's t-test. 

The allometric equatiorsfor the three populations are shown in Table l. 

M.lineatus 

H = 0.829LO.Bl\ t = ll. 746 P<< 0.001 

W = 0.462L
0

·
973 

t = 0. 719 0.20(P( 0.50 

M.minimus Mazama 

H = 0. 791L0.808 t = 19.507 p~ 0.001 

W = 0.295Ll. 036 t = 1.986 0.02<P<0.05 

M.minimus Aetoliko 

H ·~ 0.682LO.BSS t = 10.260 P<t 0.001 

W = 0.424L
0

·
913 

t = 7.409 P<t 0.001 

Table l. Allometric relationships between H/L and W/L in the three populations of 

Mytilaster. Isometry is indicated by+ • L=lenght ( H=height, W=width of the shell. 

In M.lineatus the height shows negative allometry in relation to length i.e. 

the shell becomes more elongated as it grows. There was no allometric growth between 

width and length. M.minimus from Mazama shows negative allometric growth for height 

but positive for width. In this case the growing shell becomes longer and wider, 

i.e. more "cylindrical" in appearance. On the contrary, the same species from Aeto

liko lagoon shows negative allometry for both height and width, appearing longer 

but flatter as it grows. Comparison of the allometric equationsof different popula

tions of Mytilaster showed that M.minimus from Mazama and Aetoliko grow differently 

with a probability P«. 0.001 (t=l0.633,for H/L and t=5.794 for W/L). Conversely,the 

two species of Mytilaster in the same lagoon have a similar type of growth. 

(For H/L t=0.472, 0.5<P and for w/L t=l.549 O.lO(P(0.20). It should be stres-

sed that in the last case the two regression lines do not coincide l.Jut are paral

lel; having the same slope b but different constants a (P{: 0.001). 

Among factors known to affect shell shape in mussels, are the substratum,crow

ding, salinity, exposure to waves ,nutrition and immersion (Lubet 1976). In the 

present case the main difference between the sampling locations is the depth, which 

may - in such shallow and enclosed areas - cause differences in the mechanical 

action of waves and salinity changes. Possibly ,environmental factors may play a 

more important role in the allometric growth , than the genetic constitution of 

the species. 
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LA DYNAM!a.JE DE LA STRUCTURE a.JALITATIVE DU ZOOPLANCTON 

DE LA LAGUNE S!NOIE AU CCURS DES ANNEES 1971-1985 
Teodora ONCIU et Maria RUSU 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

C'est a l'extr€mite sud du complexe Razim-Sinoie que se trouve la lagune 
Sinoie, dont le regime hydrologique se caracterise par une double alimentation : avec 
des eaux danubiennes et marines. Celle-ci conduit a une perrnanente instabili te des 
parametres physico-chimiques, surtout de la salini te {.!_) • 

Depuis 1970, on peut constater une tendance a la d€:salure des eaux de la 
lagune, comme suite de la reduction de ces liens avec la mer Noire. 

1 'etude du zooplancton de la lagune Sinoie est fondee sur l 'analyse de 
890 €:chantillons quantitatifs pn§leves des eaux superficielles, durant les annees 1971-
1985. on a determine 88 especes (84 holoplanctoniques et 3 meroplanctoniques) dont 
14 t marines, 40 t limniques, du reste - des esp€ces euryhalines. 

En analysant la dynamique de la biomasse zooplanctonique annuelle moyenne 
(mg/mc), celle de la fr€quence relative (t) des especes dorninantes, corroboree a la 
dynamique de la salinite (g NaCl/l) (tableau ci-dessous), on peut conclure : 

- les esp€ces dominantes sont celles euryhalines, et notamment Brachionus 
quadridentatus Hermann, B. olicatilis MUller, Keratella cochlearis Gosse, K. quadrata 
MUller, des especes du genre Filinia et Notholca, parmi les rotif€res, Bosmina longi
rostris Miiller, Daphnia lonqi~Uller panni les cladoceres, Calanipeda aquae
dulcis (Kritsch), Arctodiaptomus salinus (Daday), des especes du genre Eurytemora, 
parmi les copepodes, ont ete presentes pendant toute la p6riode analysee ; 

- la diminution de la salinite qui eut lieu en 1972-1973, suivie par l'in
tense adoucissement de l'annee 1975, ont comme consequence aussi la diminution de la 
biomasse moyenne annuelle du zooplancton causee par la reduction du nombre des espe
ces marines {Tintinnides, Noctiluca miliaris Suriray, Moerisia maeotica (Ostroumov), 
Penilia avirostris Dana, Acartia clausi Giesbrecht, les nauplii de Balanus (2) bien 
que le commencement de la consolidation des peuplements des especes limnicol;s -des 
rotiferes (Brachionus diversicornis var. homoceros Wierz., B. rubens Ehrenb.), des 
cop8podes (Heterocope caspia Sars, les especes du genre Cyclops), et surtout des cla
doceres Diaphanosoma brachiurum (Lievin), Daphnia magna Straus, Leptodora kindti 
(Focke) 1 Cornigerius maeoticus (Pengo) I Cercopagis pengoi {Ostroumov), responsables 
des hautes valeurs des biomasses des derni€res annees { 1983, 1984, 1985) ; 

- la communaute zooplanctonique, a une basse homeostasie, est caracteris€e 
par des fluctuations non-periodiques de la _structure qualitative, dependantes des os
cillations de la salinit€. : la penetration des eaux marines pendant les orages a 
grande intensite (1976, 1981, 1983) permit l'enrichissement de la faune par des espe
ces marines (Pleopis polyphaemoides Leuckart, Synchaeta littoralis Reuss.) bien que 
la crue des eaux des canaux de liaison avec le lac Razim (1976-1979) permit l'apport 
des especes qui y sent caract€ristiques (Epiphanes pelagica Jenn., Synchaeta razelmi 
Rudescu). 

ann~es '71 '72 '73 '74 '75 ··76 '77 •78 •79 •so •s1 I 82 I 83 1 84 '85 

biomasse 486 3203 915 934 190 215 1441 327 353 224 178 194 438 2794 897 

salinite (min. 4,8 0,70,91,1 0,21,1 0,2 0,6 0,4 o, 1 0,4 0,8 0,4 0,3 0, 3 
etmax.) 9,911,95,48,1 2,9 4, 7 9,3 2,81,31,9 2,0 3,1 3,5 1 '7 2,1 

ESPECES EURYHALINES 

Br. g uadridentatus 61 39 17 2 40 13 5 4 12 4 4 11 4 15 4 
Keratella cochlearis - 61 20 33 26 50 56 29 39 46 57 44 40 24 
Bosmina longirostria 39 - 30 10 50 45 65 79 82 62 67 86 67 
DaQhnia longisQina 13 5 17 11 8 5 9 34 14 3 42 53 76 
Calanipeda 40 11 67 36 20 42 72 59 75 86 41 \5 71 42 81 
Arctodia[>tom us 3 51 2 40 - 53 3 55 11 9 8 33 3 

ESPECES MARINES 

Noctiluca miliaris 9 10 
Tintinnidae 46 14 
Moerisia maeotica 10 21 
S;y:nchaeta littoralis - 18 - 3 
Balanus (nau[>lii) 64 29 12 29 12 2 6 
PleoQis 8 7 3 
Acartia clausi 67 44 - 53 - 35 

ESPECES LIMNICOLES 

EpiQhanes ~lagic11 - - 47 45 37 
Br.diversicornis 18 20 32 25 19 3 11 48 29 
Synchaeta razelmi 10 9 
DaQbnia magna - - 13 20 30 
DiaQhanosoma - 38 4 10 21 20 3 24 5 - 38 
Heteroco2e cas[>ia 9 34 38 34 27 46 43 
CycloQS vicinus Ei 11 23 15 15 5 
======::::=====::::=========================================================== 
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SEASONAL VARIATIONS OF DISSOLVED ORGANIC MATTER 

IN THE NozHA HYDRODROI'E DURING 1969-70 AND 1979-80 
Massoud A.H. SAAD 

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

SUMMARY:- The seasonal distribution of dissolved organic matter (DOM) in the Hydrod. 

rome was investigated during 1969-70 and 1979-80, to show the social and environ

mental impacts on the values of DOM in this lake. The major fraction of DOH origi

nated from the allochthonous input transported into the lake by the feeding Nile 

water. The minor portion, however, originated from the autochthonous supply, ass

ociated with biological processes. The concentration of DOM has doubled at each 

location after ten years. Such increase in DOM content with progress of time was 

accompanied by a decrease in the values of dissolved oxygen. 

The Hydrodrome was isolated in 1939 by embankment from Lake Mariut, a shallow 

brackish-water lake situated along the Mediterranean coast of Egypt south to Alex

andria. The Hydrodrome has an area of about 1310 acres and an average water depth 

of about 3 m. This lake receives the Nile water from Mahmoudia Canal through a feed

ing canal. The chlorosity of this lake is low, fluctuating between 0.12 and 0.48 g/l 

(Saad, 1973). The bottom of the Hydrodrome is covered with silty clay mixed with 

calcareous shells. The present work was undertaken to study the seasonal distribution 

of DOM in the Hydrodrome and to illustrate the variations in its concentrations with 

progress of time, resulting from the social and environmental impacts. Surface water 

sampling was conducted monthly in the lake during march 1969- February 1970 at five 

selected stations. Sampling was repeated seasonally during 1979-80 at the same locat

ions. 

As during 1969-70, the curves of DOM at the different stations during 1979-80 

run generally similar, due to the more or less continuous mixing of the lake water 

by wind (Saad, 1974). 

The results show that the major fraction of DOM in the Hydrodrome originated 

from the allochthonous input, mainly from untreated sewage and industrial wastes as 

well as agricultural runoff discharged in various amounts first into the Nile water 

in Rosetta branch and Mahmoudia Canal, then transported into the lake by the feeding 

water. However, the minor portion originated from the autochthonous supply, associated 

with biological processes. Accordingly, the environmental impact is related to eutro

phication of the Hydrodrome from pollution, leading to the increase in the rate of 

decomposition of plankton and other organic remains, causing reduction in the con

centr.ations of dissolved oxygen and consequently hazardous effects to aquatic life 

(Saad, 1974). The concentration of DOM has doubled at each station in the Hydrodrome 

after ten years. The regional average values of dissolved oxygen calculated from the 

Hydrodrome during 1969-70 (Saad, 1973) were higher than those obtained from this lake 

at the same stations during 1979-81 (unpublished data). 

During the two periods of study, the high region"l average DOM values at stations 

I and V indicate that the Nile water entered into the Hydrodrome through the feeding 

canal contained high concentrations of allochthonous DOM. However, the low regional 

averages at stations II, III and IV suggest dilution of the feeding Nile water with 

the lake water. 

The average DOM value calculated for the Hydrodrome during 1979-80 (3.03 mg 0/1) 

was nearly doubled that obtained during 1969-70 (1.59 mg 0/1). The present study mo

nitors the existence of organic load in the Hydrodrome in the near future. Some con

trols should done in order to prevent or at least minimize the effects of present and 

future pollution on the feeding water of the Hydrodrome. 
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LES MILIEUX HYPERHALINS SARDES, l - (RUSTACI~S ~\A.LACOSTRACES 
DES ETANGs DE PoRTo &:mE ET PORTO PINO 

Cesare F. SACCHI et Rena to SCONFIETTI 

Dipartimento di Genetica, Sezione Ecologia, 
Piazza Botta 10, Pavia (Italia) 

Les etangs de Porto Batte et de Porto Pi no constituent une serie de nappes d 'eau 
dont la salinite, constatmnent ou sur une grande partie de 1 'ann€:e, est sup€:rieure a 
celle de la mer. Ils s 'etendent sur plusieurs km, entre 1 'isthme de Sant 'Antioco et 
les collines de Teulada. Leur profondeur est fliible, car rarement elle depasse le me 
tre. Les profondeurs maximales se situent pres des graus, artificiellement entrete-
nus car 1 'ensablement les menace. Les €:tangs con:nnuniquent avec le mer, au Sud par les 
trois graus de Pto Pino, ouverts sur une longue plage sablonneuse, au Nord par le pe 
tit grau de Pto Botte, egalement pratique au milieu des dunes. L' ensemble est entou= 
re de mares salees astatiques et de marais salants non cultiv€:s; les salines encore 
actives de S. Antioco se trouvent au N-W de ce systeme (voir figs A et B). 

Le groupe meridional (Pto Pino) partiellement utilise pour 1 'aquiculture (surtout 
des muges) est relie au groupe septentrional (Pto Batte) par un canal, etroit et pro 
fond d'un metre a peine (St. 10), qui passe en siphon au-dessous d'un fosse drainant 
des terrains agricoles. Ce fosse recueilledes eaux de pluie et de ruissellement, ain 
si que de petits affleurements en amant. Il est a son tour profond un metre en moyen 
ne et les sables littoraux en bloquent le debouche pendant la longue saison seche -
de la region. Son eau est faiblement salee: il represente ainsi un bon terme de com
paraison avec les milieux hyperhalins qui l'entourent. Les etangs sont compris dans 
les feuilles n° 233-III-S.O.; 233-III-S.E.; 239-IV-N.E. de l 'Iatituto geografico mi
UtCII.'e ita lien (I. G.M., ediz. 5-1966). 

En dehors de 1 'embouchure des graus et de leurs abords immediats on ne trouve de 
faune aux caracteristiques marines que dans une etroite lisiere occidentale du grou
pe de Pto Pino (Sts 12 et 15). Ailleurs, si 1 'on excepte un egout a ciel ouvert en 
bordure meridionale de l'etang N de Pto Pino, la faune est pauvre et marquee par l'h_r 
perhalinite. Parmi les Mollusques, on n'y trouve guere que le Bivalve CCII.'diwn (Ce
I'aatode!'ITla) gla.ucum (Lam.) et le Prosobranche Pil'enella conica (Blainv.) sporadique
ment accompagnes d 'liyd:toobia cfr. ventl'oaa (Mont.) qui prHere pourtant les fosses pe 
ripheriques mains sales (St. 5). D' autres elements, classes comme eu.ryl:talins dans 1 'f 
chelle de MARS (1950, Vie et Milieu, 1: 441-448) ne se retrouvent que dans lea sec
teurs plus marinises. Quant aux Poissons, les etangs constamment hyperhalins n'heber 
gent d'une maniere stable (Sts 4 et 6) que des individus, souvent nains, d'Aphaniua
faaciatua (Val.) pouvant tolerer des chlorinites de 65%. et de faibles valeurs d'o 
xygene dissous accompagnes d 'une temperature tres elevee (COTTIGLIA, 1980, CNR AQr 
1/90, p. 45). Relativement mains pauvre, la faune de Crustaces Malacostraces a done 
retenu en premier lieu notre attention: quelques-uns de ses representants constituent 
d 'ailleurs des peuplements assez nombreux. Le tableau, oil figurent comme exemples les 
valeurs de temperature et de salinite, ainsi que des appreciations de presence des a
nimaux, enregistrees en Septembre 1985, donne la liste des especes jusqu'a present 
rencontrees dans quelques stations typiques. 

En conclusion, l 'element le plus caracteristique semble etre ici Sphael'oma ephip
piwn Costa, le geant des Spheromes lagunaires mediterraneens, qui peuple souvent des 
eaux a salinite elevee, et qui joue chez les Malacostraces un role en quelque sorte 
comparable a celui des Pirenelles chez les Gasteropodes. Sphaeroma ephippium et Pire 
nella conica se trouvent en effet souvent ensemble dans ces etangs, et se pechent fa 
cilement en meme temps dans la lisiere d'algues vertes (Ulvacees, Clado!>horales,Cha£ 
tomorpha ••• ) formant un bard en mauvais etat de biomasse flottimte, lors de la dys 
trophie estivale (Sts 4, 6, 11, 13, 14). -

Parmi ·1es conditions mesologiques qui reglent la presence de la faune de ces etangs, 
c' est avant tout aux facteurs thermo-hal ins qu' il faut penser. Le confinement topo
graphique, bathymetrique et hydrologique de leurs eaux est certes remarquable, mais 
non plus important qu'en d'autres etangs de la Sardaigne meridionale, qui presentent 
pourtant des facies faunistiques bien differents. L 'hydrodynamisme du aux vents est 
tres sensible: la plaine entre S. Antioco et Teulada est sans cesse balayee par de 
forts vents de maeatl'a'Le, soufflant du N-W: les etangs de Pto Batte, surtout, sont 
rarement calmes. L 'amplitude des marees est faible (une trentaine de centimetres) 
mais joue a son tour un rOle int€ressant pour des eaux laminaires: elle cr€e, dans 
cette chaine d'€tangs, des oourants imm€diatement appr€ciables, alors qu'une v€rita 
bl:' vivifica~i?n marine ne revet d' importance qu 'a proximit€ des graus. Le foss€ qui 
enJambe la l1a1son entre les deux groupes d'€tangs n'h€berge de son cOte qu'une fau 
ne que 1 'on peut consid€rer connne banale pour des milieux faiblement sales et a coU
rant tres lent du littoral tyrrhenien (Sts 7, 8, 9). 

Porto 
Botte 

BkJ 

Porto 
Pi no 

B 

Stations 4 5 6 7 8 9 10 11 12 13 14 15 
AMPHIPODA 
Amphithoe ramondi Audouin 
Corophiwn insidioswn Crawford _ 
Corophium sextonae Crawford 
Ericthonius punctatus (Bate) 
Gan>n<21'Us aequicauda (Martynov) - 21 

insensibilis Stock 
paZ.mata (Montagu) 

cfr. va[esi S.Karaman 
11io•rooieU1~oo!"s gry llota lpa 

ISOPODA 
I do tea 
Sphaeroma 

A. Costa 

Sphaeroma Leach 
!26 

Sphaeroma .serratwn (Fabricius) _ 

DECAPODA 
CCII'cinus meoii tE?!'l'£1ne,wJ (Czern.) -

Rathke Palaemon 
Pataemon ser•ratus (Pennant) 

Temperature °C 27 

Salinite 5°/oo 55 

152 

28 

20 

10 

6 
29 
2 

26.5 28 

55 17 

35 48 

ll 
8 
2 

40 

26 180 208 15 13 
55 95 l 

102 !89 

27 26.5 26.5 25 28 26 29.5 26 

14 64 62 48 50 50 38 
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CANYON ESTUARIES OF THE DALMATIAN KARST RIVERS -

1. Sa-lE GENERAL ECOLCX3ICAL CHARACTERISTICS OF CLJFFY ESTUARIES 

B. SEKULIC and A.Z. LOVRIC 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

Res u IDe: estuariens des fleuves karstiques en Dalmatie 1 - €cologiques 
ge"ne'rales des rocheux. Due a la ge'ornorphologie, substrats lithologiques conditions hydro-

dans l'tHat naturel les estuaires karstiques sont oligotrophes, ce qui conditionne leur 
Les rivieres karstiques en Dalmatia septentrionale ant les canyons estuariens les 
les cascades tuface's delimi tant brusquement leur partie saurnatre de celle 

douce .. A cause de ces singularitt!s on a proclame 1 'estuaire de Krka comme un Pare NationaL 

estuaries 
2 Krka 

Among the nine estuaries in Yugoslavia, only three ones have the 
usual alluvial mouth. Other estuaries of the karst river there 
have the deep and narrow cliffy canyons, and among them the most 
dissected ones are Krka and Zrmanja in N Dalmatia. These estuaries 
belong to the most peculiar landscapes of the Dinaric Karst. The 
main characteristics of this karst are the geotectonically dis
turbed and fractured carbonatic substrata (limestone, dolomite, 
etc.), then speci fie paleo-relief forms (Karrenfelder, sinkholes! 
caves, etc.), a specific hydrological regime and restricted sur
face waters with chiefly subterranean circulation, scarce and 
shallow soils with deficient agricultural ressources, a speci fie 
vegetation cover (or the anthropogenically degraded one), and due 
to very poor natural ressources the demographic settling of the 
karst is almost scarce, except the very seashores. 

Both these estuaries phytogeographically belong to the submedi terranean zone of the decidous woods 
(Ouerco-Carpinetum orientalis), but this initial vegetation is, due to the cattle browsing and 
genic impacts, almost degraded to an open thornbush (Paliuretum). Oue to a thermostatic effect of 
along the shores inside these canyons occur also the mediterranean semisempervirent pseudomaquis 
(Ostryo-Quercetum ilicis). 

Although Oinaric Karst is not deficient in precipitations (800 to 5500 mm in year), the majority of 
these precipitations (50 to 70%) sinks throughout the innumerable karst pores and runs by a subterranean 
outflow toward the sea. Due to a mediterranean precipitation regime, the flowings of Zrmanja and Krka 
are very variable (5 to 300 m' /sec). 

The hydrographical properties of both estuaries are very similar: a well evident thermic stratification, 
then a vertical salinity gradient increasing from the surface to bottoms so as the surface desalinizing 
is intense up to the contact of estuary with the open sea, the freshwater surface layers are also richer 
in oxygen than the deeper saline ones, and the alkalinity is there more prominent than in many other 
estuaries. The essential differences among both estuaries are only in the anthropogenic impact intensity. 
The freshwater lakes produced by the travertine barriers suggested the possibilities of their hydro-ener
getic exploitation, that is realized in the Krka river by two hydroelectric plant powers. However during 
the lower river levels, the flowing of this river is stopped by the filling of hydroaccumulations, and 
this influences on the salinity regime in Krka estuary, and also on the stability and growth of the 
travertine .. 

The largest part of the Zrmanja estuary lies in the Obrovac commune and of the Krka estuary in the 
Sibenik commune. Although both communes have a neglectable agriculture and forestry, the industry and 
tourism are considerably developed in the Sibenik one. A reason of this is in the long tradition of 
Sibenik to be an economical center of the surrounding areas. 

The connecting geomorphological peculiarities of the Krka and Zrmanja estuaries are) rocky escarpments, 
cliffy gorges and coastal ravines, abrupt riparian slopes with sliding screes, karstic lagoons with 
rocky shores, estuarine shingle beaches, and the rocky and shingle estuarine bottoms with a well pro
nounced profunda] zoning (mediolittoral and infralittoral belts, and also the circalittoral one in the 
maximal depth of the estuarine canyons). These estuaries are incised in the calcareous platforms, but 
the Krka canyon is rather shalow (50 to 150 m) in comparison with the considerably deeper canyon of 
Zrmanja (100 to 350 m). This is a main reason that the settlements around the Zrmanja estuary lie at 
some distance of its shores, and by this also their anthropogenic impact is additionally reduced. On the 
other hand, the settlements at the Krka estuary are closer to the coast or on the very shore, so as their 
effect in the estuarine ecosystems is considerably more intense. 

The karst waters belong to the oligotrophic waters with a very scarce nutrient content that is a result 
of the geochemistry of karst substrata (Buljan 1969, Smolcic and Stambuk-Giljanovic 1983/, so as the 
travertine barriers of the calcareous tuff are produced both in the upper freshwater course of the karst 
rivers, and also along the brackish shores in their estuaries (estuarine pseudocoralligene, Lovric 1983), 
that is a singular phenomenon in the world. 0)1e to such an abundance of the dissolved lime, and to the 
predominating rocky shores, in the related estuarine benthos almost predominate the epilithic algae 
(Phaeophyta, halophytic Characea, etc.), and among the spermatophyta the most important ones are 
Coleogeton and Althenia. 

The characteristic ecosystems with their specific vegetation in the canyon estuaries of Krka and 
Zrmanja are the coastal travertine waterfalls with calciphilic mosses (Cinc!idoto-Fissidention), then 
estuarine rocky islets with aerosaline grasslands (Agropyro-Inuletum crithmoidis), adlittoral caves 
with ferns (Adiantion) and medioli ttoral caverns with skiophytic algae (Hildenbrandtietum). The vegeta
tioninothe~abitatsoftheseestuariesisevidentlydifferent,dependingofthepresenceor 
absence of anthropogenic impact. Due to their abrupt coasts and to the strong bora winds, there are pro
duced the frequent aerosaline storms provoking an extension of the coastal halopytes in estuarine slopes 
of Krka to 50 m up, and in these of Zrmanja to 150 m upwards. 
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DYNAMIQUE DU SYSTEME PlANCTONIQUE 

DU LAC SURSALt T EKIRGHIOL PENDANT LES ANNEES 1~2-1~3 

Vidor Hilarius SKOLKA et Adriana PETRAN 

Institut Roumain de Recherches Marines,. Constantza (Roumanie) 

This work presents the development cycle of fito- and zooplankton of 
lake Tekirghiol in the 1982-1983 period. 

Dans les notes anterieures ( 1979, 1983) , nous a vans presente 1 • evolution 
de ce lac depuis 1893 jusqu' en 1981. on a montre dans la deuxieme qu • a partir de 1981, 
apres l' arret de la floraison chronique due aux Gloeobotrys clorinus (ete) et ~
chococcus curt us (hi ver) , dans. le lac s 'est instal lee une nouvelle cyclici te phyto
planctonique. Et cette modification est due a la diminution de la salinite totale 
des eaux, de 56,35 °/oo en 1981 a 53,55°/oo en 1982 et 52,57°/oo en 1983. Dans ces 
conditions, les esp€ces citees plus haut disparurent completement et la nouvelle suc
cession put s'installer, avec quelques modifications d'une ann6e 3. l'autre (Tableau 1). 

Tableau 1 

Evolution qualitative et quantitative du phytoplancton du lac Tekirghiol pendant les ann6es 
1982-1983, exprimee en mille cellules/litre 

1982 18.01 10,03 28.04 04,05 21,07 04,11 

Moyenne g6nerale 2410 3301 1402 718 2251 1271 

Espece dominante Chroomonas Ch:n:11tomonas ~~ 
~ ~ sis aristu-

Densit6 espece 
2340 3235 880 140 2124 1202 

dominante 
1983 07,02 08,04 04,06 13,07 31.08 04,10 

Moyenne g6n6rale 6345 44511 164 2544 1218 25530 

Espece dominante 
Nitzschia Chlorella Characippsis ~ 
~lg;ii,~i;iYI.I! e!J.J2S!.1i~!i il!l§il!!ati! lii:i g~1:1a 

Densite espece 
5582 42550 160 2525 807 24048 

dominante 

Au cours de l' annee 1982, on a identifie dans le phytoplancton un nombre 
t~t~l de 16 especes, dont beaucoup insignifiantes au plan quantitatif. La moyenne 
generale annuelle fut de 3.975.000 cellules/1 et 12,37 g/m3 poids humide. En 1983, 
on a trouve 14 especes seulement, mais les valeurs moyennes furent plus elevees, de 
10.940.000 cellules/1 et 232,78 g/m3 poids humide, a partir de 1981 quand ces valeurs 
furent de 939.000 cellules/1 et 2, 48 g/m3 poids humide ; on constate done une augmen
tation incessante du phytoplancton, due notamment au developpement des Diatomees pen
dant la periode froide de 1' annee. 

Dans le zooplancton du lac, on trouve peu de groupes de Metazoaires : 
quelques Rotiferes, tels que Brachionus urceolaris, Hexarthra fenica et Polyarthra 
vulgaris, le Cyclopide cyclops vicinus, le Harpacticide Tisbe sp. et le Phyllopode 
Artemia salina. Mais Artemia joue le role le plus important dans la formation de la 
vase therapeutique a cote de Cladophora, car chaque annee elle represente plus de 
90 "' de la biomasse totale du zooplancton. 

En fonction du regime thermique, cette espece presente un cycle biologi
que bien defini. Elle disparait pendant l'hiver et apparait pendant le printemps. On 
n' a pas trouve j usqu' a present ses males dans le lac Tekirghiol, toute la population 
etant done constitutee de femelles parthenogenetiques, qui pendent pendal\t 1' automne 
des oeufs de resistance. 

Pour 1' annee 1982, la moyenne generale atteinte fut de 1889 ex/m3 

(24,56-mg/m3 ) nauplies, 4774 ex/m3 (143,16 mg/m3) jeunes st~des et 4084 ex/m3 

(277,79 mg/m3) adultes. Le zooplancton totalisa 11.206 ex/m (445,76 mg/m3) oil Arte
mia participa avec ses 10.747 ex/m3 (95,95 %) et 444,79 mg/m3 (99,72 %). Pendan_t_ 
i:""'annee 1983, nous avons suivi plus attentivement le cycle de developpement de la po
pulation et sa dynamique, qui est representee dans le Tableau 2. 

Tableau 2 

L• evolution du phyllopode Artemia salina au cours de 1' annee 1983, De I a VI sont 
indiquees les gtneration successives 

Stade Oeufs Nauplies Jeunes Adultes 

07.02 7 0 0 0 

08.04 161 I 60 I 81 0 

04,06 880 II 3.227 'H 16,667 i 267 

T3.07 15.722 IV 21.893 Ill 112,298 II 360 

10,08 4.936 v 75 1V 635 IV 1 ~262 

31.08 12.475 v 10 v 187 IV 1,090 

04,10 6,435 VI 152 VI 1 .265 v 805 

21.11 132 0 0 VI 472 

Il en resulte un nombre total de six generations a evolution inegale. Au 
printemps, la premiere generation se d9veloppe lentement, a cause des temperatures 
basses. La deuxieme est plus rapide et prolifique. La troisieme a le cycle plus court 
et la valeur numerique la plus elevee, mais disparait rapidement. La quatrieme dimi
nue sensiblement. Les generations V-VI se developpent de plus en plus lentement, jus
qu'a la fin de novembre, quand la derniere disparait. 

Jusqu I a la Ve generation, Artemia totalise une moyenne generale de 
4657 ex/m3 nauplies, 12.726 ex/m3 jeunes stades et 6781 adultes done 24.164 ex/m3 

avec la biomasse de 7853 mg/m3. Les Cyclopides et les Rotiferes totalisent 7894 ex/m3 

et 24,93 mg/m3 . Artemia seule representait done 75,37"' de la densite et 99,88 t de 
la biomasse tota~ 
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G-I1 
MEDITERRANEAN DELTAS AND CONES : INTRODUCTION AND GENERALITIES 

Daniel Jean STANLEY 

Division of Sedimentology 1 Stni thsonian Institution, 
Washington, D.C. 20560 (U.S.A.) 

It is appropriate to hold a special syrnp::>sium on SedinEntation in Deltas, Subsea 
Fans and Cones at the 1986 C.I.E.S.M. Congress Assembly. Even though much of the focus 
by geologists remains on the usually deeper marine aspects of the Mediterranean, reasons 
for a ren~ multi-disciplinary approach to the study of fluvial-delta-subsea fan 
systans should be fairly obvious. Deltas and their offshore· depocenters are 'filters' 
serving as sensitive barcrneters for problans, whether pollutants or nutrients, that 
beset this Sea. Moreover, they are indicators of climatic and eustatic sea-level changes 
and reoord subsidence and local structural-neotectonic displacarent. The volume of 
sed.ilrent fed into the Mediterranean basins by rivers is considerably larger than that by 
coastal erosion: thus, it is fluvial input which largely controls depositional patterns 
and fluctuations of sed.ilrentation rate in the deeper, !!Ore distal outer margin and basin 
sectors which have received so much !!Ore attention during the past ~ decades. It is 
of note that rrost fluvial systans, other than major delta-subsea fans, have yet to be 
detailed by geologists (i.e. literally hundreds of significant ones; see Fig. 1). 

A delta and its associated subsea fan (or cone, as it is usually called) need to be 
studied as a unit since they are genetically related and constitute a coherent sequence 
of terrestrial to coastal to marine lithofacies. Present-day sed.ilrentation offshore is 
usually localized on a restricted part, not the entire surface, of !lOst large subsea 
cones due to reduced discharge during the upper Holocene. This is expected off the 
Levant, for example, where a wann phase at about 3000 years B.P. has been recorded (refs. 
1, 2). Substantial climatic changes affecting sea-level and river discharge are responsi
ble for a generally reduced bedload and suspended sed.ilrent output at river !!Ouths. But 
the inportant recent changes in trace elarent assemblages noted offshore, even those 
occurring during the past half-century, are primarily the direct result of u-an's increas
ed irifluence; and patterns of sed.ilrent volume and nutrients reaching the sea have been 
altered by dams and other diversion structures anplaced along !lOSt large rivers for grow
Lng industrial as """ll as irrigation needs. 

Deltas have formed on tectonically diverse settings, rrost of the larger delta-cone 
systans on rrore stable margins (ref.3), the SI!Eller on tectonically rrore active ones. 

Fig. 1. Map showing the distribution of fluvial systans on the Mediterranean and Black 
Sea coasts. Major deltas, !lOst with subsea build-ups, are: D = Danube; Dn = Dnestr; Dne = 
Dneper; Do = Don; E = Ebro; N = Nile; P = Po; and R = Rh8ne. Note that the fluvial/ 
wadi systans are uneven with respect to spacing, flCM volume and sed.ilrent/nutrient output. 
Particularly lCM flCM, except the Nile (prior to 1964) characterizes the central-eastern 
North African margin. 
SerLe of the latter (not all) tend to be associated with SI!Ell or inccmpletely 
developed subsea fans. Regardless of size, h=ever, it is expected that the suspended 
load - once introduced into the sea - is then displaced by Surface Water and Intenre
diate Water circulation patterns. The effects of this circulation on the dissolved 
and suspended load are usually extensive as indicated by the regional transport 
patterns of clay mineral and trace elarents, based on the mapping of deep-sea cores. 

Deltas and their subsea cone depocenters have been used in various ways with 
respect to paleoceanographic interpretations of the sed.ilrentary record. For example, 
the pendulum swings back and forth as to the possible role of the Nile River as a 
'trigger' in the developlEllt of sapropels in the eastE>.xn Mediterranean (cf. re£.4). 
Insofar as the rrost recent (Holocene, s1 ) sapropel is concerned, study by this 
author and his colleagues shCMS that the water mass exchange patterns between the 
Black Sea and the Aegean-I.evantine Basin,.._ through the Sea of Marmara (ref.5) must 
have produced the major effects on eastern Mediterranean sedirrentation during the 
early to mid-Holocene. This view emphasizes the role of lCM salinity water overflow
ing fran the Black Sea into the l"..editerranean as a significant cause of stratification 
and euxinic conditions and, thus, of sapropels between about 10,000 and 6,000 years 
B.P. in the I.evantine Basin. For the formation of this sapropel, it is my view that 
we must seriously consider the origin and influence of deltas and cones in the Black 
Sea as well as those in the Mediterranean. This reasoning is based on the enorrrous 
canbined fluvial input of the Danube and Russian rivers into the Black Sea, plus the 
flCM of the Po into the Adriatic Sea which also anpties into the eastern Mediterranean, 
plus the flow of myriad smaller rivers (see Fig. 1) onto the northern margins of the 
Mediterranean. The role of the Nile River, the only substantial source of water along 
the entire North African margin between Tunisia and the Levant, while not to be over
looked, needs to be examined in a realistic context. 

A coring- program to define the Holocene develOplEllt of deltas and their sul::m3rine 
fans is in order so that """ can establish a Mediterranean-wide sedirrentation base-line, 
i.e. a auantitative context to examine the recent-to-present changes induced by both 
nature <lnd by man. For example, in the Nile, our delta team is finding useful the 
canbined use of lithofacies, mineralogical, geochanical and microfossil analyses, plus 
the use of radiocarbon dating and isotopic correlation. Sedirrentological study of the 
l"editerranean river-coastal-offshore contiguous depositional systans, with literally 
hundreds of small, intermediate and large sed.ilrent point-sources yet to examine, 
remains an alrrost open field of research. 

REFERENCES: 

1. Magaritz, M. & Kaufrran, A., 1973, Nature 243: 462-464. 

2. Stanley, D.J. & l>l.aldonado, A., 1977, Nature 266: 129-135. 

3. Got, H., Aloisi, J.-c. & M::maco, A., ir1 Geological Evolution of the Mediterranean 
Basin ( D.J. Stanley & F.C. Wezel, eds.), 8Pringer-Verlag New York,pp. 355-376. 

4. Rossignol-Strick, M., Nesteroff, W., Olive, P. & Vergnaud-Grazzini, C., 1982, 
Nature 295: 105-llO. 

5. Stanley, D.J. & Blanpied, C., 1980, Nature 285: 537-541. 

h1 

G-I2 
LE SYSTEME DELTMQUE PROFOND DE L'EffiE 

H- GOT 0 et A. MALDONA00° 0 

o Laboratoire de S8dimentologie et G8ochimie Marines, Universit€ de 
Perpignan, Perpignan (France) 
Institute de Ciencias del Mar, Paseo Nacional s/n, Bercelona (Espal1a} 

L'Ebre constitue l 'un des €.missaires les plus importants de 
la Mediterranee ; il draine 1/6 de l'Espagne et sa decharge annuelle actuelle, 
n!duite par rapport au debit du Quaternaire, est de 3 a 4 millions de tonnes. Ces 
aoports ont edifie un delta aerien de 350 km2. 

A ce vaste delta a€-rien fait suite un large plateau continental, 8. 
structure typique de la Mediterranee, et une pente continentale entaillee de 
nombreuses vallees, dtexpression morphologique r€.duite. A sa base, chacune 
d. entre-elles se prolonge par un chenal qui edifie des lobes successifs de deep-sea 
fan (deep sea fan de l'Ebre). Toutefois, ces constructions, enserrees entre les 
Baleares et l 'Espagne, ne disposent pas d 'une a ire geographique suffisante pour leur 
permettre un developpement complet, avec toutes les provinces caracteristiques~ nes 
la base de l'upper-fan, les lobes sont tronques par la vallee de Valence, de 
di:-E'ction orthogonale, qui draine les 7/8 des sediments disponibles. 

Ceux-ci sent achemines sous forme de courants de turbidite jusqu • a 
l'ouverture du Golfe. Dans ce domaine, par suite d'une decroissance de la declivite 
engendn!e par le rejeu de l 'accident Nord Baleares et l 'existence de pointements 
volcaniques qui devient le cours superieur de la vallee, les courants perdent de 
leur competence et les processus de depot reprennent, edifiant un nouvel eventail de 
direction oblique (deep sea fan de Valence). Celui-ci se developpe largement et sa 
partie distale est coalescente avec celle du deep sea fan du Rhone. Tout au long du 
Quaternaire ces processus se repetent de fa~;on cyclique durant les periodes de bas 
niveau marin. Chaque lobe du deep sea fan de l'Ebre s'edifie successivement en 
position plus meridionale, sous les effets conjugues de la tectonique et du regime 
des courants. Cette migration de l 'unite superieure vers le Sud entraine, par 
e1oignement des sources d' apport, une migration de 1 • unite inferieure (deep sea fan 
de Valence) vers le Nord-Ouest. 

Bien que l'ensemble des deux unites soit essentiellement place sous la 
dependance des apports de l'Ebre, les autres fleuves cot:iers participent, de fa~;on 
tres minoritaire, a l 'edification. En outre, 1 'ensemble est modele par les 
phenorn€mes de glissement sur les pentes continentales adjacentes. 

L'edification du systeme delt:a'lque profond de l'Ebre depend done des deux 
facteurs classiques en Mediterranee occidentale le glacio-eustatisme et 
l'hydrodynamique. Sa configuration morcelee en deux ensembles d' orientation et de 
structure differenciees, qui en fait sa particularite, apparait connne la consequence 
de 1' intervention marquee du facteur morphostructural. 

a 
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INTRUSION SALINE ET LA DYNAMIQUE DES MATERIAUX EN SUSPENSION 

AU CONTACT FLlNIO-MA.RIN : REGIME D
1
ETIAGE ET REGIME DE CRUE 

DANS L'WED r'IA.zAFRAN (OUEST ALGEROIS) 

Henri PAUC 

IST, USTHB, B.P. 31, El Alia, Alger (Algerie) 
et Laboratoire de S€dimentologie et Geochimie Marines, Perpignan (France) 

Cinq stations de mesure reparties dans la cluse du MAZAFRAN permet
tent d 'etudier la dynamique des materiaux en suspension au contact du :: 
coin sale, au cours d'un cycle annuel. 

On analyse sur chaque echantillon : 
- la concentration du materiel en suspension, 
- le pourcentage de carbone organique, 
- la composition ionique des eaux et leur pH, 
- le potential electrocinetique de surface des particules. 

On compare ici deux types de structures hydrol()giques opposees du 
milieu d' embouchure : la peri ode d' etiage ( exemple du 22•111il1 1984 ) et 
la crue du 17 mars 1986. Cette derniere est completes par une detection 
de 1 1 extension turbide en mer. 

STRUCTURES HYDROLCX;IQ\JES 

l!.'Il phase d' etiage, l' intrusion saline hydros1;il,tique construi t sur 
le fond de la basse vallee, un coin sale qui remonte jusqu' a 4, 5km vera 
1' amant. L' interface entre 1' eau douce de surface et 1' eau saumatre de 
fond est tree marquee : en quelques centimetres la salinite passe de 0,5 
a ~. Le caurant est nul et la hauteur d'eau est importante ( 2,8m ) 
puisque l 1 embouchure est fermee par un cordon littoral. 

En periode de crue, toute la tranche d' eau, dans 1' oued, est occu
pee par de 1' eau douce animee d 'un fort courant de 1' ordre de 1 a 2 m/s. 
En mer, des le franchissement du cordon littoral, l'eau douce flotte en 
mor~ en tme coooae dkicetrique qui coatiez.:tt Ji- mat~ .detr.itique 
en ·suspension, et dont la salinite augments peu a peu dans le sene 
distal. 

Dans tous lea cas, le pH des eaux varie tree peu entre pH7 et pH8. 

]lEPARI'ITION DES MATERIAUX EN SUSPENSION 

En etiage, la turbidite des eaux est faible et diminue d 'amant en 
aval, de 13 a 5mg/l dans la tranche d' eau de surface et a mi-hauteur. 
Par contre, pres du fond, la suspension ae concentre juate au-deaaus de 
la Mte du coin sale ( 45mg/l), tandis qu' a 1' interieur de celui-ci on 
observe un gradient croissant vera 1' aval ( de 8 a 23mg/l). 

En crue, la. suspension se concentre dans la couche d' eau qui tran
site pres du fond avec un lager gradient amont-aval de 1 100 a 1 300mg/l. 
En surface, parallelement, la suspension se decharge vera 1' embouchure, 
de l 100 a 600m,!t/l. 

En mer, pendant la cr.u.e.. . .la suspenaio.n ~e en surface a 1' inte
rieur de la couche dessalee, sa concentration diminue progressivement 
dans le sene clu vent au fur et a mesure de son melange avec 1' eau ae mer. 
<;ontre le vent, elle s'arrete .tres brutalement a quelques centaines de 
metres seulement de 1' embG>uchure. 

NATURE DES MATERIAUX 
Lea teneura en carbone organique du materiel en suspension sont a 

peu pres inverses des concentrations de la suspension. Bn particulier, 
la peri ode d' etiage ae caracterise par des pourcentages de carbone orga
niquea eleves' de m3me que 1' intrusion marine. 

PHENOMENES DE FLOCULATION A LA FRONTIERE FLUVIO-MARINE 

En etiage, les potentials ZETA aont compris entre -10 et -15m'/ pour 
l' ensemble des materiaux en suspension; ils apparaisaent peu sensibles 
a la Balini te • 

En crue, lea potentials varient peu dans 1' oued, de -12 a -16mV, sans 
variation saline notable. Vera la mer, on assiste par contre, a une re
montee tres sensible des potentials a peu pres proportionnelle a cells 
de la salinite. 

Cette difference de comportement du materiel en suspension vis a vis 
des facteura de la floculation parai t provenir de la difference de leur 
nature : organique en etiage et minerale/collofdale pendant lea cruea. 

~ 

L' eau douce et le milieu marin a' affrontent le .long d 'un plan tree 
incline materialise par une interface halocline tres marquee en amont. 

Lea materiaux en suspension decantent par perte de charge dans la 
basse vallee de l' oued et se deposent sur 1' interface dans sa partie 
la plus amont. 

Lea phenomenes de !loculation n' interviennent que plus tard lorsque 
·les ions 11arins N!l!Jller.cent ·a dif.:fuser :l8n8 l '-ea.:.: douce. 

L'opposition etiage/crue influence lea concentrations de materiaux 
transportee en suspension et leur nature. Elle agit aussi sur la struc
ture fluvio-marine : pendant 1' etiage, celle-ci se si tue en amant et se 
contracts dans la basse vallee de l' oued; durant les crues, elle est 
rejetee en mer et s'etale de maniere tree horizontale. 
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LA MARGE PROVENCALE OCCIDENTALE ET LE CONE SOUS-MARIN PROFOND IlJ RHONE 

ANALYSE DES MECANISMES D' ALIMENTATION 

ET EvOLUTION SEDIMENTAIRE DEPUIS LE PLIOCENE 

V. COUTELLIER, G. BELLAICHE et L. DROZ 

Laboratoire de Geodynamique Sous-Marine, B.P. 48, Villefranche-sur-Mer (France) 

Nous presentons ici les resultats d'une etude bathymetrique au sea-beam et sismique 
haute et tres haute resolution d'un secteur de marge continentale situe au large du Golfe 
du Lion et de Ia Provence occidentale. 

A- LES MECANISMES D'ALIMENTATION : IMPORTANCE DES PROCESSUS GRAVITAI
RES: 
-- Ce travail nous a conduit a mettre en evidence, a diffe~encier et a hierarchiser les 
processus gravitaires agissant sur. ce secteur (glissements en masse et ecoulement gravi
taire) grace a !'adaptation des methodes employees a !'etude de ces phenomenes, qui se 
traduisent par des depots relativement peu epais (de quelques metres a env. lOOm). 

I - Les differents types de glissements en masse 

a) Les eboulements : ils sent difficilement identifiables en raison de leur volume peu 
important. Les sondages 3,5kHz permettent toutefois de les caracteriser au pied des pentes 
abruptes, par de petites hyperboles temoignant d'accidents topographiques lies a des blocs 
ou des amas de blocs glisses. Ces eboulements peuvent egalement se presenter, sur Ia carte 
sea-beam, sous Ia forme de microtopographies associant, au pied de certains canyons, 
ravinements et reliefs convexes. 

b) Les effondrements : Dans certains secteurs du cone sous-marin du Rhone, les 
levees ont completement disparu par ef~ondrement. Les depots lies a ces processus sent 
localement caracterises, en sondage 3,5kHz, par un facies transparent interstratifie dans 
les facies lites de Ia serie superieure de l'eventail. Ces effondrements se sent done produits 
recemment et probablement pendant un court laps de temps. alors que s'edifiait Ia serie 
super ieure. 

c) tes slumps : Ce troisieme type de glissement en masse est present sur les parois 
internes des canyons et des chenaux profonds, affectees par des loupes de glissements 
reconnaissables ·sur Ia carte par de nombreux ressauts morphologiques curvilignes emboites. 
De ·telles structures sent connues dans les reseaux fluviatiles ou elles sont alors engendrees 
par de& phenomenes de sapement provoques par !'erosion des assises detritiques colmatant 
!'axe des vallees. Des glissements curvilignes de meme nature affectent les parois internes 
du chenal de surcreusement de l'ohentail du Rhone, provoquant Ia formation de pseudo
meandres qui lui conferent une allure festonnee et boudinee. II est a noter que ce meme 
type de morphologie se rencontre dans certains chenaux de Ia planete Mars. 

Certaines vallees sous-marines, creusees a meme Ia pente, presentent un profil 
longitudinal concave. Elles sent limitees morphologiquement par des cicatrices d'arrache
ment curvilignes et resultent de glissements chenalises pouvant aboutir' par erosion 
regressive, a des phenomenes de capture de canyons sous-marins, tout a fait analogues a 
ceux que l'on rencontre dans les reseaux hydrographiques continentaux. D'autres escarpe
ments curvilignes affectant les interfluves des canyons sent lies a des glissements de type 
megaslump affectant jusqu'a I seconde t.d. de sediments. 

II - Les ecoulements gravitaires : 

Les glissements en masse peuvent evoluer au pied du talus, et dans les regions 
dis tales de Ia zone etudiee, en ecoulements gravitaires du type "debris- flow", representes 
en sismique par un facies transparent geographiquement tres etendu dont on a pu estimer 
Ia surface a 6.000km 2

• Cependant les ecoulements gravitaires s'expriment le plus commune
ment par des depots de turbidites que !'on trouve repandus a Ia fois dans Ia zone de levees, 
a l'interieur des chenaux profonds, et dans les parties dis tales. de l'eventail. Ces depots 

•constituent de loin le type de materiel le plus communement rencontre dans Ia colonne 
sedimentaire de ce secteur depuis le debut du Pllocene. Leur expression acoustique se 
caracterise par des echo-facies lites, semi-lites parfois frustes. Ces courants de turbidite 
datent pour !a plupart des periodes glaciaires, mais ont pu egalement se produire tres 
recemment, au cours de !'Holocene, notamment dans !'axe du chenal de surcreusement et 
dans le lobe le plus recent de l'eventail du Petit-Rhone. !Is ont pu prendre naissance soit 
dans les zones proximales, a Ia limite du plateau continental et notamment dans les tetes 
de canyons, soit dans des domaines beaucoup plus profonds de Ia pente, auquel cas ils 
derivent au meme titre que les debris-flows des glissements decrits precedemment. 

B - EVOLUTION SEDIMENTAIRE DEPUIS LE PLIOCENE : 

La synthese des resultats acquis dans le secteur etudie a permis d'etablir Ia 
succession chronologique des evenements sedimentaires depuis le Pliocene, tant en ce qui 
concerne l'eventail sous-marin profond db! Petit-Rhone que le systeme de chenaux et de 
rides sedimentaires issus des canyons situes plus a !'Est et parc;,ourant Ia pente jusqu'au au 
pied de !a marge de Ia Provence occidentale. Les mecanismes de depot des corps 
sedimentaires constituant cet edifice ont pu etre· definis selon des criteres acoustiques et 
sedimentologiques. Les conditions paleogeographiques d'edification de ces ensembles sedi
mentaires ont pu etre reconstituees, tant en ce qui concerne les sources d'apport detritique 
(paleo-reseaux hydrographiques proposes par divers auteurs) que leurs voies de transit 
(identification des canyons sous-marins). 

L'eventail sous-marin profond du Rhone a commence a se mettre en place des le 
debut du Pliocene. Cependant ce n'est qu'a Ia fin de cette periode et au Quaternaire qu'il 
se serait organise, a partir des apports transitant preferentiellement par le canyon du 
Petit-Rhone, en un systeme de chenaux et de levees. Plusieurs etapes de construction, 
initiees par des phenomenes de migration de chenaux, ont pu etre mises en evidence et ont 
pu etre correlees avec les phases de construction des rides sedimentaifes situees plus a 
!'Est au large de Ia Provence occidentale. C'est ainsi en particulier que Ia serie superieure 
de l'eventail sous-marin profond du Petit-Rhone, edifiee principalement pendant les phases 
glaciaires du Quaternaire, s'est mise en place de fa<;on synchrone avec Ia construction au 
pied de Ia marge sud proven<;ale, d'une ride sedimentaire constituee de materiaux 
detritiques de composition mixte (terrigene et organogene) ayant transite par le reseau de 
canyons de Marseille-Planier-Cassidaigne. Cette ride sedimentaire est compose des mate
riaux issus a Ia fois de Ia Durance associee au paleo-reseau hydrographique drainant les 
Montagnes de Ia Ste Victoire et de Ia Ste Baume et des biocenoses d'herbier installees sur 
le plateau continental adjacent, emerge a ces epoques. Au cours d'une phase ulterieure, une 
nouvelle ride sedimentaire d'origine exclusivement terrigene, construite a partir des 
materiaux du Petit-Rhone mais ayant transite par le canyon du Grand-Rhone, s'est mise en 
place un peu plus a !'Ouest de Ia precedente, precedant le depot de Ia serie transparente 
superficielle. 

Si Ia chronologie des differentes etapes de construction de cet ensemble sedimentaire 
a pu etre reconstituee, il n'en demeure pas mains que leur datation precise et nos 
hypotheses sur leur liaison avec les phases climatiques, sur Ia nature des mecanismes de 
sedimentation, l'origine des sources de sediments et !'identification des voies de transit ne 
peuvent etre reellement etablies ou verifiees que par forages. 
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Laboratoire de G§odynamique Sous-Marine du Centre d'Etudes Oc§anologiques, 
U.A. CNRS 715, Villefranche-sur-Mer (France) 

INTRODUCTiON - G€neraJement, les s€:diments d€:poses pres de !'embouchure d'un fleuve 
contiennent certaines substances ou €J€ments en des concentrations plus €levfes que les 
s€diments deposes plus loin. Par exemple la matiere organique, ou, parmi les argiles, la 
chlorite, ou encore les mE:taux. 

D,ESCRlPTlON DES REPARTITIONS - On observe en particulier une nette diversite de reparti
tion devant le Delta du RhOne, ou Ia zone d'epanchement du materiel cteverse est pourtant peu 
accidenh.~e (Added et al., 1980, 1983; Ringot, 1980; Added,-1981}. Le dE:bit rnoyen est d'environ 
1500 a 2000m 3 /s. En consid€rant la zone devant !'embouchure du Grand RhOne, ces auteurs ont 
constate que les diverses radiates a partir de Jlembouchure sont caracteris€:es par la relative 
abondance d'un meta! et aussi par Ia faible charge en tel ou tel autre : -la radiale qui va de 
!'embouchure vers l'E est caract€ris€e par ses relativement fortes concentrations en Hg (et en 
matiere organique) et par ses faibles teneurs en Ni; -la radiale vers le SE est caract€ris€e par 
de relativement fortes concentrations en Pb (et en silts) et des Iaibles concentrations en Cr; 
etc. -celle vers ie S Pest par des fortes concentrations en Cr et en Ni, et des faibles en Cd; 
etc.~ Ainsi, en tournant dans le sens des aiguiHes d'une montre on a Ia succession suivante : Hg, 
-(Cr), -Fe, -Pb, Ni et Cr (surtout au large), -(Fe), -(Pb), -Cd, -Zn, -Cu, -Co (par laibles londs). 
Les parentheses indiquent que les eh~ments se trouvent en fortes concentrations le long de Ia 
radiale mais pas les plus elevees. 

Pour la zone d'epanchement de l'Ebre, fleuve qui a aussi construit un promontoire 
delta!que, Ia succession decrite par A. Maldonado et B. Alonso ( 1983) et par X. ModaJTlio (1983) 
apparalt !a suivante (en consldt!rant 1es plus fortes concentrations des metaux doses) : Cd, -Hg, 
-Pb, -Zn, -Cd, -Pb, -Ni qui est bien represente au large (1e Cu et ie Fe n'ont malheureusement 
pas ete doses). 

La Slagne est une petite rlvie're qui se jette dans le Golfe de Cannes-La Napoule. La 
zone n'etant pas trop exposee aux· vents dominant, un petit delta a ete forme. La succession 
dans la zone prodeltaTque parait (le Cd n'ayant malheureusement pas €te dose) : (Ni), -Pb, -Zn, 

-.Cu, -P~~ -~:; (~ui:~~lu~eauNi~~~e e~~ ~~is t~:~ent ,dont le debit peut atteindre 300m 3/s. II a 
construit un promontoire deltaique. Cependant, le plateau continental est ici tr€:s etroit et le 
pro-delta est entaiHe par le Canyon sous-marin jusqu'3 !'embouchure. La succession est : Cd, 
Zn, -Cu (environ dans l'axe du .. S~.Q.Y,Ofl), -Zn, -Pb, -Fe, -Ni (surtout un · peu au large). 

Plus Join, le long du Cap d'Ant1bes qui canal1se les eaux du Var, on a du large (ou de 
!'E) vers le Cap (I'W) : -Ni, ..(Fe), -Cu, -Zn, -Cd, -Pb. 

Traversant la ville de Nice, le Pai11on, est une petite riviere polluee O~apin, 1980). lei, 
il n*existe pas de piateau continental, ni de pro-delta. L'ordonnance est : -Ti, -Fe, -(Zn), Cd, 
-(Fe), -Zn, -Cu, (N), -Pb, Ba, Ptot., -(Hg). Les 'reiativement fortes concentrations en Cr et en 
Ni se retrouvent plus au large et semblent Bees a des particules en provenance de I'E. 

Le cas de !'Argens, petit fleuve qui se jette dans la Baie de Frejus-St Raphael, est 
diff€rent. L'embouchure est exposee aux vents d'E dominants et il n'existe pas de pro-delta. 
Les fortes concentrations ne se trouvent pas juste devant !'embouchure mais un peu au large. 
On reconnait !'ordonnance suivante -Fe, (Hg), -(Cr), Zn, -Cu, -Pb, Cu, -Zn, (Fe), -Pb, -Hg. 

Le cas du petit fleuve Gravona-Prunelli qui se jette dans le Golfe d' Ajaccio (W Corse) 
sembl.e intermediaire entre celui du Paillon (ou du Var) et celui d.~ l'Argens. Le plateau 
continental est tres reduit et les plus fortes concentrations ne se rencontrent pas devant 
!'embouchure. 
L 'ord~nnace apparait la suivante : -Co, -Ni, -Cr, -Zn, -Cu (environ dans !'axe du canyon), N, 
-Zn, Pb, -Cr, -Co (par faibles fonds). 

En resume, et en ne tenant pas compte ni du Cr, ni du Ni, qui sonl generalcment Je 
mieux representes au large, on obtient le plus frequemment !a succession -Hg, -(Fe), -Pb, 
-Zn+Cd, -Cu, -Co. 
La succession peut etre inversee, par ex. dans le cas du Var. 

L'ordre apparalt un peu different devant les embouchures du Paillon et de 1'/\rgens, 
secteurs oU !'influence de la houle domine largement sur ceUe de Ia riviere. 

SIGNIFICATION DE LA PR!'.SENCE DES M!'.TAUX EN FORTES CONCENTRATIONS- On peut 
admettre que chaque metal apporte par un Heuve a un ou deux supports pr€Jerentiels. -
L'affinite du Cu pour la matiere organique est connue. -.Le Zn se trouverait prererentielle
!Tlent lie a !'illite, ou (avec le Cd) sous for!Tle de sulfure. - Le Pb semble pouvoir precipiter (ou 
co-pr<kipiter) avec des oxydes ou hydroxydes de Fe (en partie sous forme de phosphates ?). -
Le Cr et le Ni et une bonne part du Fe seraient surtout associes a des particules fines 
(silicates ? oxydes ?). 

tat ion 
3. Re!Tlous frequents 
entre -50 et -lOOm 

CONCLUSIONS.- En Mediterranee occidentale, les metaux s'ordonnent selon la meme ordon
nance cartographique generale dans les sediments devant les embouchures de rivieres, du moins 
dans les cas oU te debit solide est suffisant pour que les jeux des houles ne redistribue 
totalement le materiel apporte a la mer. Cette ordonnance depend 8. Ia fois de !'heterogeneite 
du milieu sedimentaire {lui-meme dependant des conditions hydrodynamiques dorninantes) et du 
comportement propre des divers metaux qui sent plus ou moins solubles, ou presents sous des 
formes plus ou moins stables. La cartographie des metaux permet done de repCrer d~ !es zones 
de transit rap ide, assez riches en silts et oU les hydroxy des de Fe pn?cipi teraicnt, b) lc<> zones 
en bordure de la precedente oU les particules plus fines se deposent une plus grande part de 
Ia matiere organique, c) les zones oU !'influence du large se fait et oU les partlcules les 
plus fines decantent. 

ADDED A., (1980). These 3 C, Lab. G€odyn. sous-marine Villefranche/Mer, Univ. P. et H. 
Curie (Paris VI), 263p. 
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continental"; Result. del Prey. del Com. conjunto Hispano-N ortea m ., Cadiz, Marzo 1983, Edt. 
J. Castellvi; (Graficos Buper, Barcelona 4) 1 121-136. 
M 0 D A MIO X., ( 1983). Se m. interdisciplin. "Estudio Oceanogr. de la Plataforma continental"; 
Ibidem, 345-36 3. 
R APIN F., (1980). These, Inst. Geol. Univ. Geneve, Fac. Sc., Atel. lmpr. Soc. Phys.; 139p. 
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Paris-Sud, Orsay, Lab. Sedim .; 282p. 
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Po RIVER DELTA 

PART I. BOTTa-\ SEDIMENTS OFF THE MAIN MJUTH (Po DELLA PJLA) 

Giovanni BORTOLUZZI, Franca FRASCARI and Stefano GUERZONI 

Istituto di Geologia Marina, CNR, Via Zamboni 65, Bologna (Italia) 

The Po {mean q 1500 m3tsec, 14Mt/year[1J) drains the most industrialized 
northern italian regions, and affects the sedimentary and oceanographic processes 
of the entire Adriatic Sea [2J. Part of the riverine fine materials settle in the 
prodelta <15-25 mt), while the remaining portion is distributed in the basin accor
ding to meteoceanographic conditions. On a large extent, the Po outflows behave as 
fol.lows: (a) during winter they turn southwards, forced long-shore by anticyclonic 
currents and density gradients, while (b) during summer they are pushed directly 
into the upper basin. The sediment budget of the area must consider the input from 
the northern rivers (traced by a lower smectite [3] and higher dolomite· [4] con
tent) which is in part deposited at the foot of the prodelta slope and further 
offshore. We focused the marine area off today's main mouth, Po delta Pi La, that is 
formed by three distributaries and collects SOX of total liquid discharge). 

Figure 1: Studied area. Dashed lines snow bathymetry, heavy lines show thickness 
{meters) of holocenic sediments <computations after C12J). Numbered dots 
are the sampling stations. Seismic profiles are examples of UNIBOOM 
records. Gray tine maps the acoustic anomaly <see UN I BOOM records). 

We emphasized the prodelta zone, due to its potential capability to accumulate 
riverborne substances at a possible high sedimentation rate. We planned to 
investigate bottom and suspended sediments, and hydrologic properties on a seasonal 
time scale. The paper is divided in two parts and reports data taken during a 
typical summer situation {July 19-25 1985), when low water discharge and marked 
stratification of the water column occured. 

The holocenic evolution of the area is evidenced by a SE elongated wedge of 
muddy sediments {fig.1>, laying over a marked reflector of reworked sands, that in 
turn cover the eroded surface of the Wurmian subaerial plan {approximately 6000 
years B.P., [5J). Two different sedimentary cycles may be pointed out by a 
secondary reflector (fig.1>. The hypothesis can be made that (a) the lower, older 
sequence was formed by mud deposition in an offshore environment during the 
flandrian transgression (maximum sea ingression took place 2000 BP), while (b) the 
upper, lens-shaped, more recent one resulted by deposition of a regressive 
sequence, caused by a rapid accretion of the. delta, up to the present prodelta 
environment. The thickness of (b) was found to be higher in front of the northern 
distributary {4mt), while was 2.5 mt in front of· Busa Dritta and again 4 mt 
southward of it. This body may be explained by the hi story of the modern delta, 
after it prograded very quickly around 400 years B.P., since several diversions of 
the main mouths were reported C6,7J, An abrupt disappearance of deeper beds was 
found in all the seismic records at depth of 20-25 mt {fig.1>. Attending more 
direct evidence, this anomaly is thought to be due to a rapid accumulation area 
that causes trapping of gas in the lower strata. Accordingly, an average deposition 
rate of 1 em/year might be assigned in the area for the past 400 years. 
However averages over hundred of years may not be relevant to decade scale 
deposition processes, expecially when the sources of new particles are large. 

As a matter of fact, a fine-grained core {98% si lt+clay fraction) collected at 
station 5 showed total Pb-210 activities relatively high (2.5 to 5.8 dpm/g) and no 
low levels are reached to know the Ra-226 supported Pb-210 (approximately 1.5 dpm/g 
in similar environments). According to these data, the apparent mean sedimentation 
rate might be 3-4 em/year for the last decades [8J, which is consistent with high 
values of CS-137 [9] found at depth of 50-90 em in some cores sampled in front 
of the main distributaries. Tab.1 reports chemical data of our core. The values 
of Fe, TOC, Total Humic 
Substance (THS) and the muddy +-------+---------------+---------------+-----+ 
composition depict a likely depth Zn Ni Co Mn Fe TOC THS Cu Pb 
flocculation area. The upper (em) ppm X ppm 
core layers present trace metal 
values higher than the average 
surficial concentration off Po 
della Pi la C10J. Furthermore, 
bottom values show higher fi
gures than any reasonable esti
mate for background concentra
tion in this area[11J, thus 
again stressing a very high 
settling rate. A sequential 
leaching extraction was also 
applied to the samples and the 
data showed that Cu and Pb 
variations are mainly due to 
the Fe and organic-bound frac
tions, whilst the "residual" 
part is almost constant down 
in the core, with values of 
15 and 20 ppm for Cu and Pb. 

+-------+--------------+--------------+------+ 
0-3 168 84 17 546 2.5 0.83 0.31 30 54 
9-12 192 80 16 656 2.5 == 

19-22 232 60 14 573 2.2 1. 73 0.33 60 84 
30-33 173 53 13 454 2.0 0.86 0.29 33 64 
40-43 234 77 15 513 2.5 0.79 0.25 44 77 
56-58 133 67 15 589 2.1 == 
70-73 169 51 13 494 1.9 == 

102-105 89 62 14 455 2.1 0.47 0.14 20 26 
+------+---------------+---------------+------+ 

(a) 181 49 13 464 1.0 0.54 == 47 64 
(b) 70 35 12 ? ? 15 20 

+-------+--------------+---------------+------+ 
Table 1: Vertical profiles of total trace metals 

and organic matter versus depth in the 
core at station 5; {a) surface values 
C10J; (b) background v·alues [11J; Cu 
and Pb: cold hydrochloric extraction. 

• 
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PART II. susPENDED SEDIMENTS OFF THE MAIN MOUTH CPo DELLA PILA) 

Alfredo BOLDRIN and Sandra RABITI'I 

Istituto di Biologia del Mare, CNR, Riva 7 Martiri 1364/a, Venezia (Italia) 

The water structure in the studied area was characterized by a well marked 
stratification, typical of summer situations in the Northern Adriatic Sea [2J. CTD 
measurements <see sampling stations in Fig.1, this paper, part I) revealed three 
different bodies: riverine waters, middle-depth waters and bottom waters. The Total 
suspended Matter CTSI'I) presented the highest values in the river: the mean 
concentration was 18.3 mg/lit, while 70% of the figure represented inorganic 
fraction (Fig.1>. The grain size spectra were strongly marked by two modal" classes 
<7 and 18 }'Ill) and corresponded to 2 phytoplancton populations. 

The structure observed in station 2 is rather peculiar: the particle size 
distribution of suspended matter near the bottom showed an increase in the coarse 
fraction when compared with. surface sample; at the· same time, the highest measured 
concentration <28 mg/lit, 81X of inorganic fraction) was found. According to these 
data, such a distribution is thought to be related to flocculation processes and 
suspended sediment trapping occuring in this zone. In this same latter area, a 
turbidity maximum at the boundary between freshwater and salt wedge was revealed 
and studied in detail [13J. In the prodelta zone <stations 3,4,5), hydrological 
measurements and vertical distribution of suspended matter showed the presence of a 
water dome structure near the bottom. Such a structure was characterized by high 
density <>26 tr't>, tow transmittance C<10::t:>, high TSI'I values (>9mg/lit) and tow 
dissolved oxygen concentration (<70% of saturation). Particle size spectra revealed 
a noticeable increase of finer components C<Spm>. These latter are bet ieved to be 
of direct river input, and are normally trapped between the flocculation area and 
the. offshore area (station 5). Alternating processes of sedimentation and 
resuspension, induced by hydrodynam i cat conditions (tide flow, bottom cur rents) 
also permit a periodical alimentation of the dome structure by means of lateral 
advection from the deeper and denser water layer. 

The hydrological structure appeared to be regularly stratified beyond 20 mt 
depth, where density values at the bottom was >27 ~~"t· The riverine injection layer 
is still recognizable at the surface, whereas the mlddle-depth water was characte
rized by maximum transmittance values (>30%, diminishing bottomward to <10%) and by 
lowest TSI'I <<2mgll it). A progressive increase of the inorganic fraction of TSI'I in 
the water column was observed, ranging from about 50% at the surface to >75% near 
the· bottom. Such a trend is bet ieved to be related to the accumulation processes in 
the bottom layer of suspended matter settling from the diluted surface layer. This 
material is not only highly biologically utilized but also produced at the surface, 
and is transferred to the bottom layer as sedimentation of skeleton fragments, 
f.ecal pellets, etc .. Furthermore, particle size distribution and chemical composi
tion of suspended matter is differentiated by various bi o-physi co-chemical proces
ses. Particle size distribution is therefore dominated at the top of water column 
by phytoptancton populations (3 modal classes at 4.5, 11 and 28.5 pm>. From surface 
to bottom, the. TSI'! decreased regularly, but parti cte distribution spectra remained 
substantially the same, thus indicating that the surface layer 'is the source of the 
suspended sol ids. Conversely, in the bottom water layer, size spectra were quite 
different, and presented a higher TSI'! values. At the same time, phytoptancton peaks 
disappeared and the percentage of fine, inorganic particles (<6pm> strongly 
increased. Such variations are thought to result from two different processes: (1) 

bio-physi co-chemical differentiation of suspended matter· in the water column; (2) 
hydrodinamic resuspension of the fine portion of bottom sediments, as evidenced by 
the similarity between the particle spectra of suspended sediment 1 mt above the 
bottom and the uppermost veneer of bottom sediments. 

PO RIVER ADRIATIC SEA 
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Figure 1: l>en:;i,;y structure <at units) and TSI'I distribution off the main mouth of 
·Po river. Particle size spectra at surface, 1 mt above the bottom and at 
bottom levels in Station 5 are reported. 
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IN SURFICIAL SEDIMENTS OFF THE NILE DELTA 

N.M. DOWIDAR, M.A. EL-SABROUTY and A.A. EL-SAMMAK 

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

The distribution of organic carbon, nitrogen and phosphorus was st:!:!; 
died in surficial sediment samples from the Mediterranean shelf off the 
Nile Delta. The average concentrations/ gm sediments were 7.61 mg carbon, 
1.36 mg nitrogen and 0.12 mg phosphorus. The distribution of the three 
elements were highly correlated with each other and inversely correlated 
with mean grain size of the sediments. The average C:N:P ratio (by weight) 
in the whole area was 83:15.1. 

As obvious, the values ot organic matter content in the sediments 
-,ff the Nile Delta average 1.37% is closely similar to the bottom ·sedi
ments of the Mississippi Delta (0.86-l.72%)(Shepard,l956). Figure 2 
$hows the variations of organic matter content of the sediments with 
depth at the. different sections. The least organic matter concentration 
was tound in Agami sector with almost a uniform concentration's at di•ff
erent depths. This is clearly due to the decreased amount of the Nile 
flood r.eaching this area. The west ward flow of the Nile flood is oppo
ssed by the. general eastward circulation in the area and is mostly felt 
away from the coast, this may explain the relative increase of orga
nic matter content at the end of the continental shelf off Agami sect
lOn. As shown in Figure 2, t.he concentration of organic matter is much 
higher in the a-rea between Rosetta and El-Arish with a general trend of 
decreasing concentration with depth.The highest concentration was found 
off Port Said. This is clearly correlated with the general eastward ci
rculation in the area. Beside the general circulation which transport 
the lithogenic and biogenic debris from off the Nile Delta, there exist 
local gyres and vortices in the area off orcu1c .ue.r coatcatCIICI*J 

Port Said and El-Tena bay, such a condit
ion results in a heavy precipitation of 
the most of the sediment load carried by 
these currents, thus leading to the enri
chment of the sediment with organic mat
ter components. As shown in the table , 
the highest organic matter content occ
urred in the middle shelf off Port Said 
qrea which almost considers with the 
area of local gyre formation. As well 
known, the organic matter content of the 
sediments is inv·ersely correlated with 
the mean grain size,such a relation was 
tound highly sig'nificant (p<O.OOl.) in 
the study area.As shown in the table , 
the concentrations of organic carbon, 
nitrogen & phosphorus in the sediment 
off the Nile Delta were correlated with 
each other and the mean grain size, sug
gesting acommon origin. The average 
C:N:P ratio(by weight) was 83:15:1 res-

~:~~! v~;~ ~~~~~l~~~~g i~h~ ~s t~:P N~!~ t:~~; n~~" l. ::::!i:.b~~=· o.M. oont••' of •di-

and may act as a source of inorganic nutrients for increasing the biol
og1cal production in the area. 
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'Ihe accumulating site/s of the metals Ol, Zn, Cd, Fe and Mn in the surface 

sediments of the Eastern Haroour of Alexandria, Egypt, a semicircular bay, on 

the North African coast is the scope of the present work. For approaching this, 

surface sediment samples were collected and analyzed for their totals and 

leachable non - detrital fractions of those metals. The resillts Figs. 1 and 2 

show that , · Cu and Zn are concentrated in the sand sediments that covers the 

shallower sides of the haroour. Fe and Mn are concentrated in the deeper sedi

ments at the middle and north ward towards the main opening - ·300 m in width -

of the haroour. 'Ihese are the ones that stand for the open sea action and are 

formed of sandy - gravel. Cd, is concentrated in the sediments of the western 

side of the haroour. 

Study of the proportion of the leachable fraction to the total of the 

studied metals Fig. 3, reveals that the easily leachable sediments are the 

coarser and deeper ones. Refering to that these sediments are recently recover

ed and co~ntly are less aged relative to those reworked sediments accumu

lated on the shallower sides of the haroour. Arrl Cd, Cu and Zn are related 

mostly to man's activities~ sewage outlets and shipyards, situated on the west

ern side of the haroour. Almost 100% of Cd is of non - lithogenous origin. 

During study of interrelationships between the studied leachable metals 

a significant enrichment for Fe and Mn in the deeper and coarser sediments, is 

indicated. All the evidences, imply involvement of an authegenic process leads 

to that enrichment. The authogenic mechanism is the precipitation of soluble Fe 

(II) and · Mn (II) from the in terti tial waters of a subsurface sediments as 

solids Fe (III) and Mn (IV) oxides, after exposure under the effect of the ero

sion process. 
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- D1-atr~bution of' total (Fig.l), leachable non-detrital (J'ig.2) metal and their proportion 
(Fig. 3) in the sediments of the Eastern Harbour of' Alexandria, Egypt. 
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ABSTRACT 

[VROS DELTA : EVOWTION OF CONTINENTAL SHELF SEDIMENTS 

K. PECHLIVANOGLOU 

Hydrographic Service of the Hellenic Navy, 
Department of Oceanography, Cholargos, Athens {Greece} 

For the study of the Evros river-delta continental shelf sediments 
40 bottom samples and 3 short piston cores are examined concurrently with 
current measurements, aerial photographs and physical oceanographic pa
rameters. Sedimentological processes seem to be related with the suspen
ded·load discharged from Evros river and near bottom currents field ra
ther than the bathymetry of the area. 

For the study of distribution, morphology, origin of sedimentation 
and physical properties of sediments, fourty surface samples were inve
stigated as well as three short cores from the widest area of the Evros 
delta. 

The area belongs to Rhila-Rhodope cristaline massif, and the sur
rounding area of the Evros delta consists mainly of qua ternary terrige
nous and deltaic, as well as neo9"fle and paleogene sediments. 

The Evros river, one of the ·biggest rivers of the N. Aegean area, 
discharges about 3250x10 6 m3 of water per year, through a 15· Km wide del
ta at the eastern side of the area. In comparison with other great ri
vers of the North Greece area, this discharge corresponds to about 
170.000 tons, as carried material both in suspension and bottom load 

The sediments are distributed mainly along zones oriented SE-NW. 
From both sides of a central muddy zone, which begins from the river's e
stuary to NW, sediments are sorted gradually to coarse-grained fracti
ons up to 'sand fraction at the exterior zones. The carbonate (CaCo 3 ) 

fraction at surface sediments increases from 3% at the central muddy zo
ne to 50% at seaward and to 15% at landward sandy zones, while the pre
dominant minerals (quartz, mica, feldspars, calcite) varies from the 
central to the exterior zones. 

The fine-grained central zones -mud, sandy mud, sandy silt- appear 
to be related with higher proportions of: suspended material, mica in 
the sand fraction (>50%), porosity, water content, shear strength, as 
well as with lower proportions of carbonates ( < 1 0%), and bulk densiti
es. On the contrary the coarse-grained exterior zones -sand, clayey 
;and ,muddy sand- appear to be associated with lower proportions of: sus
_)ended material, mica in the sand fraction, water content, vane shear 
strength as well as with higher: bulk densities, water content, carbona
te content ( 15-50%) and percentage of quartz in sand fraction. 

The Mean size - 7-9 phi at the central zone, 2-5 phi at the exteri
or zones - the Inclusive Graphic Standard Deviation -almost all of the 
studied samples are "very poorly sorted" - the Inclusive Graphic Skew-

, t.ess -symmetrical or nearly symmetrical values along the central zone, 
extreme values at the exterior zones- the distribution of the sediments 
texture as well as the conditions of the sedimentation, appear more to 
be related with the quantity and the composition of the material dis
charged by Evros river in relation to the predominated conditions of e
nergy and layer mixing near the river's estuary than with the bathyme
try and topography of the bottom. 
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Using as indicators of the conditions of energy in the area, the 
distribution of statistical parameters (mean size, sorting etc.), the 
distribution of mica in the sand fraction, the low textural maturity of 
the sediments, the wave action, in situ current measurements, it was as
certained that the proportion of energy (currents and wave action) se
ems to be relatively high while the sedimentation in the area is extreme-
1 v hiqh because of the hir.h material offerinq from Evros river and the 
neighbouring coasts, and the favourable conditions .of energy. 

It is believed that the main quantity of the suspended material, 
as results from the study of previous factors and arial - photographs, 
moves in the surface layer N. W. while there is a near bottom current 
which retrogrades either NW-SE or WSW-ENE. Under these conditions of 
movements, mixing of layers is created and the fime-grained material 
is trapped, flocculated and settled. At the same time material origi
nated from the neighbouring coasts, i.s transported, mixed with the ri
vers- s discharged material and sP.ttled seaward creating the landward 
fine-grained zones beween the central muddy zone and the coast. Fina
ly the seaward "sand" zone seems to be related with low quantities of 
fine-grained material and high energy conditions of the area. 

Fig. 1. Map of the Evros 
river delta shelf, show
ing the area of study, 
the bathymetry and the 
locations of bottom sam
ples. Depth contours 
are in meters. 

Fig. 2. Distibution of 
surface sediments. 
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WESTERN MEDITERRANEAN DEEP SEA FANS : FACTORS CONTROLLING GROWTH PATTERNS 

Andres MALDONADO (1) and C. Hans NELSON (2} 

(1) Institute de Ciencias del Mar, Paseo Nacional s/n, Barcelona (Espana} 
(2} U.S. Geological SUrvey, Menlo Park, Ca (U.S.A.} 

Analysis of deep-sea tans nas snown that tne nature of sediment sources and tne 
margin set:t1ng are very important 1n determlning tile pattern of fan deposition. Tile 
1nterplay between the type of sediment source (sand-r icn or mud-rich) and tile 
efficiency of sand transport has been suggested as a main factor controling the 
dlStrlbUt:lon of tan facies. The structural framework is also known to be a pr1mary 
factor 1nfluenc1ng the growth pat:tern of some western Mediterranean deep-sea fans. 
This paper point:s out t:llat: even tllougn t:lle amount and t:ype of sediment: input may be 
equal, structural and morphologic settings of tne margin can result in completely 
d1fferent fan patterns 1n systems witn similar sediment sources and efficiency of 
sand transport. The western Mediterranean provides an excellent setting. to define 
the basic tec't.onic, sediment_:source, and sea-level factors that control 
depositional patterns and fan development. 

Tectonic control by subsiding grabens parallel to tne Spanish continental 
margin result:s in unusually steep downfan gradients, and depositionaL bodies with 
relat:ively straight fan valleys and little or no cnannel bifurcation or 
depositional lobe development. In contrast, grabens parallel to tile Valenc1a and 
Rhone fans result in long-standing canyon and fan valley syscems, with well 
developed fans, cnannel bifurcation and depositional lobes. 

Sediment input across a broad sector of the margin, from mass failure and many 
Ebro-River-fed canyons along the continental slope cont:r ibute to a depositional 
patt:ern of coalescent: non-channellzed sediment: aprons and cnannel-levee complexes 
on the continental rise. wnen a large sediment: supply feeds an Ebro cnannel for a 
relat:ively long period: 1) fan-valley sinuosity increases, 2) channel walls are 
modified througn undercutting, slumping, and crevasse splays, 3) cnannel 
bifurcation occurs, and 4) incipient depositional-lobe formation begins which 
results in a more complete fan growth pattern. Controls of number, volume, and 
grain size of sediment sources nave less influence on tile Ebro Fan system tnan do 
the tectonic and assoc1ated morphological factors. 

The Valencia Fan in contrast, is located at the noz:thern end of a small, narrow 
basin becween two land masses, with strong morphological restrictions on its 
grewtn. Tile principal physiographic orientation of tnis fan 1s related to tne 
morphology of the distal sector of the Valencia Through at its junction with the 
Balearic Plain. Structural control by major taults and volcanic outcrops nas 
resulted in an elongated fan that exhibit a complete upper to lower fan growtn 
pattern. The fan is built by a series of lenticular and sheet-like, cnannel-levee 
complexes tnat are stacked one on top of the other. The vertical sequence of these 
un1ts snows a general upward gradation that represents an upslope migration of the 
fan provinces. 

Tne RnOne Fan nas a growth pattern similar to the Valencia Fan, although it is 
located on the continental rise. Tnis fan is built by a vertical stacking of 
numerous lenticular cnannel-levee complexes. Control of tne fan growth pattern is 
influenced by sediment input at a single point source, related with tile tectonic 
setting of the margin. 

Lower sea level permitted access of coarse r1ver sed1ment to slope valleys and 
promoted deposltion of numerous turbldltes and actlve growth of ·Mediterranean fans. 
During nign sea levels, a reg1me of nem1pelag1c sedlmentation, mass movemen·t, and 

base-of-slope-apron sedimentatlOn nas dom1nated because 111gn-density turbidity 
currents no longer d1sperse sediment or build cnanhelized fan systems. 

In the western Mediterranean Sea, eecton1c 1nstab1l1.t:y, rela't.ively s1:.eep 
gradients, local line sources, and immature sediment-gravity flows with inefficient 
sand transport are c;:ontrolling factors leading to less mature fan depositional 
pateerns. In contrast, eect:onic stab1!1.ty, normal. gradients, a large, single, and 
long-standlng source of f1ne sand, mature. turbldity currents, efficient sand 
transport, and low sea level all promote development of mature fan deposltional 
patterns. 

FAN GROWTH PATTERNS 

APRON 

® 
CHANNEL-LEVEE 

COMPLEXES 
COMPLETE FAN 

CONTROLLING FACTORS 
TECTONIC 

-Instability -----------Stability 

-Steeper Gradients Lower Gradients 

SEDIMENT SOURCE 

-Line Sources Single Large Source 

-Immature Sediment Gravity Flows- Mature Turbidity Currents 

-Inefficient Sand Transport- Efficient Sand Transport 

SEA LEVEL 

-High or Low---------- Low 
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La mise 

LE PLATEAU CONTINENTAL DE MA.JoRQIJE ET ~1JNORQIJE : 

~TURE ET STRUCTURE 00 RECOlNREMENT SEDIMENTAIRE 

Groupe CARBAL (Geologie) 

Universite de Barcelone, Barcelone (Espagne} 

marche du programme pluridisciplinaire CARBAL, (Modele 

bi.osedimentologique du plateau continental balear), nous a permls 

d'etudier les aires du plateau choisies comme zones pilotes a Cabre

ra-Campos, au sud et NE de Minorque et dans les baies de Pollensa et 

Alcudia. 

Les travaux en mer, sismique et echantillonnage, nous montrent. une 

relation tres etroite entre les elements structuraux des iles et ceux 

qu'on repere sur le plateau continental, parmi lesquels il faut sou

ligner: 

-la continuite vers le NE de la depression centrale de Majorque, 

representee en mer par une zone a forte subsidence face aux baies de 

Pollensa et d'Alcudia, limite par des accidents qui suivent les 

alignements des chaines cotieres de Majorque. 

-sur le plateau du NE de Minorque, il y a des affleurements 

cheux en continui te avec l' unite paleozoique du secteur nord de 

l'ile. Le recouvrement sedimentaire y est limite a la partie externe 

du plateau. 

-le plateau sud de Minorque montre la prolongation en mer de l'e'2 

semble tabulaire des calcaires miocenes, sur le quel se developpe 

faible recouvrement plioquaternaire, pres de la cote. Au large, i l 

augmente en fonction de l'affaissement du substrat miocene. 

-entre Majorque et Cabrera, il y a aussi continuite des calcaires 

miocenes, toujours a faible recouvrement. Pres de Cabrera, le subs

trat premiocene apparait, presentant une morphologie tres marquee. 

L'epaisseur du recouvrement plioquaternaire est tres variable. Il est 

toujours adapte aux conditionnements du substrat, soit du Miocene 

superieur, soit de l'antemiocene. Les epaisseurs les plus remarqua

bles se trouvent au prolongement des depressions et vers les parties 

externes du plateau. On y reconnai t des structures de progradation, 

de remplissaqe de chenal ou vallee et de desestabilisation (glisse

ments). 

La nature du sediment est toujours carbonatee, d'origine et dominance 

bioclastique. D'apres les analyses, on y distingue quatre facies pri_!2 

cipales de sediments carbonates: 

-sables et vases d'orig'ine algaire 

-sables vaseuses a turrite~les 
-sables a scaphopodes 

-sables mixtes 

en plus des sediments cimentes et les encrontements. Sa distribution 

est tres variee, suivant parfois des alignements ou des bandes, on 

sous forme en enclaves taches isolees, tel comme apparaissent sur les 

enregistrements du "side scan sonar", ou que l'on peu voir en 

plongee. 

La cartographie a petite echelle de quelques zones pilote, situee aux 

baies de Pollensa et de Campos et a la cote sud de Minor que, ainsi 

que 1' analyse des conditions physico-chimiques de son environnement 

et des communautes benthyques, nous permetra d' etablir le modele de 

sedimentation carbonatee actuelle dans une mer temperee et de la 

comparer avec les series anciennes du Miocene terminal des iles 
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A SEISMIC SURVEY AND MICROPALEONTOLOGICAL DATA IN RELATION 

WITH THE SEDIMENTARY DYNAMICS OF PALMA DE Mo.LLORCA BAY 

G. MATEU (l), J. REY ( 2), V. DIAZ DEL RIO ( 2) and M. GAZA (1) 

(1) Insti tuto Espanol de Oceanografia, Baleares (Espana) 
(2) Instituto Espanol de Oceanografia, Fuengirola-Malaga (Espana) 

Textural distribution of sediments. 
On the basis of a high resolution (3. 5 Khz) seismic survey and a gra

nulometric analysis of sediment samples, a textural map of the superficial sedi
ments of Palma de Mallorca Bay has been elaborated, as shown in _Fig.l. The maxi
mum thickness of these strata is about 25 m. (Fig.3). Within them, subsoil re
flectors have been found that correspond to ancient accumulation of Posidonia 
rhizomae debris. ----

It must be emphasized that there is an atypical sediment depositional 
model, so that a large fan shaped area of coarse sands (0.5- 1.0 mm.) occupies 
the central and outer parts of the bay, while ;there is an irregular belt of me
dium, fine and very fine sands between this central area and the shore line. 
This deposition pattern shows also a practical absence of muds and an abundance 
of biogenic materials, such as plant debris, mollusc shells, coccoliths and fo
raminifera, that are in accordance with the glacioeustatic history of the bay. 
Mateu (1985), and Mateu et al. (1985a), have shown the existence o:f littoral du
nes, ancient infrali ttoral river beds, pleistocene beaches, and vertical displa 
cements of the coast line. 

Micropaleontological history. 
The study of 43.500 specimens o:f benthic Foraminifera from piston co

res obtained at locations T6 and T10 (Fig.2), belonging to 108 di:fferent spe
cies, leads us to assume that: 

1.- Near the center of the bay mouth (core T6, at 55 m. depth), there 
is a relative equilibrium between epifoliaceous forms (Cibicididae, Planorbu
linidae and Discorbidae), and rhizomatic forms (Miliolidae). There is also a 
regression of the last, coincident with the appearance of a mud micro:fauna (El
phidiidae) and the persistence of forms typical o:f somewhat deeper waters, such 
asrextUlariidae. 

2.- The core obtained near the western coast o:f the bay (T10, at 25 m. 
depth), shows a progressive decrease of Textulariidae, a drastic decrease of 
epifoliaceous forms (Cibicididae, Nubeculariidae and Planorbulinidae) coincident 
with the appearance of Elphidiidae, and with a bloom o:f rhizosomatic :forms (Mi
liolidae). The Elphidiidae live on the surface of sediments, on the leaves Of 
Cymodocea and on the tufts of Posidonia, and in present time are in regression 
---aresu1 t of anthropic and/or seasonal incidence (Mateu et al., 1985b). 

Cone lusions. 
The distribution of the sediments o:f the bay may be related to the 

biological production history of its waters. 
The sinuosity index of the bay and its orientation, would have, at 

least partially, secluded it to the mediterranean general currents, so that the 
abnormal granulometr ic distribution of the sediments would have been the result 
o:f internal hydrodinamic phenomena. 
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G-II3 
REPARTITION DU SEDIMENT ORGANOGENE ET DETRITIQUE 

DEVANT &lu- ISMAIL (EX-CASTIGLIONE) ALGER! E 

Djama1 BRAIK 

USTHB/IST, B.P. 9, Dar El Beida, Alger (Algerie) 

La ville cotiere de Bou-Ismarl se trouve a 45 km a 1 1 Ouest 
d 1 Alger. 

L I etude concerne 3 km de littoral a cote basse et rocheuse 
presentant des entablements sous-marins envahis par des pelouses a 
Zosteres, Cymodocees et Posidonies. Les fonds de ce secteur se caracte
-risent par une morphologie tres accidentee. 

L 1 etude statistique des vents montre qUe les plus frequents 
sont des secteurs E, NNW a W. La repartition saisonniere des directions 
de houles au large correspond en grande partie a celles des vents. 

Par suite de 1 1 orientation N60!! du rivage de Bou-Ismarl, les 
houles venant de 1 1 ouest et du NW atteingnent la cote de maniere 
frontale. 
Apres le deferlement, les courants de retour redistribuent le sedaent 
vers le large par les chenaux inter-mattes disposes perpendiculairement 
a la cote. 
Par centre, le role des houles d I Est et du NE, dont la direction est 
presque tangente a la cote, consiste plutot a etaler le sediment sur le 
fond. Ce mouvement sagittal se materialise par une derive littorale qui 
achemine le sediment de 1 1 Est vera 1 1 Ouest, chenalise dans un sill on 
d 1 avant-cote. 

Un sediment essentiellement bioclastique et organogene occupe 
les fonds sous-marins de Bou-Isma~n. La materiel detri tique terrigene 
est tres peu represente. 

Une statistique des modes granulometriques de la fraction 
8Uperieure a 40um permet d I indiVidualiser, 80US forme de 5 modeS f lea 
differents stocks constitutifs. La nature des materiaux determine leur 
modes dimensionnel. 

Mode 1: De 64um a ll5um Frequences maximales a 78um et 140um. 
Mode 2: De 580 urn a ll50um Frequence maximale a 860um. 
Mode 3: De l200um a 2200um Frequence maximale a l350um. 
Mode 4: De 2300um a 2900um Frequence maximale a 2600um. 
Mode 5: De 3000um a 13 OOOum Frequence maximale a 3500um. 

Le mode 1 (78um et 140um) correspond a un facies de sable 
detritique fin de couleur grise, provenant de l 1 0ued Mazafran. 

· Le mode 2 (860um) essentiellement bioclastique, renferme aussi 
une fraction detritique de sable jaune et parfois des graviers greseux. 

Le mode 3 (1350um) est constitue par plus de 50 % de pralines 
de ma!!rl usees et arrondies ass@Ciees a des fragments de coqilles 
briseeS ( jUSqU I a 1/4 dU pOidS de Sediment) et a Ull faible pourcentage 
de graviers greseux. Le mode 3 correspond a un facies organogene 
remanie. 

Le mode 4 ( 2600um) est forme par une accumulation d 1 algues 
calcaires de forme noduleuse et graveleuse (Lithothamnium corrallio!des 
Crouan). 

Le mode 5 (3500um) correspond a un sediment phycogene "frais", 
deja decrit par R.DIEUZEIDE (194Q) sous le nom de gravelle grossiere de 
Bou-Isma!l caracterisee par une espece arbusculaire et branchue 
(Li thothamnium calcareum - Pallas - Areschoug). 

Lea modes 3, 4 et 5 peuvent consti tuer jusqu 1 a 90 % du 
sediment. Ils renferment tous une fraction ph,vcogene associee a des 
1nementa figures. Ils seront confondus pour donner le facies organogeme 
au sens large. 

Le facies detri tique terrigene a son maximum de developpement 
a 1 I abri des hauts-fondS danS la region OCCidentale • 

Dans la zone du large, une limite nette le aepare, au Sud, du 
facies bioclastique auquel il n 1 est jamais asaocie. Vera le Nord, la 
granulometrie diminue progressivement vera sediment vaseux. 

Pres de la cote, le sable fin gris est canalise lateralement 
entre un plateau d 1 avant-cote rocheux a Cymodocea nodosa (R.MOLINIER at 
at .1952) et lee fonds d 1 her biers a Posidonies. Lea vifs courants de 
derive littorale impoaent a ce materiau un bon tri, regulier dans la 
mediane avec un bon claasement ( courbe unimodale tree redreaaee). 

Le facies bioclaatique colonise lea aborda septentrionnaux 
des prairies d 1herbiers a Poaidonies. La fraction bioclaatique est 
conatituee de coquillea de Gaaterdpodes, de Lamellibranches (Venus 
gallina et Venus casina), spicules, petits testa, fragments de-te8t 
d 1 Ours in et de quelques pralines de ma8rl. 
L 1 etat d 1 us~me- dea elements biogenes augmente vera le large, en mAme 
temps que leur proportion diminue. Ce deficit en biogene est compense 
au :fur et a mesure par un apport phycogeme. Ce melange constitut un 
terme de passage du mode 3, au 4. 

La fraction detritique correspond a un sable jaune et des 
debris de grea qui tirent leur origine de 1 1 erosion marine des 
terrasaes quaternaires immergees et cotil€res' par lea grandee houles de 
tempetea. 
Le mode bioclastique est beaucoup plus aujet a un transit frontal. 

On observe 3 zones distinctes a fort pourcentage en ma!!rl 
"frais". Les sediments phycogenea sont separes des herbiers a Posidonies 
par une zone a bioclasts roulea, uses et des reates de thalles. 

Lea zones de production de ma!!rl dessinent des structures 
concentriques d 1 intenai te decroissante, allongees NE-SW et si tuees dana 
lea fonds de 1' ordre de 25 a 30 m. Cette orientation souligne une 
activite hydrodynamique majeure justifiee par la permanence des regimes 
de vents du NE et E. 

Lea fonds sous-marins de Bou-Ismarl sont recouverts par un 
sediment essentiellement organogene. 

La fraction organo-detri tique gros!9iere montre une composition 
biogene autochtone ou le detri tique est peu represente. 

L'organogene au sens large, constituant jusqu 1a 90% du 
sediment, correspond a un stock phycogene a Lithothamnium associe a des 
elements figures. Le passage d 1 un facies a 1 I autre se fait graduelle
-ment par la variation relative de la fraction biogeme. 

La distribution des facies ainsi definis, est regie par 
1 1 effet combine de plusieurs facteurs, a savoir: la morphologie, 
1' agitation, la nature du substrat, les apports detri tiques sablo
vaseux du Mazafran etc ••• 

En tenant compte de 1' influence du milieu, les dynamiques 
frontale et sagi ttale semblent agir chacune preferentiellement sur les 
differents modes granulometriques aboutissant ainsi a des provinces 
sedimentaires bien individualisees. 

I 
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truDE PRELIMINAIRE DU GOLFE DE BEJAIA - ALGERIE 

Lazreg BENSLAMA 

USTHB/IST, B.P. 9, Dar El Beida, Alger (Algerie) 

SITUATION GEOGRAPHIQUE 

Le golfe de Bejara se siTue a 200 km a l'Est de la baie d'Alger, 

dont il est separe par la c5te escarpee, en grande partie rocheuse de 

la Grande Kabylie. Le golfe s'et.end d'Ouest en Est, de Ras Carbon a 
Rae El-Aouana, sur environ 50 km. Seule la partie occidentale, de Rae 

Crbon jusqu' a proximi te de Kef Ziama a ete consi.de.ree. 

MORPHOLOGIE 

Le plateau continental est tree etroi t en general et presents une 

dissymetrie marquee· entre l'Est et 1 'Ouest. Il atteint 10 km entre 

l'Oued Soummam et le Kef Tichy puis se retrecit jusqu'a 594 km en face 

du Kef Aokas. A l'Ouest de Tichy, la pente est de 1 1 ordre de 0,5% 

entre lee isobathes 10 et 50 m, puis de 1 1 ordre de 2,5 % jusqu'a 

l'isobathe 100 m. A l'Est de Tichy, la pente du plateau est de l'ordre 

de o,s %. 
Le talus continental commence a la profondeur de 100 m. Il est 

tres abrupt et sa pente peut atteindre en certains endroi ts (en face 

de Kef Aokas) 27 % jusqu'a l'isobathe 1000 m avec une valeur moyenne 

de 5 %. Le bord du talus est entaille par des vallees sous-marines 

tres ·largement ouvertes vers le Nord et qui ne sent pas directement 

reJ.iees au reseau hydrographique actuel sauf: le canyon de ·Bejara. 

Ce canyon remonte jusqu'aux fonds de 30 m dans la direction de l'Oued 

Soummam, en decrivant une vallee encaissee de plusieurs dizaines de 

metres et de largeur reduite. 

SEDIMENTOLOGIE 

·Lea prelevements de sediments de surface, executes sur le plateau 

et une partie du talus, revelent une sedimentation largement detritique 

constituee de sables fins, silts et vases silteuses qui deviennent 

franches vera le large. On observe la presence d'un envasement prefe

-renciel, confine au droit de l'Oued Soummam, au niveau de la t3te du 

canyon. La couverture sedimentaire est pauvre en sediments organogenes 

mis a part quelques restes constitues de tests d 1 organisaes endobiotes 

et de quelques coquilles fines et redui tes de Lamellibranches. 

Les teneurs en luti tea augmentent de la c5te vera le large en bandes 

paralleles qui epousent la morphologie. Le passage est tree rapide 

entre ~es isoteneurs 25 et 90 %. L' envasement est precose au niveau du 

canyon et normal sur le reate de la zone etudiee. 

Lea elements sedimentaires presentent des repartitions bien classes, 

facies parabolique. 
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SEDIMENTOLOGY OF PAGASITIKOS GuLF AND 0REON STRAIGHT, THESSALY, GREECE 

C. PERISSORATIS 

Institute of Geology and Mineral Exploration, Athens (Greece) 

Abstract : An extensive marine Geological survey -..as carried out by the Ma -
rine Geology Department of I.G.M.E. at Pagasitikos Gulf and Creon Straight, Thes
saly, Greece. The research included surface sampling, coring and shallo-.. seis -
mic profiling. Preliminary results of this survey are presented here. 

Pagasitikos gulf is a circular semienclosed gulf located at easterh Thes
saly, Central Greece, and connected -..ith Aegean sea through the E-W trending 10 
km wide 3 5 km long Or eon Straight. The surrounding rocks are metamorphic and 
igneous -..bile Neogene and Quaternary :formations cover some sectors to the -..est 
and north (fig. 1 ) • A fe-.. minor rivers flo-.. into the gulf from the -..est. The 
gulf morphology is smooth -..ith steep sides and :flat :floor the latter having a 
slight slope to the east· (average gradient 0.33%) -..here the greatest depth oc
curs, slightly exceeding 100m •. Creon straight has also steep sides, subhorizon
tal floor -..ith minor irregularities having a slight tilt to the north, and maxi
mum depth around 110m. At the north-central part of the straight a -..ide channel 
is :formed. Bet-..een the gulf and the straight the sea depth diminishes ( < 75m.) 
and a sill is formed (Fig. 1). 

Grain size analyses of surface samples sho-..ed that of the gulf is covered 
by silt (Fig. 2). Silty sand, sandy silt, clayey silt and sand occur locally at 
the gulf periphery. The Creon Straight is also covered by silt -..ith sandy silt 
occurring at the northern part, -..hile the sill is covered by coarse sediments 
(sands, silty sands). The carbonate content of the surface sediments is usually 
belo-.. 20% and only locally in coarse sediments -..i th high biogenic content, it 
reaches 50%. 

During the shallo-.. seismic profiling significant penetration -..as achieved 
(many times exceeding 100 msec) due to the fine grained bottom sediments. At the 
Pagasitikos gulf profiles, a great number of subbottom reflectors -..ere observed, 
'Which are subparallel and continuous at the deeper sector and pinched off at 
shallo-..er areas -..here an erosional unconformity -..as noted. The beds are distor -
ted at the deeper levels -..here synsedimentary tectonism is presently active. At 
Creon Straight, on the contrary, the erosional uncon:formi ty is every-..here pre -
sent and it has anomalous morphology incised by channels and valleys. Locally 
the underlying beds are protruding the sea bottom exposing the lo-..er horizons. 
Also a transparent layer of thickness up to 20 msec., -..hich pinches off at the 
sill and the nearshore areas, -..as observed at the top section of all profiles. 

It can be said that Pagasitikos gulf has a different depositional history 
than Oreon Straight, because it -..as isolated by the sill and formed a lake during 
lo-..er sea level stands. 
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CONTRIBUTION TO THE STIJDY OF bluATERNARY DEPOSITS OF GERAS GULF IN lEsvos ISLAND 

(E. AEGEAN, GREECE) (PRELIMINARY NOTE) 

M. DERMITZAKIS 0
, C. IOAKIM 00 and D. PAVLAKELLI 0 

0 SUbfaculty of Earth Sciences, University of Athens (Greece) 
oo Institute of Geology and Mineral Exploration, Mesogion 70 1 Athens (Greece) 

The principal object of this sttidy is the analysis of stratigraphical and paleontological charac
t('ristics of a section of Pleistocene sediments on the island of Lesvos~ at Geras gulf near the thermal 
sp 1·ings. ThC" combined application of mollusks association and the ostracods and pollen assemblages 
allow us to consider the chronostratigraphic interval of deposition of Geras section. More over the 
reet>ivcd paleoecological data make possible the understanding of processes, which dominated the ac
f'umu!ation of the sediments. 

Tbe fieldwork was carried out in the frame of a research study on stratigraphy of Lesvos island by 
tht> Lab. of Hist. Geology and Paleontology of Athens University. 

The Ceras Gulf is the second of the two natural gulfs of Lesvos island, in eastern Aegean Sea. In 
g-eneral view the- island of Lesvos consists of two geologic parts, bot.h different in origin and composi
tion. (Prager, 1966, Pe, 1978). The southwestern and northwestern parts are occupied by volcanic 
rocks mainly Tertiary in age, while in the southeastern part older (Paleozoic?) metamorphic rocks oc
cur which surrounded Ceras gulf is shaH ow (about ten meters average depth), with a normal bottom 
surface which becomes deeper and irregular towards the entrance of the gulf. Tassos & Hopkins 
( 1972} referred that the gulf is undergoing deposition from the surroundings, with the narrow entran
ce being kept open by currents. 

The Late Cenozoic of Lesvos has been subject of several studies of Geology as weB as of paleon
tology dealing with the petrified forest (Velitzelos, Petrescu. Symeonidis, 1982). 

Simeakis & Someritis (1982) examined the northern coasts of Geras Gulf and concluded Pliocene 
age for the mariH, calcitic sandstones and conglomerates surrounding the Geras coasts. While Hout
zcos (1979} based on molluscs and ostracode species attributed to Geras sediments a Pontian age. 

The exposure ofGeras gulf with in this paper, i'S situated in the northern coast of the bay and, ac
cording to our investigations, the sediments were deposited during the Lower-Middle Pleistocene time
span (Fig. l).· This area was exposed to fluviatile supply from the west and northwest and to marine 
influence from a southern direction. 

The Ostracode fauna contains several genera of 
freshwater nature like Aurila, Candona~ Cypria, 
Cyprideis, Darwinula, Ilyocypris, Leptocythere, 
Pcionocypris, Propontocypris, Tyrrhenocythere etc. Also, 
attention should be paid to the common occurrence of 
the fresh-water Thecarnoebian Centropyxis marsupifor
mis and the Charophytes: Chara cf. hispida, Nitella sp.~ 
Tectochara sp.~ Lymnothamnus sp. The 
biostratigraphical and ecological infOrmation supplied by 
the Molluscan assemblages, like Dreissensia, Neritina, 
Unio. Cardium, Nfytilus, Hydrobia, Valvata etc. allow 
the conclusion that these sediments were deposited dur
ing the Lower-Middle Pleistocene. 

Thus we infer the presence of a lake to lagoonal en- I t 

vironment with waters of relatively low and variable 
salinity. The data on the distribution of pollen confirmed 
the above mentioned conclusion on the condition of the 
sedimentation. 

Fig. I. Lithostratigraphic column of Geras section with dis
tribution of ostracod fauna. 

Five samples from the lower part of the section have yielded pollen-spores grains (fig. 2); 43 taxa 
were identified. The pollen grains from the samples G2 and G3 are not well preserved~ most of them 
are carbonized. Pteridophytae spores occur through the section and are numerous at any leveL The 
pollen diagram indicates three pollen spectra. 

---+-- NAP--;- v!tA. 
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F~q. 2. Frequency dislribution and Pollen diagram of Geras section. 

Pinaceac pollen grains are dominant, Pinus as much as 32o/o, with Quercus, Acer and Castanea
type; those of Cedrus, AbiesJ Carya. Julans, Ulmus!Zelkova are less numerous. The non arboreal 
pollen g-rains are abundant by Artemisia, Compositae, Amaranthaceae, Chenopodiaceae, Graminae 
and Caryophyllaceae. Po)ygonaceae, Nymphaeaceae, Cyperaceae. 

The interpretation of this pollen diagram is difficult, due to differences in pollen spectra documen
ted in the different regions at Greece and in the other provinces of Europe. In these samples, pollen 
spectra are characterized by a very low frequency of arboreal pollen grains, except Pinus and Quer
cus and high percentages of herbaceous poHen grains, including more than 20£?iJ steppe elements, such 
as Amaranthaceae, Chenopodiaceae. Artemisia and some other Compositae. Therefore, these assem
blages clearly illustrate a poor presentation of forest cover and the elargement of ccsteppicll 
vegetational associations. 

Mort?over thf.' absence of Taxodiaceae with the other cctertiary» elements is caracteristic. From a 
climatic point of view it indicates a reduction of humidity and probably also of temperature~ the ex
tinrtion of taxodiaceae must be related to the first Pleistocene cold phases (Michaux M. et al. 1979; 
Zag-wijn W.H. 1960, 1974; Sue .J.P. et al. 1983). 

On the basis of these palynological assemblages an Early Pleistocene age can be attributed to 
these lacustrin€' deposits of G1, GZ~ G3, G4, G5 horizons from the basal part of the section Gcras. 
Further, these eJements appear similar to those of Zeli and Yialtra section, (loakim C. et al 1985, 
Sauval<e .J. et al. 1973) and Thassos island {Lyberis N. eta!. 1985), to the «steppic» phases of Adriatic 
sea (Cravatte et al. unpublished) to LeHe lacustrine deposits of Italy Lona N. 1950; Lona N. et al. 
1973) and of southeastern region of France (Cravatte J. et a!. 1981; Su·c J.P. 1985). The study of the 
poJlpn diagrarn of these sections drives us to the conclusion that this part of Geras section was 
dPposit~d during tht> Lower Pleistocene time span. 

Thf> Pleistocene sediments of Ceras section were deposited in a coastal topography comparable to 
1 hat of today. The depositional framework which became partially submerged during the Late 
Pliocf>flf' by faultin14 and fluviatile- erosion. The variation of the depositional and paleontologic.al 
properties of the section was caused by longshore currents from a southern direction. These currents 
and wavE's and the subsidence of the coastal area produced modifications of the depositional pattern. 
Thr pn•se.rwr- of rocky headland. immediately to the north of the Geras hot springs, is rather well es
tablished. 

Tlw harriPr system was attacked by marine currents ori~ntcd to western directions not so often. 
but possible- only st>"asonally. These currents were of a wind origin. During storms, sands deriving 
from lhe outf"r harrier-fact> were- transported westward. 

Tlw Pvolution of thr area of Ceras gulf described above, gives a condensed picture of a part of the 
Plt•istocf'll<' history of the prt?st>nt-day island of Lesvos. The fluvial-lacustrine sediments exposr-d in the 
nortlwrn part of Ceras gulf derived from a mainland, which was situated to the west and nortwcst of 
modC'rfl Lf'svos. Thf> gradual waning of fluviatile supply from the west and northwest is exprt•sse-d in 
an upward iJHTPase in grain-size of the Ceras sediments. Tht> eonsP<luf'nCP" of these <'hang<' on a 
reg-ioual S('aJr. f{Jr thr srdimentation in a shallow realm art" Wrll d<H'IIOH'Il(Ni h~- dw VPrtiral arrallj{{'
flll'lll of ~·w<linwnt typt>s and faunal assemblages in the Ct>ras St'l'tion 
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f-DLOCENE SEDIMENT SEQUENCE AND DISPERSION 

IN THE THERMAIKOS PLATEAU, N.W. AEGEAN SEA 

V. LYKOUSIS, G. CHRONIS, A. SIOULAS, H. BARBETSEA and S. STAVRAKAKIS 

National Centre for Marine Research, Aghios Kosmas, Hellinikon (Greece) 

S'analyse lithoseismique (3.5 KHz) et l'analyse des s~dirnents superfi

cielles donnent la dynamique sedimentaire pendant la p~riode de 1 'holocene 

jusqu'aujourd'hui. Cette repartition se conduite par les parametres, hydro

logiques (regime des riviers Axios, Aliakrron, Penios}, hydrodynamiques (cou

rants, vents, etc.) et tectoniques (marge passif pendant 1 'holocene). L'ap

parition superficielle des salbes WUrmiennes et la deminution d'epaisseur 

de l'holocene allont de 1 'Ouest a 1 'Est sont les pheno~nes principaux qui 

sont observes. 

The Thermaikos plateau, a passive continental margine in the N.W. Aegean 

Sea (Fig. 1), covers an area of about 3.500 km2 . The river Axios with mean 

annual discharge 5.031 X 106 m3 of water and river Aliakrron with mean annual 

discharge 0.292 X 106 m3 of water drains the inner part (<50m), while the ri

ver Pinios with mean annual discharge 2.529 X 106 m3 of water drains the outer 

part (>50m) of the plateau. There is a well defined anti-clock wise of water 

masses circulation in the area. 

Detailed 3.5 KHz seismic-reflection profiling have shown that during the 

Holocene the Thermaikos plateau received fine grained sediments that dischar

ged mainly by the rivers Axios, Aliakrron and Pinios. A well developed obligue

sigmoid progradation pattern have been observed in the seismic profiles cros

sing the deltaic sequences of these rivers. Three seismic facies have been 

identified within the oblique-sigrroid pattern. 1) Dark horrogeneous facies 

that represent sand deposits along the delta front, 2) Stratified facies 

(Refl. A) that represent alternating muddier or sandier horizons, and 

3) transparent facies (Refl. B) in which the muddy sediments predominates. 

The reflector C (base of Holocene) have been found under the obl igue-sigmoid 

pattern, covered by 30ms of sediments near the rivers mouth thining rapidly 

to a few ms of sediments 20-30 km away. This implies high sedimentation ra

tes (-3 rn/1000 yrs) near the rivers mouth during the Holocene that becomes 

rapidly lower ("'1m/1000yrs) a few kilometers and generally low (NO.S-0.2 

m/1000 yrs) in 20-30 km away. 

Bottom samples from the outer Thermaikos plateau have shown that this 

is floored from relict terrigenous sand in depths from 80-110 m. The sand 

grains of these deposits are very well sorted, well rounded and consists 

of Quartz and heavy minerals (Epidote, Hornblend, Zircon, Garnet etc). Since 

these sands are pre-Holocene there has been little or no sedimentation during 

this period. Smectite and Illite are the dominant ("'80%) clay minerals in 

the Thermaikos plateau. The ratio SM/I in the outer plateau is decreasing 

in the eastward direction away from the Pinios river rrouths, while in the 

inner plateau the ration is decreasing in the southwestern direction away 

from Axios and Al iakrron rivers. The same trent is generally observed in the 

ratio Silt/Clay due to differential settling velocities of floes with various 

relative percentages of silt and clay (snectite + illite). 

The rivers Axios, Aliakrron and Pinios are the main contributors to ter

rigenous fine-grained sediments in the Thermaikos plateau during the Holo

cene period developinq the characteristic obligue-sigmoid deltaic sequences. 

Water masses circulation contributed to the trasportation and dispersion of 

the fine-grained sediments to the Thermaikos plateau. The deposition of sand 

is located near-shore from land erosion and long-shore rrovement, and in the 

delta front of the rivers. It seems that the present depositional regime, 

in the Thermaikos plateau, could be prevailed during the Holocene period. 

Fig.l. r1ap of Thermaikos plateau with subottom profiling tracks. 
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CONTRIBUTION TO THE KNOWLEDGE OF THE PLIOCENE TRANSGRESSION 

IN THE SERREs BAsiN CrtlRTHERN GREECE) 

E. GIORGIADES-DIKEOULIA 0 and N. KARISTINEOS 0 0 

o Subfaculty of Earth Sciences, University of Athens, Athens (Greece) 
oo IGME, Department of Energy Raw Materials, Mesogion 70, Athens (Greece) 

The Serres basin is developed in the north part of the Aegean 

sea (NE Mediterranean). Marine deposits are extending in many parts 

of the basin. Because of the geographical site of this basin, the 

age of the marine sediments, depending on the use of the Medi terra

nean or Paratethys stages, has been determined either as Upper Mio

cene or as Pliocene. The age of the marine transgression as well as 

the sedimentological paleonvironmental conditions in the area will 

be discussed. 

PRE-TRANSGRESSION ENVIRONMENT 

The initial opening of the basin occured at the end of the Mid -

Miocene. In a limnofluviatil environment polymictic conglomerates 

and coarse sands were deposited. They were followed by a thick se

quence of firer sediments. Red beds and breccias close this sedi~en

taxy group.One of these breccias a monomictic granitic one is of spe

cial interest. Anywhere it appears is in contact with the overlying 

marine deposits. Its thickness varies and the slicken sides of the 

silicified surfaces of many boulders show a tectonic origin. Sedi

mentologically this breccia is a typical debris flow deposit.No ma

cro- or microfossils have been recovered. The existing traces could 

suggest that the deposition of this debris flow affected greatly-if 

not destroyed- the preexisting mammal fauna. It is difficult to say 

whether the granitic breccia is the first bed of the marine trans

gression or the last one of the pre-transgression environment. 

MARINE TRANSGRESSION 

Dark grey coloured coarse sands turning fast to grey green muds 

are deposited over the granitic breccia. The Corals (Siderash'ea 

crenulata (GOLDF.), Tarbelastrea sp.and others) ,found in some out

crops intercalated with the muds show a sea depth of about 20-SOm,a 

water temperature of 25-3QOC and normal salinity conditions. 

Some meters higher calcareous sandstones with marine fossils not 

well preserved, are cemented. The abundant presence of Pecten bene

nedictus and the whole composition of the Molluscs fauna assemblage 

found in the calcareous sandstones (Anadara pectinata (BR.) ,Anadara 

sp.,Anodontia(Lorip~~us} fragilis (PH.),Anomia ephippium (L.), Car

dium sp.,Cerithium sp.,Corbula sp.,Dosinia exoleta (L.), Hinnites 

sp.,Loripes dentatus (DEFR.),Lucina sp.,Lutraria Zutraria (L.),Modi

G-II9 
UPPER CENOZOIC CONNECTIONS OF THE AEGEAN TO THE EAsTERN MEDITERRANEAN 

MARINE GEOLOGICAL EVIDENCE AS CCX'1PARED TO THE FOSSIL MAMVJALS OF THE REGION 

G.C. ANASTASAKIS 0 and M,D. DERMITZAKIS 00 

o National Center for Marine Research, Agios Kosmas, Hellinikon (Greece) 
National University of Athens, subfaculty of Earth Sciences, Division 
of Historical Geology and Paleontology, Panepistimiopolis (Greece) 

Today the Aegean Sea is connected to the Eastern Mediterranean via several 
passages (Fig. 1 ): between Minor Asia and Rhodes (width l7km), between Rhodes 
and Karpathos (width 43km), the Kaso strait (67km to the E. Crete) and the W. 
Crete - Andikithira - Kithira - SE Peloponnisos straits (32km, 33km, Ilkm respec
tively). Marine geological work, aidded by land geology of the adjacent islands, 
revealed a complicated paleogeographic history in the :vicinity of the straits during 
the Upper Cenozoic. 

The earliest major connection to the Eastern Mediterranean is located in the 
vicinity of E. Crete - Kasos strait. This was formed in the Middle-Late Tortonian 
and connected the E-W oriented basinal areas of the north to the south. A similar, 
although much smaller in scale subsidence, with a terrestrial-marine transition 
ocurred in the Kithira - Antikithira islands which, however, has not been observed 
on marine sesmic reflection records from that region. During the Messinian the E. 
Crete - Kasos region experienced a renewed period of subsidence (which possibly 
suceeded an initial period of uplift) and as a result the Aegean Sea acquired, 
through Crete - Kasos - Karpathos several connections to the south. In the Kithira -
Andikithira straits region this tectonic phase resulted in titling, uplift and erosion 
with concomitant deposition of clastics in the SE Aegean and west Andikithiran 
margin. Sometime in the Middle Pliocene the Karpathos - Rhodes passage started 
subsiding and the Aegean acquired a further connection to the east. During the 
Quaternary this Karpathos - Rhodes corridor became wider .. However the most 
significant event was the subsidence of the Kithiran - Andikithiran straits around 
the Middle Quaternary. 

On the basis of fossil mammals (Fig. 2) it has been suggested that the sea in
vaded the Aegean area through a seaway between Karpathos and Crete, from Kar-

GENERAL PHYSIOGRAPHY OF THE SOUTH AEGEAN REGION AND OUTLINE OF THE 
CFNOZOIC STRAIT CONNECTIONS. 

ola sp.,NucuZa nucleus (L.),Nucula sulcata (BRN.LPecten benedictus Q' 
(LK.),Pinna cf.tetragona(BR.),Pirenella disjnucta (SOW.),Pirenella 

sp.,Telina planata (L.),Telina sp,,Venus sp. correlated with other 

Molluscs localities in the hellenic area, suggest a pliocene age for 

the sediments of the marine transgression. The whole thickness of 

the pure marine deposits in the peripheral outcrops, seldom exceeds 

the 20m. They are much thicker in the central part of the basin.This 

happens because the marine environment did not remain long in the 

peripheral places. Large scale cross beds indicate a fresh water in

fluence,resulting in a deltaic environment and a gradual marine re

gression.Over these deltaic depositions these is a thick cemented 

bed consisting almost entirely from banks with Ostrea lamellosa.Such 

Ostrea beds normally are formed in low salinity environments (10-30 
0 /ool ,due to fresh water inflow. 

From here on, there are continuous alternations of brackish envi

ronments,to lagoonal and limnish and again to brackish,as indicated 

by the determined fauna (Dreissensia simplex auricularis (F.),Dreis

sensia serbica (BRS.),Dreissensia sp.,Limnocardium sp.,Mactra eich

UJaldi (LAS.),Mactra sp.,Melanopsis impressa bonelli (MAN.),Melanop

sis impresse (KR. J • This fauna assemblage indicates also a Pliocene 

age. 

Finally,the marine influence disappears,the sediments are beco

ming gradually coarser and a final conglomerate ends this transgres

sion-regression cycle. 

CONCLUSIONS 

The better knoweledge of the Mediterranean-Paratethys stages cor

relntion (RCgl et a1.1933) c>.s Hell as the found ~lollusc fauna asserJblases leave 

no doubt that the described transgression is of a Pliocene age. 

The similar marine transgression found in the neighbouring ba

sins of Drama and Prinos seem to be parts of tne world wide Pliocene 

transgression (Vail et al.1977). 

The transgression in the Serres basin must be characterised as a 

sudden event.The sea occupied the basin in a very short time. The 

transgression was "announced" by tectonic events and important 

climatic change as indicated by the amount of water required for the 

deposition of the granitic breccia. 

The regression phase that followed was of much longer dueation. 
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MAP OF SOUTH AEGEAN ISLANDS WITH THE MAIN PLEISTOCENE FOSSIL MAMMALS. 

pathos a mainland fauna of the Early Pliocene is known, indicating that the island 
was still connected to the mainland during that period. In Rhodes the sediments in 
which the fossil mammals are found are covered by marine sediments indicating a 
submergence of the island after the Late Pliocene - Erly Pleistocene. On Crete the 
Miocene mammalian fauna is poorly known and no Pliocene mammals are known 
indicating a complicated submergence of the area which started in the Middle 
Miocene continuing into the Pliocene. The endemic Pleistocene unbalanced island 
faunas from Crete, Kasos, Karpathos and Rhodes (Fig. 2) without Miocene-Pliocene 
relicts of mammals suggest that the mammals dissappeared after a period of sub
mergence. Kythera was an island in the Middle Pleistocene probably not so far from 
the coast and the mammals came by pendel route to the island. 
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OFFSI-()RE GEOLOGIC HAZARDS IN THE HELLENIC ARC 

G. FERENTINOS and G. PAPATHEOOOROU 

Department of Geology, University, Patras (Greece) 

The Hellenic arc is located within one of world's most seismically 

active areas and has experienced extreme tectonism through Tertiary and 

Quaternary times. This tectonic activity controls the rates of uplift 

and subsidence and determines the sediment supply and depot centres. 

This paper discusses the various geologic hazards detected in sele

cted parts of the Hellenic arc and examines the causative factors. The 

areas surveyed were: the North Aegean Trough, the Gulf of Corinth and 

Pa tras; the Gulf of Amvraki a; the Zante/Cephal onia and 'the Kythera -An

tikythera ridge in the outer island arc. 

The potential geologic hazards observed are: (a) sediment instabili

ty and (b) Gas seeps and gas charged sediments. 

The major types of slope ins tabi 1 i ties that have been documented in

elude: (a) surficial sediment creep in slopes tanging from 1 to 2° resul

ting in folding and faulting of the surficial sediments; (b) deep seated 

creep resulting in active faulting "'ith up-hill facing scarps in slopes 

ranging from 3 ·to 4°. The height of the up-hill fac'ing scarps ranges 

from 5 to 30m, (c) translational and rotational slides in slopes rang

ing from 2 to8°; (d) depris-fJow and (e) 'turbidity currents of various 

sizes. Some small in size turbidity currents have been detected flow

ing in slopes between 0.5 and 8° up to a distance of 17 Km. 

Factors that contribute to slope instability in the Hellenic Arc 

are: (a) sloping bottom; (b) thick accummulations of Plio-Quaternary se

diments; (c) present day high rates of sedimentation; (d) closely spa

ced active faul'ts; (e) active faulting and folding and (f) active dia

pirism. The contribution of large waves to slope failure in t_hese a

reas appears 'to be of minor importance, as well the above mentioned 

slope failures occur in depths of more 'than 150m. 

Gas seeps, gas charged sediments and pock-marks have been observed 

on areas associated with del'taic environments. This gas is presumab.ly 

formed by 'the decomposition of biogenic material. 
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GEOCHEMISTRY OF SAPROPELIC SEDIMENTS FRO'\ tASTERN MEDITERRANEAN BASINS 
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Sapropels and sapropel ic sediments have been the subject of considerable investi

gation recently and it appears that they have been formed under stagnant conditions 

caused by water mass stratification;however there has been some controversy over the 

source of their organic constituents ( Kidd et al,1978;Calvert,1983;Sutherland et al , 

l984;Shaw and Evans,l984 ) which is still an open question.Aithough the sedimentology, 

micropaleontology,mineralogy,strabgraphy and geographic distnbution of sapropelic 

sediments have been extensively discussed, limited data cueavailable on their chemical 

characteristics which may help to elucidate the above problem.In this work the chemi

cal characteristics of sapropels,sapropelic and associated sediments,from the Cyprus, 

Antalya and Rhodes basins are described in an attempt to deduce their origin. 

RESULTS AND DISCUSSION 

Sapropelic sediments,sapropels,volcanic ash and marl ooze are the main lithological 

units recognized in the gravity cores ana lyse~ from the Cyprus ,Antalya and Rhodes ba

sins,eastern Mediterranean. Based on R mode cluster analysis it is demonstrated that 

of the trace elements examined Mo,V,Cd and Ba are associated with the organic fraction, 

Rb,li ,Be ·and L<i with aluminosilicates and Sr with biogenic carbonates, their variations 

reflecting the variations of these phases. Since it is well demonstrated that anoxic 

conditions favor the precipitation of Mo ,the lower concentrations of Mo in all surfa

ce sediments compared with those in the buried sediments suggest that environmental 

conditions in the three basins studied became more oxidizing towards the present. 

All sapropelic sediments and sapropels are markedly enriched in Mo,Cd and V 

relative to the rest of the sediments.By contrast ,Ba shows enrichment only in the 

sapropel studied from the Heratosthenes seamount and the sapropel ic sediments in the 

Rhodes basin, indicating the contribution of marine organisms to the organic consti

tuents of the sediments here. The anomalously high Mo 1 Corg and Cd 1 Corg ratios 

found in some Rhodes basin buried sediments suggest an additional contribution of Mo 

and Cd by weathering of ophiolitic rocks occuring on the adjacent land.All sapropelic 

sediments and sapropel are enriched in Sr and depleted in Rb,l i ,Be and La showing their 

enrichment in biogenic carbonates and their depletion in aluminosilicates. 

A sapropel analysed from the Cyprus basin is from the Pleistocene Pseudoemil iania 

lacunosa zone and consists of calcite, nontronite, pyrite, gypsum and 4.2% organic 

carbon. The presence of abundant iron oxyhydroxides in the sapropel suggests that gyp

sum was formed from the oxidation of pyrite, while the significant enrichment of Ba, 

the franboidal texture of pyrite and the C inorganiciC organic ratio (<v1) support 
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1: Core 0110103/8}.. on the Hellenic Outer Hi dee {Sutherland et al. • 1984). 
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4 ,S,o, 7,8: USDf' sites 125, lZl>, 127, 128 .arnd 130 (Calvert, 1983). 

9: Average :shale (Turek ian and Wedepohl, l9b0). 
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a marine origin for its organic constituents. Because the chemical, mineralogical, 

textural and micropalaentological features of this sapropel are similar to those 

described for sapropels from the same stratigraphic horizon at a number of sites east 

and west of Crete (Table 1) it is highly probable that this is a part of the same ho

rizon which is extended in the Cyprus basin. 
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A NEW UPPERMOST LIMIT OF SAPROPELIC SEQUENCE DEPOSITION IN THE AEBEAN SEA 

G. C . ANASTASAKIS 

National Centre of Marine Research, Aghios Kosmas, Hellinikon (Greece) 

Precir,_s ;.sr:Z An~~t8S:3kis and S~'Ftley (1986) has estaolis\"".i th·c i~,>ckp.h 

line:; b~:Jc,.: wh.~c-h the uppe~;nc;:;t, ba.sin-Wid.e Eastern Mediterr-er.sar-- s'3.;,

r~pE:1. (··lie) seque;1ce Si wes d-?posited across the entire basi.c.In th.::· 

dep~:'s~L-icr, in th.is mcrgLPa1 sea. 

Cor-::-.:; rc-..vvere.~ fro:r! the North Aeg£:.:j_:t Thenn3ikos gulf shelf--break regLon. 

(cure:, Tl?.c·d T2 in Fig. 1) ar1d the Saron.ikos shelf (core S~R-l in Fig.l) 

revc:a:c:d the exis~er.ce of sapropelic sequences at much sha.llo\-.·sr d'=f!~.hs 

tioa'i pre·cio:"sly kr1own. B0th the Thermaikos gulf cores display a sl.r,i.lar 

sap rope 1 ic sequence de> elopment: a grelsh mud passing into a ye l1 ow grey 

orgaflic oc,7e becor,•ing darker upward and seperated from the ove,rlying 

olive-gr-ey saprope lie sediment by a more or less pronounced sharp cor,tac t. 

The latter member ,in turn,is t()pped by a light gr-eenish- grey ooze ard 

a pale yellowish orange oxidi.sed layer.Cores T1 and T2 were recovered 

from ~<3t~r depths 182m and 236m respectively.This lithofacies -associa

tions belong to one of the types of sapropelic se<:[uences described by 

Anastao,akis and Stanley (1984) .Core SAR-1 which was recovered at w3ter 

depth of 187m from the Saronikos gulf revealed a similar seaquence de-

The newly established uppermost depth of Sl deposition, of arour.d 180m, 

further suggests that during Sl deposition, bearing in mind the low sea 

level, the oxygenated waters water lowest limit would have been around 

lOOm in the Aegean Sea.The other interesting point is that both the 

sapropelic sequences from the gulfs of Thermaikos and Saronikos dis

play the same sequence development and similar organic carbon contents 

3e 
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UJ 
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1· 

Fig. I ; Location map and core logs of the , up to date, shallowest 

recovered cores containing the uppermost basin-wide sapropeiic seq-

ence Sl. The numt>ers along the margin of the legend indicate the basic 

lithofacies-members of the sequences: l=gr-ey hemipelagic mud, 2= or

ganic bo<:e ,- 3=saprope1 ic mud, 4= oxidised layer. 

despite the fact that they are located in areas with different oceaaog

raphic regimes: The Thermaikos gulf has received ,during the deglaciation 

an increased fresh water supply from both ,the important river outflow 

from the north and the infered Black Sea outflow .However the Thermaikos 

gulf Saf•ro;>elic sequence is quJ.te siwilar to its Saror1ikos gulf ec;c;i

valent which was further away from any important fresh water outflow. 
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ON THE ORIGIN AND GEOLOGICAL TYPE OF THE TUZLA SALT DEPOSIT IN YUGOSLAVIA. 

A TRACE ELEMENT STUDY OF NORTHUPITE AND HALITE 

G. KNIEWALD(l}, V. BERMANEC( 2) and D. TIBLJAS( 2) 

(1) Center for Marine Research Zagreb, "Rudjer Boskovic" Institute, Zagreb, 
Croatia (Yugoslavia) 

(2) Department of Mineralogy and Petrology, Faculty of Science, University 
of Zagreb, Zagreb (Yugoslavia) 

Marine saline deposits have been receiving considerable attention, their 
mineral assemblages in particular, ever since the classic studies of Van- t 
Hoff ( 1). Deposits of non-marine origin are generally less important from a 

1 

commercial point of view and have thus been subject to fewer systematic 

studies. 

The Tuzla salt deposit in the central part of Yugoslavia is the lar

gest rock salt deposit in the Balkan peninsula. It is of middle Miocene 
age and is a good example of the salt-dome type of deposit. In recent years 
a number of detailed geological, palaeontological, mineralogical and other 
investigations have been undertaken. However, there is as yet no unequivocal 
evidence as to the geological origin of the deposit. The three possibilities 

include: a) a marine type of deposit 
b) a salt-lake type of deposit 
c) a mixed, shallow-lagoon type of deposit which would presume 

temporary contact of the lagoon with the open sea 
. The two latter types are usually defined as non-marine deposits. 

In addition to the principal minerals halite, anhydrite, tl)enardi te and 

carnal i te, the assemblage comprises also several rare minerals such as nor
thupi te, nahcolite, proberti te and bradleyi te. Of these, northupi te is 
especially interesting with regard to its origin and formation. 

Northupite, Na
2
co

3
.MgC0

3
.NaCl or Na

3
Mg(C0

3
)
2

Cl is a ra~e mineral, 
found in several places only, and Tuzla l.S one of the classJ.c occurences of 
northupite. Earlier investigators believed northupite to be a diagenetic 
feature and hence proposed chemical schemes for its formation. More recent 
studies have, however, indicated that northupi te probably forms by direct 
precipitation given favourable conditions, and can subsequently be incor
porated into lacustrine or marine sediments ( 2). 

In the Tuzla deposit northupi te occurs as megascopic octahedral crystals 
in a greenish-grey marl matrix. The purpose of our study was to establish 
whether data on the trace metal contents of northupi te and halite could 
provide some indication of their possible formation in a marine environment. 

Preliminary determinations of Cd, Pb, Cu and Zn levels and ratios in 

halite from various salt-beds of the deposit as well as in associated brines 
displayed a surprising correspondence to the concentrations of these heavy 
metals in seawater ( 3). This was regarded as a possible argument for the 
marine origin of the deposit. 

The trace element analysis of northupi te and halite was performed by 
inductively coupled argon-plasma atomic emission spectrometry ( ICPAES), 
this being a very sensitive analytical technique applicable for a wide 
range of elements. The results obtained are shown in Table 1. 

Table 1. Trace metal concentrations in northupi te and halite obtained 
by ICPAES (in ppm), and values for seawater ( 5) 

Northupite Halite Seawater ( 5) 

Ca 720 40 400 
Fe 1300 7 0.002 
Mn 45 0.5 0.0002 
Sr 20 12 80 
Ba 10 0.3 0.002 
Zn 15 0.005 
Cu 15 0.0005 

The results for northupi te show no direct correlation with heavy metal 
concentrations in seawater, the values for halite being

3
somewhat more re

presentative of a K factor of approximately 0.5-1 x 10 , indicating a pos
sible marine or sha~low-lagoon origin of the Tuzla. deposit. Northupi te, a 
complex mineral containing both the carbonate and chloride in its structure 
is probably an important adsorption agent for heavy metals in natural 
waters ( 4). Another probable cause for the change in trace element distribu
tion in the Tuzla northupi te are diagenetic transformation, this being in 

accordance with observed textural relations best explained by recrystaliza
tion after burial. 
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GlACIAL INFLUENCE ON NEOGENE EVAPORITES 

Peter SONNENFELD 

University of Windsor,· Windsor, Ontario (Canada) 

Sulfatization of Sicilian potash beds is taken to be due to inflow 
of rreteoric waters charged with dissolved calciun sulfate erOded fran 
exposed marginal shelf areas by rain during a glacial lowering of sea level. 

Introduction 
Evaporite research has deep roots in the Medite=anean region. J. UsigliQ published his chart of 

sequential precipitation fran Mediterranean seawater in 1849. It contained a sequence different fran that 
observed in salt mines, as epscm salts were precipitated nearly concurrently with halite because the 
seawater evaporation experirrent t?Ok place in a well oxygenated laboratory. Most evaporite basins produce 
early anoxic conditions during progressive brine concentration; a bloan of anaerobic sulfur bacteria 
strips sulfate ions of their oxygen. A sulfate deficiency develops despite the influx of three ti.rres as 
many sulfate ions as consured by precipitating gypslin (Borchert, 1969); only calciun sulfate and no other 
sulfate is deposited. 

Sicilian potash deposits are sulfatized just as all Neogene and Pennian deposits. This potash 
sulfatization is secondary. Sulfatizing waters did not enter potash horizons at any other tirre during the 
Phanerozoic (Sonnenfeld, 1985a). Special circunstances must have prevailed in chese two tine intervals to 
all= potash sulfatization to proceed. 

An earlier idea that the dewatering of basal gypsun supplied the required sulfate ions (Borchert and 
Muir, 1964) is no longer tenable, as basal anhydrite thicknesses are rrore than one order of lll3gnitude too 
small to account for the sulfate required (Sonnenfeld, 1984). Warm halite-saturated brines are 
hygroscopic enough to dewater porous gypsun beds. Resulting anhydrite beds are then not defonred due to 
voh.m:~ reduction, as would happen in a conversion after carpaction of the overlying halite. 

&!cause magnesiun chloride is less soluble in a sulfatic brine than· in a chloridic one, the mineral 
bischofite (the hydrated magnesiun chloride) has primarily, been found in sulfatized potash deposits, 
while replacffient of magnesiun or potassiun by iron is rare in sulfatized horizons on accotmt of an 
increased solubility of iron sulfates~ 

SoUrce of sulfatic brines 
Oxygenated, sulfatic brines can only fonn at or near the earth surface; connate fonration waters are 

invariably anoxic. Sulfatization thus requires t1.vo conditions: an influx of rreteoric waters fran a 
surface source and a rrode of entering into a salt sequence normally inpervious to aqueous solutions~ 

A source of surface brines is not difficult to find: Sonnenfeld (1984) proposed a m:xlel of evaporite 
basins with continuous water exchange through the entrance strait and broad saturation shelves 
precipitating gypsun and covering triple the area of the region of rapid synsedinentary subsidence, and 
rrassive halite precipitatiOn follCMing upon an initial rrodest gypsun deposition. This rrodel Wd.S first 
developed on water exchange and depositional history of the roodern Mediterranean Sea and presented irl 
sirrplified fonn at the Monaco reunion (Sonnenfeld, 1975). While basal gypsun is insufficient to supply 
adequate sulfate ions, the gypsun wall of marginal saturation shelves would be. rrore than adequate, if 
they becarre exposed to rreteoric erosion. The solute could then seep into porous beds. Indeed, in Sicily 
the isotopic signature of both Messinian calciun carbonates and sulfates has been altered by a 
post-depositional influx of rreteoric waters (Longinelli and Ricchiuto, 1977; Longinelli et al., 1978; 
Longinelli, 1979; Censi et al., 1980; Kushnir, 1982). These seepages were thus either Pliocene or 
Pleistocene in age. 

It is here suggested that such exposure occurred primarii y during sea level lowering in glacial 
stages when vast quantities of water were trapped in continental glaciation. During both the Quaternary 
and the Permian, major ice caps fonred in polar regions, lowering the world sea level. The shore rroved 
seaward and exposed subaerially the continental shelves where gypsun had been precipitated. Winter rains 
then dissolved sare of the calciun sulfate and the runoff drained the solute: it could easily enter as 
yet uncoopacted evaporites. Gypsun and linestone beds are frequently bent basinward along the shelf 
margin, dipping at a progressively steeper angle into the area of l!X)re rapid synsedinentary subsidence, 
the area of chloride precipitation. There is thus a regional gradient towards shelf slopes. 

Flash floods drop their bedload of sand grains onto the gypsun shelf and carry clay particles far 
into the basin. The settling out clay particles form clay laminae, which rerrain perrreable for a long tine 
after salt precipitation has recanrenced (Sonnenfeld and Hudec, 1985). Although rock salt is virtually 
i.rrpenreable to aqueous solutions, clay layers rerrain open to circulating brines until they are buiied 
deeply· and coopaction e><pels the entrapped waters laterally. 

Sulfatizing solutions did not have to travel far to reach potash beds, as potash precipitation 
occu=ed preferentially on the slopes of the rapidly subsiding part of the basin and frequently thickened 
shoreward (Sonnenfeld, 1984). The potash mine at Caltanissetta in Sicily is likewise located in a 
marginal bay not too far fran the ancient bay shelf. 

Tenor of the potash ores 
There are only two cann::m prim3ry potash minerals, sylvite and carnallite. In contrast, there is a 

great variety of K-Mg-sulfate minerals, rnost of which are hydrated. Partially sulfatized kainite can 
decoopose to a secondary sylvite. Ccnplete sulfatization leads to K-Mg-sulfate minerals; their hydration 
decreasing with rising tarperature and thus increasing burial before conversionw All of these minerals 
yield a higher percentage of potassiun oxide than even pure carnallite (Sonnenfeld, 1985b); sulfatization 
thus enhances the tenor of potash oresw Excess rragnesiun is precipitated either as sulfate or as 
chloride. 

Polyhalite, the K-Mg-alteration of gypsun, is found along salt basin margins or as alteration of 
gypsun stringers in the halite sequence. Na-, Na--K-, or Na-Mg-sulfate minerals form wherever there was a 
substantial influx of rreteoric waters, occur in lenses and nests rather than in beds, and are of no 
coorrercial value. 

Conclusion 
~al sea level lowering is responsible for the exposure and dissolution of gypsun deposits on the 
marginal shelves. The runoff travels downdip into the basin and can penetrate along a clay layer into the 
salt sequence and react with potassiUll chlorides. Sicilian potash beds are sulfatized. This sulfatization 
is considered to be due to infl<V of rn=teoric waters charged with dissolved calciun sulfate eroded fran 
exposed marginal shelf areas. 
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DEEP STRUCTURE AND DYNJlMICS ALONG THE SOU1HERN SEGMENT 

OF THE EuROPEAN GEOTRAVERSE 

Stephan MUELLER 0 and Carlo MORELLI 00 

0 Institut fur Geophysik, ETH-Honggerberg, Ziirich (Switzerland) 
Istituto di Miniere e Geofisica Applicata, Facolta d'Ingegneria 
dell 'Universita, Trieste (Italia) 

The "European Geotraverse" is an international multidisciplinary project 
involving the collaborative efforts of many earth scientists from several European 
countries. It is focussed on a north-south oriented lithospheric profile, about 
4000 km long and of varying width, extending from northernmost Scandinavia to 
North Africa. This profile consists of three interlinking segments (Northern, Cen
tral and Southern} comprising a continuous succession of tectonic provinces rang
ing from the oldest Precambrian areas of the Baltic shield to the currently active 
area of the Western Mediterranean .. The broad aim of the "European Geotraversen is 
to obtain a three-dimensional picture of the structur!', state and composition of 
the lithosphere as a basis for an understanding of its evolution and dynamics. 

Since 1982 the Southern Segment of the "European Geotraverse" has been the 
target of intensive geological and geophysical studies. This Segment encompasses 
the Central, Southern and Western Alps, the Po Basin, the Northern Apeninnes, the 
Ligurian and Tyrrhenian Seas, Corsica and Sardinia, the Sardinian and Sicilian 
Channels, and the complex geological structures of Tunisia. Exceptionally good 
data from a series of seismic experiments carried out in 1982, 1983 and 1985 have 
led to a detailed picture of lithospheric structure along the Southern Segment. 

The crust attains its maximum thickness of 55 to 60 km beneath the southern
most part of the Central Alps. Two "crust-mantle"-like interfaces (at 35 and 50 km 
depth) seem to exist beneath the Po Basin, while from the Northern Apeninnes to 
the Ligurian coast the crustal thickness decreases from about 40 km to 20-25 km. A 
detailed three-dimensional analysis of newly collected gravimetric data along a 
profile from the northern foreland of the Alps southward to the Gulf of Genoa 
corroborate the hypothesis, based previously on seismological and geological data, 
that a 200 km wide zone of relatively dense and cold subducted lithosphere, cen
tered beneath the Southern Alps and the northern part of the Po Basin, extends to 
depths of 150 to 200 km. 

In the area between Genoa and Corsica the Ligurian Sea is underlain by a 
greatly thinned, distinctively layered section of continental crust and an upper 
mantle with an ;momalously low Pn-velocity of only 7.5 km/s. The data for both 
crustal and upper mantle structure are suggestive of incipient rifting. In addi
tion it became clear that the island chain of Corsica and Sardinia is underlain 
by bowl-shaped "typically" Hercynian continental crusts with a total lithospheric 
thickness of 60 to 70 km. 

Paleomagnetic data obtained for the Southern Alps, !stria, Umbria, Gargano 
and Sicily indicate that the Adriatic microplate, although having African affin
ities, has rotated between 15° and 30° counterclockwise relative to the African 
plate since the Jurassic and has, therefore, been decoupled since this time. 
Moreover, paleomagnetic data from Corsica and Sardinia - although disputed -
showed that these islands have also rotated in a counterclockwise direction rela
tive to the European plate during Alpine times. It has been suggested that the 
opening of the Ligurian Sea and this relative movement of Corsica and Sardinia 
had terminated by the Late Miocene owing to the collision of the Corso-Sardinian 
block with the northern continental margin of Tunisia and that since then a "con
tinental bridge" has stretched from Tunisia, across Sardinia and Corsica to 
Liguria and the Western Alps. This "bridge" is able to transmit stress as a result 
of the northward directed push of the African plate against the European plate. 
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ANCMALIES DE PROPAGATION DANS LES ALPES MffiiDIONALES ET LE GOLFE DE GtNES 

Nicole BETHOUX 0 et Jean-Pierre REHAULT 00 

o Centre Scientifique de Monaco, Musee Oc6anographique, Monaco (Principaut€:) 
oo Laboratoire de G€ologie Dynamique, B.P. 48, Villefranche-sur-Mer (France) 

L 'attenuation des andes sismiques sur leur trajet dans le Sud-Est de !a France et le 
Nord de l'Italie a ete evaluee afin de preciser les heterogeneites de propagation dans Ia region 
ou se cotoient Alpes et Apennins et ou s'ouvre le Golfe de Genes. 

Pour une amplitude de l'onde · sismique A (d, f,) enregis~ree a Ia distance d de 

l'epicentre, f etant Ia frequence de l'onde etudiee, on a Ia relation: A(d,f)=A(o,f)xd- F (f) 
A (o, f) est !'amplitude de l'onde au foyer et y est le coefficient d'attenuation de l'onde 

etudiee, pour Ia freGJuence f. -
}-es epicentres de~ seismes ou des tirs, ainsi que les stations seismologiques utilises pour 

cette etude sent reportes sur Ia figure. La densite des evenements sismiques permet Je calcul 
de y azimut par azimut. 

Ainsi, une forte attenuation des andes Pg et Sg est mise en evidence sur leur traversee 
de la zone d'lvree, du_ Savo~ese, du Nord du Golfe de Genes,- de me me que, dans une moindre 
mesure, pour Ia part1e oceamque de Ia Mer Ligure. La limite des differentes zones est 
egalement precisee: trois clas~es de coefficent d'attenuation ( y, < p , < p , t sent distinguees 
dans ce travail et cartograph1ees. 

. Sach<:nt que les fortes attenuations des andes etudie,es sent principa!ement dues aux 
dlscont:nUJtes crustales sur leur . traJet, nous ten tons de deduire de nos resultats quelques 
mterpretat10ns structurales. Ams1, la valeur moyenne du coefficient d'attenuation en Mer 
Ligure (y,)_ s'explique par. Ia trav~rsee de !a zone de transition que constitue Ia marge entre les 
d?mames a create oceamque et a create continentale,. D'autre part, dans l'azimut Sud-Est, nos 
resultats corroborent les conclusions d'Eva et a!. (1971!) et de Rower et a!. ( 1977) qui postulent 
le prolongement de la zone d'lvree vers le Sud-Est. lls sent egalement en ·accord avec les 
travaux de Cattaneo et a!. (1985) qui ont analyse les temps de propagation de l'onde Pn et en 
ont deduit un modele crustal decrivant les heterogeneites dans le Nord de l'ltalie. 

Notre etude de !'attenuation des andes Pg et Sg montre des valewrs semblables du 
coefficient y pour la zone d'Ivree, le Savonese et le Golfe de Genes. Cette donnee est 
compatible avec !'hypothese d'une extension vers le Sud Est de !'equivalent de la zone d'Ivree. 
En eff~t! cette .region comple~~ :st une zone d'heterogeneite crustale majeure, impliquee dans 
Ia coJIJslon alpme et caractensee par des superpositions de creates, des ecaillages et des 
chevauchements, y compris !"'obduction" d'une partie de l'ancienne lithosphere oceanique tethy
slenne. 

De plus, dans le Golfe de Genes, Ia limite Sud est tres nette. Elle a ete precisee par 
!'etude ?e l'amplitud,e d~s. seismog~ammes obtenus pour Jes tirs sous-marins effectues le long 
du profll A-B de I expenence Geotraverse (Septembre 1983). Ces resultats comme ceux 
deduits de !'etude des relocalisations par methodes inverses (Bethoux et a!., 1985) nous condui
sent a confirmer !'existence d'une autre discontinuite crustale majeure au Sud' du Golfe de 
Genes (latitude lf4,7N). Elle est interpretee comme une marge de coulissement resultant de 
·l'ouverture du Bassin Ligure a !'Oligocene terminal et au Miocene inferieur. Elle met en 
contact une, jeune croat.e oc~anique au Sud et une create continentale epaisse et tectonisee au 
Nord. La tres for,te at:enuatJ,o'! des. o!:d:s Pg et Sg qui traversent le ~olfe de Genes s'explique 
done b1en par I extreme heterogeneJte crustale de ce domaine ou les anciennes creates 
<;h~va~ch,ees et ecaillees impliq~ees dans les tectonogeneses alpines puis apennines ont de plus 
ete fa11lees par Ia tectomque d1stensive de Ia periode de rifting de Ia Mediterranee occiden
tale. Cette derniere cause ?'heterogeneite crustale n'est pas negligeable dans cette etude car 
le traJet dans Ia create supeneure est dominant pour le type d'onde etudie (Lg). 
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Sous-presse. 

Legende : Selection des evenements utilises pour Je calcul des coefficients d'attenuation. 

Exemple de separation en differents secteurs selon ces coefficients. 1'1 : faible attenuation; y 2 

: attenuation moyenne; 1'3 : forte attenuation (Bethoux et a!., 1986). Les zones d'anomalies 

sont superposables les determinations effectuees depuis les autres stations. 
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G-III3 
LE BASSIN LIGURO-PROVENCAL 

PRECISIONS SUR LA STRUCTURE DU BASSIN PROFOND, ESSAI DE SYNTHESE 

MJRPt-KJ-GEOLOGIQUE, CONSEQUENCES SUR LES MJDAL!TES DE LA DERIVE DU BLOC CORSO-SARDE 

A. COUTELLE 0
, J.L. OLIVET 00

, c. LE CANN° et G. PAUTOT 00 

GIS "Oc€:anologie et G€:odynamique" : 
o U.B.O., D€:partement des Sciences de la Terre, Brest (France) 

oo IFREMER, Centre de Brest, B .. P. 337, Brest (France) 

L' analyse de la disposition en plan des domes de sel du bassin liguro-proven~al a 
montre que ceux-ci n • etaient pas disposes au hasard, mais qu' ils s 'alignaient selon 
des directions pri vilegiees, correspondant, tres probablement a un jeu de fractures 
profondes. Les directions structurales s •organisent en deux familles a N40-N140 et 
a NO-N90. 

La premiere famille est regionalement banale : elle reflete le jeu du reseau rhegma
tique. La seconde famille se retrouve egalement a terre, le long du littoral varois, 
mais aussi dans l' alignement des vallees du Rhone et de la Saone, du Var inferieur 
et du volcanisme de l' Escandorgue. En mer, la repartition de ces directions n' est 
pas quelconque. En effet, certaines zones, proches du continent, ou du bassin pro
fond, mais dont le substratum est reconnu continental par la sismique, presentent 
1' association des deux familles. Ailleurs, dans les regions prof andes a soubassement 
repute oceanique, la famille NO-N90 apparait absente. L' etude des domes de sel four
onit done un moyen d' affiner le trace de la limite croute continentale - croute 
oceanique. On peut supposer que l 'absence de la famille NO-N90 dans la portion ocea
nique du bassin peut s 'expliquer par le fait qu 'il s 'agit d' une direction dont le 
jeu dominant est relativement ancien et qu'il n'a pu s'imprimer dans une croute re
cente' cree dans un contexte mecaniquement defavorable a la. naissance de telles di
rections. 

Cette etude structurale indirecte et d 'autres, plus habituelles, portant sur la marge 
proven~ale ant ete integrees dans une synthese cartographique, de la partie septen
trionale de la Mediterranee occidentale. Sur ce document, <Habore ·par J .1. OLIVET 
et C. LE CANN, sont reportes les differents traits morphologiques, tectoniques, li
neamentaires, magnetiques, etc ... de ce bassin. 

Par les precisions qu' il apporte sur la structure et l' extension des domaines conti
nentaux, ce travail est susceptible de fournir d' importantes contraintes pour la re
constitution du passe de ce bassin et tout particulierement sur la position du bloc 
corso-sarde, a pres la tectogenese pyreneenne et avant les derives et orogeneses mio
cenes. 

La "liberte de manoeuvre" du bloc corso-sarde apparait assez courte. Sa derive anti
horaire tertiaire semble bien devoir etre limitee aux 30° demontres par le paleoma
gnetisme des laves du Miocene sarde. Une valeur de 25° conviendrait meme davantage 
en evitant, au mieux, les zones de "recouvrement" des bordures continentales. Dans 
ce cas, les 30° de rotation supplementaires at testes par le magnetisme des volcani
tes permiennes de Sardaigne, ne peuvent etre dus qu' a une derive plus ancienne, tres 
probablement ante-coniacienne, compte tenu de 1 'age de la fin de la derive orientale 
du bloc iberique. On arrive ainsi a l'idee que le bassin liguro-proven~al est, en 
partie, d' age ante-tertiaire. On doi t meme se demander, si la faiblesse relative de 
cette zone. au cours du drame alpin, n' est pas due au fait qu' elle s' est develop pee 
sur l' emplacement d 'un ancien bassin post-tectonique hercynien, analogue aux moder
nes bassins a croute amincie de la Mediterranee et de la Mer Noire. 



G-III4 
NATURE DU SUBSTRATLM DE LA MARGE SARDE : RESULTATS DES FORAGES 

DE LA CAMPAGNE 107 DU JOIDES RESOWTION (OcEAN DRILLING PRosRAM) 

Equipe scientifique embarquee : 
Georges MASCLE, Renzo SARTORI, Kim KASTENS, Jean MASCLE, Christian 
AUROUX, Enrico BONATTI, Christina BROGLIA, James CHANNEL, Pietro 
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Au cours de la recente campagne 107 (Ocean Drilling Program) en Mer 
Tyrrhenienne, trois sites ont permis de recueillir des materiaux qui fournissent 
des indications sur la nature du substratum de la marge sarde. 

Le site 651+ est situe au revers d'un bloc bascule sur !a partie elevee de la 
marge, par 2175m de profondeur, dans une region ou l'amincissement de la 
croOte continentale demeure modere, celle-d atteignant encore 20km d'epais
seur. Une serie argilo-sableuse continentale, rouge, contenant des lits de 
galets a ete foree entre -418,7 et -473,8m. Les elements remanies sont 
formes de fragments de quartz filonien avec de fines intercalations de 
schistes chloriteux et de nombreux galets de marbres dolomitiques plus ou 
moins recristallises. Ces elements presentent des analogies avec le socle 
hercynien de Sardaigne. 

Le site 652 est sltue vers !a base de la marge sarde sur le revers d'un 
bloc bascule par 3446m de fond dans une zone ou l'epaisseur de la croOte 
continentale n'est que de quelques kilometres. 

De nombreux ga1ets ont ete recuperes entre-331+,7 et-31+4,8m au sein d'une 
epaisse serie continentale contenant de fines passees evaporitiques entre-188,6 
et-683,5m. Ces galets offrent des facies sedimentaires varies : packstones a 
debris de rudistes; biomicrites a Saccocomidae, a Globitruncanidae ou a 
Globorotalidae; calcshistes (de tres bas grade) a restes de Foraminlferes; 
grainstones a Foraminiferes benthiques; quartz-arenite; gres polymlctites. Ces 
fades sont connus dans des unites de type apenninique ou sici!ien. 

Le site 656 est situe par 3597m de fond sur le flanc occidental du Mont 
de Marchi, dernier bloc bascule affectant .la marge sarde a quelques kilo
metres a l'Est ·du site 652. Deux puits ont ete fores; tous deux ont atteint a 
la base [puits 656 A de -179,1 a-236,1+m, puits 656 B de-105,6 a-121,8] des 
marnes dolomitiques varicolores, a dominante rouge (d'age probablement 
messinien) .contenant de nombreux elements remanies. On note en particulier 
la presence:de gres, roches vertes alterees)de metadolerites, de metagabbros 
alteres d'amphibolites, de metaquartzites. On trouve egalement des marbres 
chloriteux, des cherts, des calcaires micritiques silicifies, des sulfures (pyrite, 
&alene, chalcopyrites). Des cristaux remanies d'amphiboles bleues ont ete 
egalement observes dans le Quaternaire 820,7m, puits 656 A et-71+,8m, puits 
656 B]. Ces elements indiquent un materiel issu d'un bati alpin proche 
comportant en partlculier une unite ophiolitlque et des facies de haute 
pression. 

La marge sarde de la Mer Tyrrhenienne apparait done etre decoupee dans 
un bati complexe comportant un substratum hercynien ancien et des unites 
alpines vraisemblablement charriees sur les precedentes selon un dispositif 
comparable a celui que !'on peut observer a l'affleurement en Corse. 

7S 

G-Ills 
SEISI'liC RESULTS BE1WEEN TUNISIA AND SARDINIA 

EuROPEAN GEOTRAVERSE, SOUTHERN SEGMENT 

R. EGLOFF(!}, F. EGLOFF(!}, J. MAKRIS(l) and R. NICOLICH( 2 ) 

{1) Institute of Geophysics, University, Hamburg (R.F.A.) 
(2) Istituto di Miniere e Geofisica Applicata, Trieste (Italia} 

In June 1985 the Universities of Hamburg, Trieste and Cambridge 

performed a joint seismic experiment between the Tunisian 
coast and Sardinia. A total of 26 Ocean-Bottom-Seismographs, 
20 from Hamburg and 6 from Cambridge, were equidistantly 
deployed from the RV-Bannock to cover a line of approx. 160km 
length. 40 kg charges were fired equidistantly along the 
profile at intervals of 800m from the RV-Minerva, and the 
seismic signals propagated more than 200 km. The seismograms 
were digitised, band-pass filtered between 3 and 15 Hz and 
normalised. The geometry of the basement and the veolcity 
structure of the sediments were develpped by reflection seismic 
data and the OBS recordings. The structure of the crust and 
the Upper Mantle were developed by using the traveltime& and 
the amplitudes of the seismic phases. At its thinnest part 
the crust has a thickness of 20 km, and the velocity structure 
corresponds to a thin continental crust. In some parts of 
the· profile, the thickness of the sediments exceeds 6 km. 
The Pn-velocity isapprox. 8 km s-1 , and at a depth of nearly 20 km 
a further discontinuity was established by wide-angle reflections. 
The seismic section and its interpretation will be presented and 
some tectonic implications discussed. 

II 
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G-IV1 
LES LIENS ENTRE L1 EFFONDREMENT DE LA f~EDITERRANEE ET LE SURELEvEMENT 

DE SES BORDURES DEPUIS LE PLIOCENE INFERIEUR 

Fran<;ois FERNEX, Jean-Marc GUERIN et Georges IAWORSKY 

Laboratoire de Gt§odynamique Sous-Marine, 
U.A. CNRS 725, Villefranche-sur-Mer (France) 

Plusieurs regions du pourtour de la Mediterranee occidentale presentent des depOts marins 
messiniens, pliocenes et quaternaires (Bourcart, 1963; Montadert et al., 1970). 

L 'altitude des affleurements les plus eleves du Messinien et du Pliocene marins avoisinent 
600m dans le SE de l'Espagne, au Maroc, dans le SE de Ia France. L'altitude des niveaux du 
Pliocene superieur ne depasserait pas 300m (v. lrr F., 1984). 

L '§.ge des plages transgressives des periodes quaternaires interglaciaires est discute~ Certains 
geologues ont admis que des manifestations tectoniques relativement importantes ont eu lieu 
pendant le Quaternaire. lis ont attribue a des memes periodes (par ex. Inter-glaciaire Mindei-Riss) 
des temoins de Quaternaire marin situes actue1Jement a des attitudes tres diverses. 

Avec d'autres auteurs, nous estimons au contraire que, au mains en ce qui concerne le 
pourtour de Ia Mediterranee occidentale, et sauf quelques exceptions (par ex. Iegere subsidence de 
Ia zone du Delta du Rhone, ou surelevement en Sicile), les terrasses de l 00 a I I 0 ou 120cm 
correspondent a des episodes transgressifs anciens, bien determines (Calabrien). Tandis que les 
episodes transgressifs recents {11 Eo-tyrrhenien"' Tyrrhenien) ~uraient abouti a la construction des 
plages voisines de 20 a 24m. Les plages quaternaires a !'altitude de 10 ou 12m correspondraient 
essentiellement a des interstades du Wiirm (v. Sole Sabaris, 1963; Maldonado, 1972). 

Les niveaux marins des plages actuellement voisines de 105-llOm Ol)t fourni une faune d'age 
calabrien (Jaworsky, 1971; Jaworsky et Le Calvez, !974, 1977). Toutefois, les temoins des plages 
calabriennes sont rares, et les limons et paleosols qui leur sont superposes sont pauvres en faune 
caracteristique. Et pour plusieurs affleurements de series continentales isolees il est difficile de 
prouver !'age ancien. Cependant des mesures de susceptibilite magnetique avaient permis d'etablir 
de bonnes correlations d'une coupe a l'autre (Poutiers, 1975). Et; des mesures de paleomagnetisme 
ant ete realisees sur des echantillons preleves dans Ia region de Nice (mesures au Lab. de 
Geodynamique de Villefranche, avec passal\e en champ nul,puis desaimantations). Dans le SE de Ia 
France, G. Jaworsky (1971) a reconnu et definl une sequence quaternaire de 6 cycles principaux. Le 
ler correspond aux limons et paleosols superposes dlrectement a -Ia terrasse de ll3-ll5m (ou 120m) 
ef anterieurs au retour (apres regression) des !ignes de rivages au niveau de 1 05-ll Om . .Le 2e cycle 
correspond aux limons et sols superposes a Ia terrasse de l08-110m. Le 3e cycle a des niveaux plus 
recents que Ia terrasse de 80-85m attribuable a l'interglaciaire Donau-Giintz. Le 4e succede aux 
depots de la plage de 34-35m (Guntz-Mindel, env. 700.000 ans). 

Les mesures de paleomagnetlsmes ont montre que, ou qu'ils aient ete preleves, les 
echantillons des formations plus recentes que Ia terrasse de 34-35m ont une· aimantation (fossile) 
normale. La cristallisation ou recristallisation de tous ces paleosols daterait done de moins de 
700.000 ans. 

En revanche, plusieurs formations attribuees a des cycles plus anciens possedent une 
aimantation fossile inverse (tout a fait nette dans bien des cas). Tel est en particulier le cas d'un 
grand paleosol a la limite des cycles 1 et 2 observe a Nice-Caucade-Les Tulipes vers !10-120m 
d'alt., et aux Belles-Terres au dessus de l'aeroport de Nice, vers 140-150m d'alt. Cependant, les 
paleosols du l!'r cycle sous-jacent possedent une aimantation a nouveau normale; cela fait 
correspondre leur age au double episode de Gilsa-Olduvai, soit au moins 1,6 M.A. 

Les aimantations inverses des limons de Ia grotte de St Roman a Monaco-Beausoleil (130m) 
et "de Ia Madeleine pourraient correspondre a des ·episodes plus anciens . . 
Des observations similaires ont ete faites en Sardaigne (Carobene, Pasini, 1973). Elles confirment 
que les plages transgressives situees a environ l10-120m ant environ 1,5 M.A. Cela correspond a un 
sunHevement moyen d'environ a O,Olcm/an. On aboutit a la meme estimation si l'on considere la 
situation du Pliocene inf. dont les affleurements les plus eleves avoisinent 500m. 

L'importance de l'effondrement du bassin central de Ia Mediterranee occidentale depuis 
l'aurore du Pliocene est discutee. La puissance de Ia couche des evaporites oblige d'admettre une 
communication avec !'Atlantique, puisqu'une evaporation unique de Ia Mediterranee produirait des 
depots saliferes d'une epaisseur de moins de 50m. Et il existe des sites ou le Messinien est 
transgressif par rapport au Miocene moyen-superieur (v. profll) .• un effondrement de 2500m parait 
une estimation minimale. Cela correspond a une subsidence moyenne d'environ 0,05cm/an. 

On peut raisonnablement penser que le deplacement lateral du materiel sous-crustal en 
liaison avec le simple reajustement isostatique s'est etale de part et d'autre du bassin, sous les 
Alpes du 5 et sous la Corse en occupant (en profondeur) une surface 2 fois ou au maximum 3 fois 
f~~~ :~~~~\i~:hl~i~~~:).e du bassin. Plus loin on entre dans des systemes structuraux differents 
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Le bourrage aurait alors dO conduire a un sun!levement 
celui que nous venons d'estimer. 

· Canyon du 
Grond Hhone 

-2,5" -!.!15m 

· Ainsi, pres de ma moitie du materiel sous-crustal de ce qui, apres le Messinien, allait 
devenir le bassin Li&uro-provent;:al avait done migre ailleurs, bien plus loin. La responsabilite d'un 
tel deplacement releve non plus d'un seul reajustement isostatique, mais des jeux d'une activite 
tectonique de tres grande envergur" et d'un tout autre style. 
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G-IV2 
CONTINENTAL SHELF t-'£lRPHOTECTONIC FEATURES 

OF THE BETIC BASEMENT OFF THE f'1\R MENOR 

Victor DIAZ DEL RIO and Jorge REY 

Institute Espanol de Oceanografia, Laboratorio Oceanografico de Fuengirola, 
Apartado 285, Fuengirola, Malaga (Espana) 

Detailed seismic reflection survey carried out ·in the Continental Shelf off the 
"Mar Kenor", in the Spanish Kediterranean, have revealed the existence of a 
clearly defined acoustic basement, of possible Betic nature, whose morphological 
and tectonic characteristics are discussed in this paper. 
The seismic equipment used in the survey are the following: a sparker <1 500 
joules), a sub-bottom profile.r <3. 5 KHz> and a side scan sonar <100 KHz). 
Numerous superficials sediments and consolidated rock samples, have been 
extracted. The identified continental margin type by means of seismics profiles 
over which the Continental shelf of the "Mar Kenor•• is developed, belongs to the 
category of intermediate margin. 
This margin is characterized by a relative morphological irregularity of the 
shelf, in which the structural factor has not been surpassed by the sedimentary 

factor. 
The outer limit of the shelf stands in a depth of about 150 m. The pliocuaternary 
sedimentry units presents a strong progradation that tends to smooth the relief 

itself. 

Figure. 
Diagram block of the betic basement and the main faults. 

The major thickness are shown in the "structural depressions" of the basement, 
while in the "structural hights" the thickness is minimum. 
The aforesaid seems to show that this sector is in an advenced phase of transition 
towards a progradant margin. 
The basement presents a general structure in faulted blocks in preferably two main 
directions, E/YT and IiJIYT/SSE, although the former dominate over the latter. This 
structure originate a tectonic block taking shape of "piano keys" very much 
different to the classic structure in "steps-like", typical in the Catalonian and 
Balearic intermediate margins. 

. This structural disposition affected by ortogonal faults produces outcrops of two 
modules of the basement in the central and southern sectors of the shelf. The 
endlass movement of this basement have ruled and at present is still ruling the 
geometry to adopt by the Neogene-Quaternariy sediments. 
This endogenous activity is at the same time reflected by the existence of 
volcanics outcrops located over the major entity faults. 
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The replaying of the faults that affects the basement, originates basins and 
tectonic horst shaping two minor basins over the shelf. Both basins 
independent and separated by an structural hight of outcroping basement. 
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The Mediterranean Sea has been divided into 8 areas (see fig.I). The 

hypsometry of each area and of Mediterranean Sea is shown in the cumulative 

frequency curves of fig.I. The frequency curves of the areas 3,4,6,7, are 

unimodal with the modal class corresponding to the interval 0-500 m. Other 

frequency curves present modal classes corresponding to the intervals 0-500 

m and 2000-3500 m. The frequency curve of the Mediterranean Sea is even bi

modal with a main modal class corresponding to the interval 0-500 m and a 

secondary mode in the 2000-3000 m interval. This interval corresponds, above 

all, to transition from continental slope to bathyal plains. 
The comparison among hypsometric curves, percentage hypsometric curves 

a"d clinographic curves to the values of Strahlar method (I952) confirm the 

results from histograms and cumulative frequency curves of fig. I. 

The areas have been measured by a polar planimeter Salmoiraghi mod. 2 36. 

To avoid the errors due to deformations in the Mercator projection, the mea

sured areas have been corrected by comparison with actual areas. of the corre

sponding spherical trapezes of I 0 of latit.ude and I 0 of longitude dimensions. 

The total area of Mediterranean Sea, according to the Authors, is Kn? 

2, 967, 800, the average depth has resulted I486 m with a maximum of 5I2I m 

in the Ionian Sea, the average slope, by Strahler method is resulted I
0
22'. 

The aim of this work is to show an example for a quantitative geomorpho

logical methodologie ·using. 

References 

Clarke (J. I.) , I966- Morphometry from maps. Essays in Geomorphology 

Ed. Dury (G.B.), Heinemann, London. 

Menard (H.W.) & Stuart (M.S.), I966-Hypsometry of ocean basin pro

vinces. Jour. Geophys. Research. 

AREAl%} 

mOO~! I I 15pll I l~<r 

1000 

2000 

3000 . 

I I I I I I I I I I I 

mO~ 2 
1000 

~2000 

~ 3000 

4000 

I I I I I I I I l I I 

mO~ 
1000 

3 

2000 

I I I I I I I I I I I 

,::~\: 
MEDITERRANEAN SEA 

1000 
J: 
;;: 2000 

w 3000 
0 

4000 

5000 

AREA t%1 mOOhl I I 15pl I I ~1<r 
1000 

2000 

3000 

4000 

5000 

I I I I I I I I I I I 

mO~ 5 1000 

6 

0 2000 

3000 

I I I I I I I I I I I 

mO~l7 
1000 "\ 

m0~
1111

.
1111111 

1000 

8 

2000 

AREA 1%1 

Fig. I: Hypsometry of the Mediterranean Sea 
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A reevaluation of existing gravity and seismic data from Morocco 

permitted the construction of several 2-D density models for the 

Atlas and Antiatlas as well as the Rif mountains of Morocco. The 

computed models were compared to a seismicity map published by 

Mezcua et al. 1983 and new conclusions were drawn by comparing 

the models, their isostatic behavior and tectonic deformation. 

Most areas of the Antiatlas and High Atlas are isostatically in 

equilibrium with a maximum crustal thickness of approximately 38 

to 40 km below the High Atlas. The Meseta is floored by a normal 

continental crust which rapidly thins towards .the Atlantic coastal 

areas to approximately 22 to 25 km thickness. The young basins 

developing along the Atlantic coasts are important for hydrocarbons 

and gas-bearing structures. To the northeast, the Meseta is 

followed by the Rharb Basin and the Rif mountains. The crustal 

deformation shows evidence of compressional deformation on a 

regional scale towards the Alboran Sea. The Rharb Basin and the 

Rif mountains are not in isostatic balance. 

The seismicity data and plane solutions of focal mechanism show 

that the South Atlas Lineament (SAL) is controlled mainly by 

shearing, favouring the development of young, pull-apart basins, 

like the Ouarzagent or Sou:s Basins. The seismic activity is 

shifted from the SAL to the Na)tOr lineament; thus the shearing 

is tranferred from the Antiatlas-Atlas areas to the Rif. The 

collision of the Meseta-Rif-Alboran crust with Iberia produces 

large scale deformation and favours the development of the Rif 

nappes. The Beni Bouchera ophiolite is thus interpreted as a part 

of the Nappes and is in an allochthonous position. 
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Detailed biostratigraphical studies were carried out on many cores, 

collected in more than ten years of activity by ~r.G.M. of Bologna 

in the Tyrrhenian Sea off the continental shelf, as part of a pro

gram promoted in the years 1983-1985. 

The studies were completed by sedimentological, petrographical and 

radiometric analysis as well as by sub-bottom character interpreta

tions.The main preliminary results point out the existence of six 

areas different for their depositional characters. 

1) The southern bathial plain is the area where the sedimentation is 

more condensed and undistributed. Here, notwithstanding the terrige

nous suplly from the Sicilian Slope and the active regional volca

nism., it was possible to chose some cores in which tipical sequences 

were established and used as a reference for the other areas. 

2) The highest sedimentation rate is reached in the area downslope 

of the Latium-Campania margin, where thick terrigenous deposits ac

cumulate. 

3) A second zone with rapid accumulation rate is the area comprising 

the seamounts East of the Central Fault. Here up to 8 meters of fea

turless clay was sampled which may be interpreted as due to gravity 

flows (slumps and turbidites) coming down from the steep slopes of 

the seamounts, according to the model of unifites or omogenites for

mation (STANLEY 1981). 

4) The south-eastern zone westward of Marsili seamount is characte

rized by thick terrigenous turbidites containing high percentages 

of mica, derived from alteration of granitic rocks, and reworked 

faunas from Pliocene terrains. An origin from the Sicilian slopes 

is supposed. 

5) Little basins interrupt the continental slope of the northermost 

area. They dont act as sedimentary traps for coarse material, as ex

pected, but show a rather low accumulation rate. Only during negati

ve climatic fluctuations they were affected by organogenous and ter

rigenous turbidites, triggered by temporary large exposure of conti

nental shelf. 

6) A condensed sedimentation with only five, well recongnizable orga

nogenous turbidites characterizes the western part of the bathyal pl~ 

in between the Central Fault and the Sardinia basin. 

In synthesis, our rese~rch has focused these main points: 

a) Fine sediments dispersal and accumulation in the Tyrrhenian deep 

sea is mainly controlled by gravity .flows and fluid-driven mechanisms, 

as suggested by STANLEY 1985 for the Mediterranean margin-basin sedi

mentation. 

b) Structural and morphological framework plays the major control of 

the sedimentological processes. 

c) The accumulation rates during Glacial, Post-glacial and Olocene 

times have changed only in little basins of the northern and south

ern continental slopes, while in all the remaining areas the sedimen

tary supply continued to be rather high. Seldom sediments older than 

the last-glacial time were reached by a gravity corer (up to 10 m 

long) . 

d) Climatic changes seem to have scarcely influenced current direc

tions except during the last interstadial time. Planctonic Foraminif~ 

ra and Pteropod assemblages suggest for this period the presence of 

a quite warm current with tropical characters flowing on a cold gla

cial water mass. That tropical forms at present living only west of 

Gibraltar may have entered the Mediterranean in this period for dif

ferent water conditions of circulation or circulation or that winter-

summer thermal excursion·were higher than at present, seem to us the 

best explanations for this question .. 
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HEAT FLOW AND SUBSIDENCE OF THE DEEP IoNIAN BASIN 

Bruno DELLA VEDOVA and Giulio PELLIS 
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.Abstr.act.. The Ionian Sea abyssal plain is a triangle shaped basin within the 
Central Mediterranean located at 35"-37"N and 16"-19"E. Four major 
structural units are facing the basin: the Malta Escarpment separates 
westwards the deep basin from the Sicily-Malta shallow water Plateau, on 
the south side the Medina Ridge delimitates the Sirte Rise geological 
provence, on the east the Mediterranean Ridge marks the transition to the 
Hellenic Trench system and from the north-west margin the sedimentary pile 
of the Calabrian Rise is expanding, in a south-east direction, onto the deep 
abyssal floor. The origin, nature and age of the basin is still an open 
argument. Objective of the present note is the estimate of two important 
transient effects, such as total tectonic subsidence (TTS) and heat flow (HF), 
which are related to the age formation of the basin. A wide range of 
Interpretations and models have been proposed to explain the evolution of the 
deep Ionian Basin starting from geological and geophysical observations. 
These can be summarized as follow: 
- the deep basin has a water depth ranging between 3.8 and 4. I km and it is 

covered by a thick sedimentary sequence; 
- Bouguer anomalies reach their maximum of 310 mGals on. the plain; 
- Isostasy seems nearly compensated; 
- high Intensity magnetic anomalies have been recognized at a depth of 4.5-7 

km b.s.J. on the westernmost margin, close to the Malta Escarpment, and are 
probably linked to the rifting processes (Arlsl Rota, Fichera,1985) which 
affected the basin; oceanic-type magnetic lineations are absent; 

- seismic reflection and refraction lines have shown an almost constant 
thickness of sediments (6-7 km) over the whole abyssal plain, while the 
underlaying crust has a thickness between 4 and 6 km (Makris et al.,l986); 

- 1-f data shows that the thermal regime of the basin Is lower than normal; 
- seismic activity seems to be very low, no active faults can be recognized 

on the basis of the few shallow events recorded; neverthless, sea-beam and 
echo-sounding profiles proved that recent deformation has occurred (Hleke 
and Wanninger, 1985). 
The TTS, which Is the sum of Initial subsidence and long-term thermal 

subsidence, has been estimated on the geologic sections prepared, on the base 
of seismic reflection and refraction data across the deep Ionian Basin, by 
Makris et al. ( 1986). The 6.3 km/s seismic reflector has been assumed as the 
top of the basement of either a highly attenuated continental crust or of an 
oceanic-type crust. Sediment loading effects have been removed by standard 
formulae In the Airy Isostatic assumptions. A first approximation of the TTS 
Is calculated In 6.2-6.5 km. This value corresponds to an ocean older than 175 
M.y., If age vs. depth relationship of Parsons and Sclater (1977) Is applied. On 
the other hand, If we consider the basin floored by a foundered and/or 
attenuated continental lithosphere the age of the rifting process could be 
younger than in the oceanic hypothesis only In the assliT!ption that the mantle 
beneath Ionian basin would have a density higher than the average values 
under the present oceans. Eleven new HF measurements, with in situ 
determination of thermal conductivity, performed during N/0 Bannock 9/84 
cruise (Iable..J.), are presented. The HF In the deep basin (six stations) shows a 
relative high variability with a mean value of 31.8 :t 5.0 (S.D.) mW m-2. This 
value Is reasonably close to the 33.5 mW m-2 measured at DSDP 374. The 
other five measurements on the western Messina Cone show a higher 
variabtlity (27.0 :t 9.1 mW m-2) related to local disturbances. Sedimentation 
effect, on abyssal plain HF, has been estimated (from profile 1 of Makris et al. 
1986) only since Miocene time wtth the assumption that the low mesozoic 
sedimentation was thermally compensated In Paleogene time In which an 
almost absent sedimentation has been hypothized. The overall effect has been 
evaluated to reduce the regional HF by 20-25 l'i:. To point out the 
cooling-related HF, flowing out from the lithosphere, the radiogenic heat 
produced within the overlying sediments has to be taken in account. This 
production has been estimated to raise the surface HF of about 3-5 mw m-2. 
The HF reduced to the top of the buried crust will become 35-40 mW m-2. Such 
a HF Is too low to come from a continental lithosphere (which has an 
equtlibrlum HF of 46 mW m-2), while It corresponds to an ocean older than 
200 M.y., if the HF vs. age relation of Parsons an<1 Sclater (1977) Is used. 
From TTS and HF evaluations, the Ionian Sea abyssal plain appears to be one of 
the oldest oceanic basins, may be the last remnant of the tethyan ocean 
TABLE I Summary of heat now measurements in the Ionian Sea <Bannock. 9/84 cruise) 

STATION LONG E DEPTH B.W T PEN PR. GRADIENT CONDUCTIVITY H.f 
(m) ("C) (m) (N) (mK m·•) N (W m·•K- 1) (mW m~1) 

GT 84~1 36' 450 16' 212 3280 14.0 70 26.1!52 II* 29 
GT 84~2 36' 40.7' IS' 56.6 328S 139 7.0 30.3!S.O 1.17 35 SWHessma 
GT 84-3 36" 33.7' 16" 33.0' 3400 14.0 6.5 4 16.2!2.7 109 18 Cone 
GT BLI-4 36' 26.2' IS" S66 334S 14.0 6.5 34.4!4.0 1 os• 36 
GT 84-5 36" 011' 15" 57.9' 3685 140 6.5 15.7!1 g 1.!* 17 

GT 84-6 35' 39.1' 16" 45.0' 3925 14.1 4.5 3 295!4.4 1.04 31 
GT 84-7 35" 31.8' 16" 57.0' 3980 6.5 4 31.6!0.7 1.24 39 
GT 84-8 35" 281' 17" 18.5' 3950 14.1 6.5 29.8!5.3 1.16 35 Ionian abyssal 
GT 84-9 35" 45.6' 18" 21.3' 4085 14.2 6.5 24.4!6.3 1.01 25 plam 
GT 84-10 35' 58.5' 18" 19.6' 4085 14.2 7.0 7 27.6!8.5 1.03 28 
GT84-IJ I 36"13.0' 18" 25.2' 4070 14.2 7.0 s 30.2!7.0 l.l* 33 

II 36" 13.3' 18'23.5' 4070 14.2 7.0 5 28.6!4.6 1.13 32 
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The Calabrian Arc, as well as the surrounding basins of the Tyrrhenian and 
Ionian Seas, have been an object" of ·interest for several Deep Seismic 
Sounding surveys (DSS), both by marine and land recording, since the early 
seventies. 

These surveys were jointly carried out in 1979 and 1984 by I PG - Paris, 
IMGA- Trieste and O.V.- Naples within the frame of the cooperation between 
the Italian and French National Research.Councils. 

Former experiments in the Tyrrhenian Sea allowed to put into evidence 
locally very thin crust, e.g. Steinmetz et al. ( 1983), Recq and Rehault ( 1983), 
Nicolich ( 1981 ). 

In the Ionian basin Hinz ( 1974) found similar characteristics in its central 
part, where the crustal thickness is of the order of II km, while 16 to 18 km 
is the thickness observed in the other parts of the basin (this paper, and 
Makris et al., 1986). The structures become more and more complicated 
towards its northern and western borders, i.e. the Calabrian Arc and the Malta 
Escarpment. 

Here we focus on its northern transition zone to the Tyrrhenian basin, 
principally on a NW- SE profile by shots and OBS recording at sea, and a later 
experiment based on shots at sea and land recording on a SSW- NNE profile 
and over-critical distance fan geometries associated to it. 

A dramatic increase of the crustal thickness is put into evidence offshore 
the Ionian coasts of Calabria. The time-distance curve relative to deeper 
reflections best fits with a sharp discontinuity of the Moho interface bringing 
its depth from approximately 20 km to more than 35 km in the range 80 +40 
km SE of the Calabrian coasts. Due to the characteristics of the recorded 
signal Oow, rather monochromatic frequencies, as usual in shooting large 
charges at sea and OBS recoralng), one has no access to Intermediate crust 
velocities and, even if suspectable, there is once more a lack of .evidence of 
low velocity layers in the data. The shooting-recording geometry does not 
permit to test the subducting plate hypothesis (e.g. Gasparini et al., 1982), 
which accounted only for. the deep seismic foci (200+300 km) in the 
Tyrrhenian Sea. 

On an other hand, a recent SSW - NNE profile along Southern Calabria puts 
into evidence sharp Pn phases, in the range 80+ I 00 km from the shot point 
with apparent velocity larger than 9 km/s. 

This could be only coherent with a quick SSW - NNE rising of the Moho 
(across the southern border of Calabria) with a dip of 8 to I 0 degrees. The 
shallower depth reached by this interface fits the 20 km Moho depth obtained 
along the OBS profile, few l<m north-east of it, both in Calabria and in the 
Western Ionian basin. Recording of the same shots in a fan geometry across 
Calabria extends this information towards the southern Tyrrhenian basin. 

This recent acquisition is puzzling because it strongly contrasts the 
former models proposed for the southern sector of the Calabrian Arc. The fit 
of the crustal thicknesses leads to propose a possible multiblocl< arc model 
which would exclude the single overriding of two plates within the context of 
an SE-NW subduction. 
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La Mer Tyr_rhenienne est un ba.ssin recent ouvert pour, certains auteurs au 
cours du Pliocene moyen, en arriere d'une zone de subduction, Ia subduction 
calabraise dont attestent notamment un ·plan de Benioff et un volcanisme calco
alcalin. Par ailleurs ce bassin est individualise au sein d'ensembles orogeniques : 
!'ensemble alpin a !'ouest, Jes chaines apenniniques et siciliennes a !'Est et au Sud. 
La creation de Ia Mer Tyrrhenienne s'est accompagnee d'un amincissement crustal 
bien mis en evidence par Jes donnees de refraction ·sismique; ce phenomene a 
abouti a Ia formation de marges continentales passives typiques notamment au 
large de Ia Sardaigne. Deux bassins profonds (plus de 3500m) a fond plat, et 
comportant chacun un grand edifice volcanique a affinite thoh~itique, Jes volcans 
V~wilov et Marsili ~Fi~.I) car.acterisent Je do.maine tyrrhenien central. Les donnees 
geophystques (gravtmetne, refractiOn, magnetisme flux de chaleur) de meme que 
certaines donnees geologiques et petrographiques ainsi que le precedent Forage 
DSDP 373 indiquent que Ia croute de ces bassins est probablement de nature 
oceanique. On remarque que Je Moho se situe a moihs de !Okm de profondeur et 
que sous ces bassins Ia distribution des vitesses sismique est celle des domaines 
oceaniques. Ces bassins sont recents, Je bassin Vavilov daterait de 7.2 a 3.5 Ma 
d'apres' des mesures radiochronologiques obtenues sur les basaltes du site DSDP 
373. 

La campagne de forage ODP 107 qui s'est deroulee en Mer Tyr·rhenienne (28 
Decembre 1985 - 18 Fevrier 1986) avait trois objectifs principaux 
I) analyser I' evolution .sedimentaire et structurale d'une marge passive recente, Ia 
marge continentale sarde; 2) preciser Ia nature et J'age du socle dans Jes deux 
bassins centraux Vavilov et Marsili; 3) prelever une serie sedimentaire pelagique de 
reference complete des etages Pliocene et Pleistocene afin d'etablir des calages 
stratigraphiques fondes a Ia fois sur faunes et flores mais egalement sur des 
courbes isotopiques, radiochronologiques et magnetostratigraphiques. 

Nous presentons brievement Jes principaux resultats des onze forages realises, 
repartis en sept sites, suivant une coupe generale NW -SE du Bassin Tyrrhenien, 
depuis Ia marge superieure sarde jusqu'au bassin Marsili (Fig.2) c'est a dire selon Ja 
direction de !'extension. 

Les quatres sites fores sur Ia marge indiquent clairement une progression dans 
Je temps, de !'ouest vers !'est, de Ia distension. Alors que le site 654 illustre une 
transgression accompagnant Ia rotation des blocs de Ia marge superieure, pendant 
Je Tortonien superieur et jusqu'au Messinien terminal, les sites 652 et 656 
sou!i9nent q~'a.u cour~ du Mes~i~ien Ia r~gion, maintenant occupee par Ia ;narge 
mfeneure, eta1t Je lieu de depots de sedtments de lacs voir meme subaeriens. 
Cette reorganisation des reliefs iJJustre. Ia progression vers Je Sud-Est de Ja 
distension qui aboutit peu apres a creer Je bassin Vavilov. 

Les echantillons fores dans les deux bassins, Vavilov et Marsili, indiquent tout 
d'ab.ord qu'aucun des deux bassins n'existait au Miocene terminal; ce fait est 
coherent avec Ia mise en evidence d'une distension encore active a cette epoque 
sur Ia marge sarde. Les datations minimum obtenues par Jes microfaunes demon
trent un diachronisme entre Jes deux bassins. Le bassin Vavilov est plus age que te 
bassin Marsili, au minimum de 1.5 Ma. Ce resultat est en bon accord avec Je 
modele d''!ne migration progressive, vers Je Sud-Est, du lieu d'accretion oceanique 
au fur et a mesure que recule Je front de subduction calabrais et que se deplacent 
Jes blocs continentaux du Sud de l'ltalie (Calabre et Peloritains). Entin on 
remarquera que Ia creation de Ia Mer Tyrrhenienne dans son ensemble est tres 
recente : Ia marge sarde ne commence a se cnfer qu'au cours du Tortonien 
superieur et Je bassin Marsili n'est age que de 2 Ma. 

De nombreux autres points seront etudies grace aux forages de Ja campagne. IJs 
concernent aussi bien Ia chronologie du volcanisme perityrrhenien~que Ia sedimenta
tion cyclique des evaporites ou Ia definition precise des Jimites stratigraphiques 
Pliocene-Messinien ou Messinien-Tortonien. La signification geodynamique de Ja 
succession petrologique du bassin Vavilov qui comporte des peridotites recouvertes 
de sediments puis de basaltes, Ja subsidence et Je regime thermique des bassins 
Marsili et Vavilov ainsi que ceux de Ia marge sarde sont autant de themes de 
recherches que permettent d'etudier Jes resultats de Ia campagne ODP 107 du 
Joides Resolution. 
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LE MODELE AERIEN DES RELIEFS PROFONDS DE LA MER TYRRHENIENNE 

RtSULTATS DES PLOr-.x;EES EN CfflNA 
M. GENNESSEAUX 0

, J.P. REHAULT, P. COLANTONI, A. FABBRI, 
C. LEPVRIER, G. MASCLE, A. MAUFFRET, R. POLINO, C. ROBIN, 
B. THOMAS, J.R. VANNEY (Groupe CYRRHENE) 

0 Departement de Geologie nynamique et U.A. 718, Universite 
Pierre et Marie Curie, Paris (France) 

La plaine bathyale turbiditique du bassin Tyrrhenien, entre 3000 et 3600 m de 
profondeur, est accidentee par de nombreux harts sous-marins. Exception faite des 
edifices volcaniques (Marsili, Vavilov, Malaghi), ce sent des blocs continentaux 
bascules appartenant soit a la marge de Sardaigne (Faille Centrale, Farfalle, De 
Marchi) soit a celle des Apennins (Flavia-Gioia, Issel, Poseidone). Debutant au 
Miocene superieur, cet etirement crustal aurait ete suivi ,au cours du Plioquater
naire, par trois episodes successifs d' accretion oceanique (Bassins de Managhi, 
Vavilov et Marsili) actifs jusqu 'au Pleistocene superieur. 

Les blocs crustaux qui emergent de la couverture sedimentaire presentent un 
versant escarpe et rocheux, decoupe en marches par des repetitions de failles nor
males et une surface mains inclinee, fortement envasee formant le sommet. 

Les 13 plongees realisees en 1984 au moyen du submersible CYANA (campagne 
CYRRHENE**) ont montre qu'en depit des variations lithologiques; ces pentes rocheu
ses ont un modele sensiblement identique et de meme origine. L' acquisition du relief 
actuel. peut schematiquement se decomposer en deux grandes etapes distinctes. 

La premiere est indubitablement sous-marine et d'age plio-quaternaire. Elle 
resulte essentiellement d'un decoupage en gradins engendre par le rejeu et la mul
tiplication des failles normales, paralleles aux levres des rifts (N.0° et N.30°). 
Certains plans de faille, poU:vant atteindre plusieurs dizaines de metres de haut, 
presentent une surface lisse, parfois striee, souvent exempte de precipitations de 
manganese, taus ces caracteres revelant un age recent. La base de ces parois ne 
porte pas d' eboul is a 1' exception de quelques blocs epars .. Seules les vases super
ficielles fournissent par eboulement des fragments de croilte reconstituant des 
pseudo-breches, peu epaisses et de faible etendue. 

La seconde est plus ancienne et d'age Miocene superieur certain. Elle est 
marquee par la grande structuration du rifting tyrrhenien et par la naissance des 
blocs bascules. Il en est resulte des falaises et des pentes rocheuses plus ou 
moins demantelees par 1' erosion, decoupees par des ravinaux ; des couloirs envases 
·et de nombreuses diaclases ouvertes. Toutes ces parois ont ete largement colonisees 
par des coraux ahermatypiques isoles, aujourd 'hui morts. Toutes les surfaces son,t 
egalement recouvertes d 'un enduit ferromanganique ayant fortement gene, voire in
terdit l' observation geologique. Mais le trait le plus constant observe par taus 
les scientifiques est certainement l 'abondance des manteaux brechiques qui coiffent 
taus les gradins et une partie des pentes (en dessous de 2600 m), avec une incli
naison variable depassant parfois 45 o. Ces breches, d 'epaisseur quelquefois plu
rimetrique, sont toutes fortement cimentees et constituees d. elements de dimension 
tres variee. On observe des ensembles a elements bien classes de taille moyenne 
pluricentimetrique, presentant une stratification frustre mais aussi des eboulis 
grossiers contenant des blocs de la taille du metre. Tous ces lithoclastes sent an
guleux, exception faite pour quelques formes arrondies, trop rares pour etre signi
ficatives. 

Ces observations, ainsi resumees, soulignent l'opposition apparente entre la 
rarete des breches recentes et 1 'abondance des breches plus anciennes, la cimenta· 
tion totale des premieres et la cimentation superficielle des secondes. De meme, 
on remarque que les breches anciennes reposent directement en discordance sur le 
substratum rocheux et sont retaillees a la verticale par les failles recentes. 

Il apparait hautement probable que tous les elements d'eboulis ont ete arra
ches aux versants et accumules en domaine continental, pendant la phase paroxysmale 
de rifting tortono-messinienne ou se structurent les reliefs de faille que nous 
decouvrons en plongee. L'abondance des tabliers de breches sur ces pentes depend 
d'un certain nombre de facteurs dont les plus importants sont : un demantellement 
intense des reliefs a la fin du Miocene (confirme par les recents forages ODP) ; une 
cimentation aerienne precedant une rapide immersion pliocene ; enfin, durant le 
Quaternaire, une faible degradation sous-marine due en partie a la repetition de 
processus de cimentation carbonatee superficielle durant les cycles glaciaires. 

** Campagne IFREMER-PIROCEAN 
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TECTONIQUE RECENTE D'UN BASSIN ARRIERE-ARC CCA"lPLEXE : L'EXEMPLE DE LA MER EGEE 

Laure MARTIN°, Jean MASCLE 0 et Denis LAJAT 0 0 

o Laboratoire de Geodynamique sous-Marine, B.P. 48, Villefranche-sur-Mer (France) 
S.N.E.A. (P), Les Allees, Pau (France) 

La Mer Egee est consideree par !a plupart des auteurs comme un bassin 

recent qui s'est cree depuis le Miocene superieur a !a fois sous, l'effet d'une 

distension importante (liee a Ia subductwn heHenique) et d'un mouvement 

general de decrochement entre !'Europe et le bloc egeen (expulse .latera

lement sous l'effet de Ia collision arabo-turque). 

Nous presentons les principaux resultats de !'analyse de nombreuses !ignes 

de sismique reflexion continue (dont certaines inedites) obtenues au niveau des 

trois grandes regions naturelles reconnues en Mer Egee: le Bassirf Egeen 

septentrional, Ia Mer Egee centrale, la Mer de Crete. 

- Le Bassin Egeen septentrional 

Un mouvement general de decrochement dextre, actif depuis le Pliocene 

inferieur' tel qu'il l'a ete propose par differents auteurs, semble pouvoir 

expliquer Ia majeure partie des elements structuraux observables le long de la 

frontiere entre la microplaque egeenne et !'Europe. Le fosse nord-egeen qui 

est constitue d'une serie de bassins en distension (a valeur de "pull apart 

basins") decales par des lineaments sensiblement ENE a WSW represente 

vraisemb!ablement Ia trace actuelle active de Ia zone de decrochement 

principal. La presence de grands bassins neogenes bordant !'Europe de la 

Macedoine a !'Ouest a la Thrace a !'Est, implique, succedant a une extension 

NW-:SE (d'age Miocene superieur) une nouvelle extension NE-SW accompagnant 

le mouvement decrochant. 

- La Mer de Crete 

Cette region offre surtout des exemp!es de structures en distension 

impliquant une ouverture progressive du bassin depuis le Miocene 'superieur. 

On remarque cependant une nette opposition entre un domaine occidental, 

plutot caracterise par une distension NE-SW affectant d'epaisses series neo

genes, et un domaine sud-oriental, d'extenslon plus reduite (l'essentiel de la 

region du Dodecannese) ou les structures dlstensives sont plutot d'orientation 

NE-SW. Cette difference implique un decouplage entre les deux regions ainsi 

qu'il l'a d'ailleurs deja ete postule. La configuration structurale as~ez com

plexe du bassin central de la Mer de Crete resulte probablement de !'inter

ference de directions caracteristiques de ces deux domaines d'extension 

differente ainsi que du passage d'une discontinuite structurale a caractere 

decrochant separant ces deux secteurs. 

- Le domaine egeen central 

Ce domaine limite au Sud par l'archipel des Cyclades ,offre egalement 

deux regions structurales bien .differenclees. Le long de la fa<;ade turque 

s'observe une serie d'accidents ENE-WSW qui pourraient correspondre a des 

couloirs coulissants recents. Ces faisceaux d'accidents se prolongent vraisem

blablement vers les grands grabens neogenes decoupant la bordure de la 

Turquie occidentale. Le long de la fa<;ade grecque, les directions d'accidents 

observables sont plutot d'orientation generale NW-SE (ce qui implique une 

distension NE-SW). L'interference progressive de ces deux directions (peut

etre de ces deux regimes de contraintes) NE-SW dominante a !'Est, •NW-SE 

dominante a !'Ouest, confere au domaine egeen central sa configuration 

actuelle et son decoupage en mosaique. 



G-VI2 
THE USE OF P-WAVE TIME RESIDUALS IN THE DETERMINATION 

OF THE UPPER MANTLE STRUCTURE IN THE AEGEAN AREA 

S.T. TASSOS 

National Observatory of Athens, Seismological Institute, 
P.O.B. 20048, Athens (Greece) 

A B S T R A C T 

Time residuals are a resu<lt of velocity anomalies, which are 

due to physical variations from an "average-norJTtal" model earth. 

These variations have to do with the structure and the properties 

of the rocks in the earthquake source , of the rocks in the wave 

patho:ay and of the rocks beneath the station. Absolute P-wave 

time residuals (observed minus calculated arrival time of P-waves) 

mainly reflect earthquake source anomalies, while relative time 

residuals (observed minus average residual of all stations for 

each event) , are used in order to determine velocity variations 

in the crust and upper mantle beneath the station. 

In this work, in order to determine the existence and the 

general spatial distribution of a Benioff zone in the south Aegean 

the following method was applied. 

In the beginning the stereographic projection of P-waves 

time residuals, of local intermediate depth earthquakes that be

long in one of the aroups (+1, +3) and (-1, -3), was done. Then, 

plane (al , which separates positive residuals from negative resid

uals for rays that pass through the high velocity zone, plane (13) , which 

separates these residuals from positive residuals of distant sta

tions and the azimuthal planes (y) and< (6), were determined. The 

inclination of plane (a) expresses the slope of the high velocity 

zone for each event. The average slope of the high velocity zone 

in the south Aegean was found to be 32°. 

N N 

N N 

The invers1.on method, with the use of relative P-wave time 

residuals from distant earthquakes, was applied in an attempt to 

qualitatively determine the crust and upper mantle structure in 

the north and south Aegean. The preliminary results show that a 

low-veloc1tv upper mantle characterizes the south Aegean, while 

in the north Aegean, the upper mantle has a hicher than "normal" 

ve1cc1ty< 

In conclusion it can be argued that, heat is the prevailing 

factor 1n the south Aegean (melting of the low density down9oing 

l1tnosphere and subsequent contamination of the upper mantle), 

wh1Le 1n the north Aegean the effect of pressure and compaction 

as a resuLt of tile upward movement of magma, do!'linates. 
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LA MER DE CRETE ET LE BASSIN D'AtrrALYA, DEUX BASSINS D'ARRif:RE-ARC? 

CCMPARAISON STRUCTURALE ET SEDIMENTAIRE 

Groupe MAC GAN° 0 

Les travaux anterieurement conduits en Medi terranee Orientale ont 

montre que les etudes tant structurales que sedimentaires dans les 

zones de compression ( Arc Hellenique, Arc Chypriote) etaient 

dif'f'iciles du f'ai t de 1 1 extr<~me complexi te resul tante des deformations 

tectoniques. Les zones d 1 arriere-arc se pr~tent mieux a 1 'analyse des 

deformations indui tes par la subduction de la plaque af'ricaine sous la 

plaque europeenne. 

Une mission (MAC GAN*) , a bard du N/o BANNOCK a ete condui te au 

cours des mois d 'Ao~t-Septembre 1986, mettant en oeuvre des moyens 

bathymetriques, sismiques, magnetometriques et des prelevements par 

carottage et dragage, dans deux morpho 1 ogi quemen t 

dif'f'erenciees, mais montrant des convergences evidentes: la Mer de 

Crete (Grece) et le Bassin d'Antalya (Turquie). 

La Mer de Crete est un bassin ouvert depuis 13 millions d 1 annees 

avec une periode de paroxisme au Serravallien-Tortonien. Ce bassin 

presente une disposition arquee avec deux extremi tes symethriques, 

encadrant une zone centrale au Nord de la Crete. L' extremi te orientale 

(Bassin de Karpathos) est dominee par des directions NNE-SSW et 

NNW-SSE qui paraissent controlees par 1 1 evolution de l 'Arc externe 

(seuils et 1les de Karpathos-Kassos). Cette zone a ete etudiee 

detail af'in d 1 analyser son f'onctionnement tectonique: existence et 

r~le d 1 un coulissement senes<tre NNE-SSW, r~le des deformations 

crus tales, modali tes de la distension recente, influence sur les 

remplissages neogene et quaternaire du bassin. 

Le Bassin d 1 Antalya peut ~tre considere, en prenant en compte 

certaines reconstructions, comme 1 1 homologue de la Mer de Crete, en 

arriere de 1 1 Arc Chypriote. Toutef'ois, les processus tectoniques 

apparaissent avec une plus grande complexi te du f'ai t que cet Arc 

resul te non seulement de la subduction Afrique-Europe, mais aussi 

d 1 une phenomene de collision au ni veau de la Turquie sud-orientale. La 

manifestation de cette complexi te se tradui t dans le Bassin d' Antalya 

par un f'aisceau de directions approximati vement N-S que paratt sui vre 

le Canyon d' Antalya. 

La mission MAC GAN s 'est attachee a def'inir les gran des lignes de 

cette analogie structurale, la comparaison des sequences 

sismostratigraphiques, la signification tectonique et sedimentaire du 

Canyon d 'Antalya, la liaison du C~ne d 'Antalya et du bassin prof'ond. 

Cette etude comparative permet d' approcher les mecanismes 

complexes de la subduction de la plaque af'ricaine sous la plaque 

europeenne, non point dans ses manifestations compressi ves, mais dans 

le mecanisme de distension d 'arriere-arc. 

La mission MAC GAN est f'inancee dans le cadre d' un "PROGETTO 

TRILATERALE" du C.N.R. italien et sostenue par l'Action de Stimulation 

C. E. E. "EURECOMARGE". 

Responsables du project MAC GAN 

S. ROSSI - chef' mission - Ist. Geol. Mar.- C.N.R., 

via Zamboni 65, Bologna (Italia); 

A. BRAMBATI - Ist. Geol. Universita, 

P.le Europa 1, Trieste (Italia); 

H. GOT - Lab. Geologie et Geochimie, 

Av. de Villeneuve, Perpignan (France); 

S.P. VARNAVAS - Dept. of' Geology, 

Patras (Greece) . 
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L£ PROLO~EMENT ET L

1 
INFLUENCE TECTONIQUE 

DE LA ZONE DE FAILLE NORD ANATOLIENNE DANS LA BAlE D' lZMIT 

Guven OZHAN 

MTA, Service de Sismique Marine, Ankara (Turquie) 

Afin de rechercher les branches de la Zone de Faille Nord 
Anatolienne une etude de sismique reflexion a ete realisee a bord 
de MTA S1SM1K 1, dans la Baie d'1zmit. Pendant les operations 
le positiennement en mer a ete assure par le systeme "Trisponder" 
avec 3 m derreur Un etinceleur a ete utilise pour 1' emission des 
ondes acoustiques. Lors de l'etude on a essay€ de modifier l'energie 
de 100 a 3000 joules par rapport aux vai-iations de la profondeur 
d'eau de fa~on a obtenir une bonne resolution. Une flute de 20m 
de long avec 20 hydrophones a ete utilise pour la reception des 
ondes relechies. L'echelle verticale sur les profils est de 500 ms 
sauf certains profils ou ceci etant choisi 250 ms. L'exageration 
verticale etait 13x pour ces parametres. 

Les profils ont permis de deceler les traits t·ectoniques 
dans labaie. Certains d'entre eux affectent le fond de lamer 
done ce sont des failles actives. Comme on observe sur la carte 
tectonique retablie d'apres !'interpretation de profils sismiques 
deux failles principales (1 et 2 sur la carte) affectent :!-a baie. 
Elles sont issues du mouvement de cisaillement et de dextre. Les 
forces de cisaillement ont provoque un effondrement du fond de la 
baie dans le sens est-ouest, egalement. La geometrie tectonique 
ainsi forme fait appel ala theorie "pull-apart". La sedimentation 
est controlee par le tectonisme actif meme de·nos jours. Les 
profils refletent aussi les variations de formations geologiques 
en dessous de sediments recent~. 

Selon les donnees il est evident que les failles 1 et 2 sont 
des prolangements de la Zone de Faille Nord Anatolienne ou 
s'exerc~ le cisallement actuel dans le sens est-ouest. 
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LE TECTONISME ACTIF DANS LA BAlE DE GEMLIK 

A LA LUMitRE DE DONNEES SISMIQUES RESOLUTIONS 

Giiven OZHAN 

MTA, Service de Sismique Marine, Ankara (Turquie) 

Les profils sismiques resolutions obtenus lors d '•me etude 
a bord de MTA S1SM1K 1 ont permis d'elucider la situation tectonique 
dans la Baie de Gemlik. 

Le po.sitionnement en mer a ete assure par le svsteme 
"Trisponder", Un etinceleur et une flute de 20 m de long ont ete 
utilises respectivement pour l'emission et la reception des ondes. 

Les formations geologiques au tour de la baie consistent 
en des roches plutoniques, metamorphiques, volcaniques et 
sedimentaires Des roches granitiques d'age Paleozoique, sous 
forme d'intrusion se montrent comme un socle acoustique en dessous 
des sediments plus recents. Cependant la determination du 
substratum n'est pas facile a partir de 300 ms sur les profils 
sismiques a cause de reflexions multiples. La resolution pour 
les sediments resents est assez bonne. 

D 'apres 11 edepoullement de pro fils le tectonisme dans la 
baie est assez complique. Certaines de traits tectoniques affectent 
le fond de la mer. Sur la carte tectonique les failles 1, 2 et 3 
sont des prolongements dela Lone de Faille Nord Anatolienne. Leurs 
activites en forces de cisaillement ont provoque une geometrie 
tectonique comliquee dans la baie. Les failles secondaires issues 
d'un mouvement dextre accompagnent les branches principales 
orientees de l'est-ouest. 
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AXIAL JUMP OF INCIPIENT SPREADING CENTER IN THE f'bRTHERN RED SEA 
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Evidence for the occurrence of an arcuate system of rifts and diapirs in the 
northern Red Sea was recently encountered. The system changes its trend 
northward from NNW-SSE to N-S to NNE-SSW, and extends from the Red Sea into the 
Gulf of Elat ('Aqaba), the southern segment of the Dead Sea rift. These rifts 
and diapirs are interpreted as products of the extensional tectonic regime in 
the northern Red Sea. Their trend is presumably normal to the extensional 
tectonic stress and parallel to the axis of the incipient spreading center 
there. The extensional tectonic regime is also indicated by a series of rifts 
and diapirs in the Dead Sea rift, oriented NNE-SSW, as well as by a series of 
systematic jointing of similar orientation, encountered along the western margin 
of the rift. All of these features are combined to indicate an extensional 
tectonic regime across the Dead Sea rift. 

The described findings suggest a new interpretation to the tectonic history 
of the seafloor spreading along the Red Sea. The evolution of the marine basin 
of the Red Sea started during the early middle Miocene. It was a rifted basin, 
associated with the separation between the Arabian plate and Africa and with the 
crustal thinning underneath the seafloor. The marine axial basin extended 
northwestwards to the Suez rift. During the early Pliocene, as oceanic crust 
started to accrete in the central Red Sea, the intensive tectonic activity of 
the Suez rift was terminated and the Dead Sea rift started to evolve, due to an 
axial jump of the incipient spreading center in the northern province of the Red 
Sea. Consequently, structures of Plio-Pleistocene age obtained an arcuate 
orientation, changing from the Red Sea - Suez trend to the Dead Sea trend. The 
recently encountered structures indicate that the extensional tectonic regime 
prevailing in the northern Red Sea has been effective in the Dead Sea rift as 
well since the Pliocene. Therefore we suggest that an incipient spreading 
center propagates northward from the Red Sea to the Dead Sea rift. 
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0 National Institute of Oceanography, Haifa {Israel) 
oo Woods Hole Oceanographic Institution, Woods Hole, Ma 02543 (U.S.A.) 

Rifts and diapirs are the dominant structures in the bathyal zone of the 
northern Red Sea, where commonly the diapirs ascend along normal faults 
associated with the rifts. The diapirs, in this manner, form elongated features 
exceeding lengths of 30 km and widths of 4 km. They also penetrate a 
sedimentary sequence of about 1000 m thickness or less, thicknesses generally 
considered to be barely adequate for the gravity conversion required to initiate 
diapiric motion. We suggest that the development of diapirs under these minimal 
overburden conditions was made possible by the high thermal gradients in the 
area, resulting from the underlying attenuated continental crust and the 
ascending mantle that prevail in the rift system of the northern Red Sea. 
Diapiric evolution was also dependent on the extensional tectonic regime) with 
its numerous norm.al faults, forming weaknesses along which the diapirs could 
rnove upwards .. 
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CRUSTAL STRUCTURE AND CRUSTAL DEVELOPMENT IN THE IoNIAN SEA 

K. LEISTER(1), J. MAKRIS(1), R. NICOLICH( 2 ) and D. RAMCKE(1) 

(1) Institute of Geophysics, University, Bundesstrasse 55, Hamburg (F.R.G.) 
(2) Istituto di Miniere e Geofisica Applicata, Piazzale Europa 1, Trieste 

(Italia) 

Using the published seismic data from the Ionian Sea and by 

reevaluating that part of them whose quality also permitted amplitudes 

to be taken into consideration, we developed two- and three-D 

density models of the Ionian Sea. Our results show that large parts 

of the Basin are floored by stretmed continental crust and that 

oceanic crust is encountered only at the deepest part of the Basin 

where the Bouguer gravity anomalies exceed 250 rnGal. Thus, we postu

late the existence of a very old passive margin which was subjected 

to subsidence over large periods of its geological history. 

Sedimentation is of the order of 6 to 8 krn and in post-alpine times 

an additional 4 krn of subsidence created the large bathymetric 

basins that can now be observed. Mantle p-wave velocity, the absence 

of any significant seismic activity and the very low heatflow 

values indicate that the deeper parts of the basin are not tectoni

cally active. The large scale subsidence may be associated with 

thermal instabilities in the Aegean and Thyrenian Seas, where high 

heat-.flow values and low vp-velocities indicate the existence of 

low density asthenosphere at relatively shallow depths. Tectonic 

implications and possible models will be discussed. 
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A RECENT SEDIMENTOLCGICAL STUDY IN Tf£ CRETAN SEA, 

AND SlM: TECTONIC IMPLICATIONS 

C. ANAGNOSTOU(l), L.G. GiJTz( 2 ) and A. SIOUIJ\.S(l) 

(1) National Center for Marine Research (EKOE), 
Ajios Kosmas, Ellinikon, Athens (Greece) 

(2) Institute of Geophysics, University, Bundesstrasse 
55, Hamburg (F .R.G.) 

During the research cruise "Sonne 41" in the southern Aegean Sea from 
26.3.1986 - 18.4.1986, data were collected :Ln order to carry out a 
geoiiDrphological and geological-sedimentological interpretation of the 
area. 

A lithoseismic structural. analysis provided infonnation on all geologi
cal elements (marked layers and their acoustic response, thickness and 
inclination. of the layers, fault surface, fault dip, value of the verti
cal dislocation) • Facial structures will also be discussed in this 
framework. The investigations included a facies-analysis of the Quater
nary sediments, which were sampled during the cruise using a piston 
core. 

In the survey area the post-alpidic development of the southern Aegean 
region is characterised tectonically by stretching, resulting in W-E 
trending graben and horst structures. The faulting zones are still 
active and determine the area's geoiiDrphology and sedimentary develop
ment. 

Two major W-E striking faults divide the area into three segments, 
which can be identified from north to south : 

Submarine plateau - Basin segment (Cretan Trough) -

Submarine plateau. 

The northern plateau includes the volcanic islands of Santorin, 
Christiani and Anafi, while the island of Crete belongs to the southern 
plateau. 

The horst-graben structures which run parallel to the main lines of 
disturbance can be traced in all three segments, but are IIDre pronounced 
and numerous in the Cretan Trough. 

Each of the three zones has its own characteristic pattern of sedimenta 
tion, which could be distinguished on the basis of different seismic -
features using 3.5 KHz SBP (= §.ub-,!!ottom-fnJfiler). A Map was compiled 
of the pronounced tec;:tonic and sedimentological features obtained along 
the N-S 3.5 KHz profiles. This map indicates the following E-w develop
ment in all three segments : 

South of Santorin on the northern plateau tectonic elements (e.g. di
sturbances) play only a minor role. West of Santorin on the other hand 
a horst structure, which widens westwards,is clearly being initiated. 

Two sedimentary facies can also be identified on the basis of acoustic 
response : 

South of Santorin a strong reflector was found and must be seen in CO:;! 

nection with the vo.lcanic activity on the islands. 
West of Santorin the plateau is characterized by an alternation of 
strong and weak reflectors which are for the main part horizontally 
layered, and can be traced both on the horst structure and in the zo
nes to the north and south of it. 

The following tectonic development can be identified from east to west 
in the basin segment, which formed the main part of the survey areas: 
a succession from north to south of graben-horst-graben-horst-graben. 
Of these the southerniOOst graben is the IIDSt pronounced. Further to 
the west it joins the iddle graben to form an extended graben-structu
re with a basin in the central part. 

This main basin, where water depths reach 1800 m, is submerged north
W'61St of Crete, and terminates further to the west. 

While to the east and to the west the 100rphology of horst and graben 
structures forms a strong relief, the basin is characterised by gentle 
100rphology with horizontal layering of constant thicknesses. 

The large scale horst and graben structures of the trough taper off 
to the west, where there is a transition to an area occupied by a larg< 
number of small horsts and grabens. On the southern plateau hardly any 
large-scale tectonic structures are t:o be found. A trough situated eas• 
of Crete forms with a large vertical displacement. 

In this area we generally find sediments characterised by an alterna
tion of different horizontally layered reflectors which, further to 
the west, subside gently northwards. 

These tht·ee main c!em~n::« ~-11~ ::heir cha..-actert'>t:ic tectonic development 
are also reflected in the geoiiDrphology. 

Submarine ridge and valleys striking W-E can be identified on the bath: 
metric map processed and plotted during the cruise. A detailed inter
pretation of the tectonic elements and syntectonic sedimentation in 
the Quaternary, and a discussion of the questions it raises are at pr!; 
sent being compiled. 

Samples were taken with a piston core in order to provide information 
on sedimentary development in the survey area. Three clay horizons can 
be macroscopically distinguished : ochre, siltic mud; rnulticolred, 
siltic mud; dark-grey mud. 

In the main basin all three are present in lithostractigraphic sequenc• 
with the dark-grey clay at the base. No dark-grey clay was found in th' 
area outside the main basin. In all samples irregular intervalations 
are formed by ashes and olive grey clays which are only a few ern to drn 
thick. It should ne noted that the intercalations of ash and clay, 
which must be seen in connection with the volcanic activity on Santori1 
Chris tinai and Anafi, can be traced as far as the area around northern 
Crete. 

A detailed sedirnen.tological, mineralogical and geochemical investigatic 
of the sediments is planned in order to obtain information on mineral 
trans formation and enrichment. 

This will also take into consideration pass ible activity in this tecto· 
nically active region. 



G-VI10 
A NEW GRAVI1Y AND MAGNETIC Sll.JDY OF THE fAST CRETAN SEA 

S. BRYLKA(l), M. HARTUNG(l), J. MAKRIS(l) and P. PAVLAKIS(Z) 

(1) Institute of Geophysics, University, Bundesstrasse 55, 
Hamburg (F .R.G.) 

(2) National Centre for Marine Research (EKOE), Ajios Kosmas, 
Ellinikon, Athens (Greece) 

In April 1986 a new geophysical study of the eastern Cretan Sea 

between the volcano of Santorin and Crete was conducted with 

the RV-Sonne. Aim of this study is to reevaluate the tectonic 

elements of the Cretan Sea and to establish their connection 

to the volcanic activity of the southern Aegean Sea. A t6tal of 

3600 km of bathymetry, gravity, magnetics, 3.5 KHz sediment 

echograph (subbottom profiler) and seabeam were recorded.The 

ship used integrated navigation consisting of GPS, transit 

satellite and Loran c. The positioning accuracy was better than 

± 50 m. The evaluation of the 3.5 KHz profiles and the bathymetry 

are discussed by Anagnostou et al. The results of all maps which 

have been processed and evaluated show significant differences 

from older surveys. In particular, the gravity and magnetic 

data demonstrate clearly that the new possibilities in 

navigation and modern geophysical instruments (e.g. the marine 

gra·1ity meter system KSS 30) permit accuracy comparable to 

land surveys, and much higher resolution of the different 

fields. This has consequences for the interpretation of previous 

surveys and for the detection of effects -v1hich had not been 

detected in the past. Accuracies of the new data and their 

differences from older data will be discussed. 
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G-VI11 
DEEP SEISMIC SOUNDINGS, CRUSTAL STRUCll.JRE 

AND TECTONICS OF THE CRETAN SEA, REVISED 

S. BRYLKA(l), M. HARTUNG(l), J. MAKRIS(l) and P. PAVLAKIS( 2 } 

(1) Institute of Geophysics, University, Bundesstrasse 55, 
Hamburg (F .R.G.) 

(2) National Centre for Marine Research (EKOE), Ajios Kosmas, 
Ellinikon, Athens (Greece) 

During the geophysical study of the Cretan Sea with the RV-Sonne 

in March 1986 the crustal structure alona. a NS profile was studied 

by deep seismic soundings. Along a 75 km line 15 Ocean Bottom 

Seismographs were deployed and 20ko/40kq shots fired at 600 m 

intervals. A large shot (80 kq dispersed charge) was fired at 

each end. In addition, the shallow structures were studied 

by covering the profile with airgun shots fired from 4 x 8 

litres at 2000 PSI. The shot spacing was 150 m, and both 

penetration and resolution were high enough to permit a reliable 

study of the sedimentary thickness and geometry of the basement. 

The results were compared to older studies and it could be 

established that the crust is stretched continental, and the 

Pn-velocity is lower than normal. However, due to the better 

resolution and measurement of the·sediments the new model differs 

from previous ones. The evaluation took both traveltimes and 

amplitude computations into consideration. The new models will 

be discussed in connection with the qravity and magnetic data. 

I 





H-1 
MO.RINE SAMPLit\G BY SOJBA DIVING 

2. SAMPLit\G PROCEil.IRES FOR TRACE METAL ANALYSIS OF SEDIMENTS FR<l'l 

THE NoRTHERN ADRIATIC 

D. MARTINCIC, G. KNIEWALD, Z. KOOKAL, Z. PEHAREC and M. BRANICA 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

Heavy metals are either known or strongly suspected as highly toxic 

substances. Although primarily of natural origin, anthropogenic influence may 

locally cause extreme elevation of heavy metal concentration levels in the ma

rine environment .. 

The investigations reported in this paper are part of an extensive 

national moni toi'ing program, intended to develop environmental management 

strategies, particularly with respect to pollution from land-based sources. 

Marine sampling methods for sediments, which are being currently applied 

are well documented in the literature. Most of them, however, use some kind 

of mechanical device (dredger etc.) and data on sampling techniques by scuba 

divers are very scarce. 

Our preliminary investigations of 

sampling procedures by diving have shown 

that they do not necessarily result in 

sample contamination ( 1). The sampling 

techniques described here were applied 

during the August 1985 cruise of R/V "Bios". 

Sediments were collected on 6 stations, 

covering three transects, as shown in 

Fig. l. Samples were retrieved by divers, 

using specially designed plexiglas corers 

fitted with screw-caps on both ends. The 

corer is inserted into the sediment, 

taking care not to disturb the unconsoli

dated upper layer of the core. In the 

laboratory, a 1 em thick section of this 

layer is separated and sieved. In order to 

eliminate grain size inf,l.uence, only the 

< 75 
1

um fraction is digested and analy

sed for metal content ( 2) . Cu, Pb, Cd, 

Zn and Hg are determined by atomic 

absorption spectrometry .(AAS). 

Fig. l. The area investigated: 

the Northern Adriatic 

The results obtained are shown in Table 1. The heavy metal concentrations 

are within the range of values for unpolluted sediments (with regard to these 
heavy metals) . 

Table 1. Heavy metal concentrations in sediment cores from the Northern 

Adriatic (August 1985 cruise of R/V "Bios"). Concentrations of 

Cd, Pb, Cu and Zn are in 
1

ug kg-1, for Hg in ng kg-1. 

Station Depth (m) Cd Pb Cu Zn Hg 

001 SJ 30 0.214 36.9 17.6 121.9 229 

007 SJ 30 0.143 26.0 10.2 80.1 114 

101 SJ 31 0.354 44.1 13.9 105.1 425 

107 SJ 36 0.136 27.9 11.1 75.7 136 

301 SJ 40 0.128 33.9 20.7 139.6 303 

311 SJ 46 0.202 38.0 16.4 101.0 238 

The primary advantages of the sampling technique described are 

a) the possibility of a critical evaluation of the sampling site by the 

diver, 

b) convenient retrieval of an undisturbed sediment core 

c) exclusion of visible benthic· species and other objects from the sample surface 

As this sampling method eliminates most of the contamination-prone 

sediment handling, it should prove particularly sui table for baseline 

studies, in aquatories of comparative shallowness such as the Northern 

Adriatic. One of the inherent limitations of this procedure is the risk of 

successive sampling at greater depths and the necessity to engage several 

trained divers under such circumstances. 

REFERENCES: 

1. Kniewald,G., Kwokal,Z., Peharec,Z. and Branica,M. Marine sampling by 

scuba diving. 1. Sampling of seawater for trace metal analysis. 

Rapp.Comm.int.Mer Medit. 29,6 (1985) 173 

2. Martincic,D., Kwokal,Z., May,K. and Branica,M. Trace metals in the 

Adriatic Sea. P2. Cu, Pb, Cd, Zn and Hg in sediments. 

Mar.Chem. (submitted for publication) 
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H-2 
THE FIELD METI-IJD OF "PLASTER BALLS" FOR WATER MJVEMENT ESTIMATES 

APPLIED TO POSIOONIA OCEANICA BEDS 

Maria cristina GAMBI 

Laboratorio di Ecologia del Benthos, 
Stazione Zoologica di Napoli, Ischia ( Italia} 

Here is described the application of the "plaster consumption" method, for measu
ring exposure to water movements (DOTY,l971; MUUS, 1974), to estimate exposure in 
Posidonia oceanica beds. The modifications of the original procedure were: 
a) "Scagliola 11 plaster (CaSO 4 2H 0) was used instead of 11plaster of Paris" (CaSO . 

l/2H
2

0) as the latter is not 
4
readily available in Italy. 4 

b)The plaster/water (freshwater) ratio was constant (50 gr X 45cc}. 
c) The duration of field exposure of plaster balls was selected after preliminary ex
periments in the field under different weather conditions. (The method has been descri-
bed in detail in GAMBI et al. , in press) . 

The aims of this investigation were: 
a) to describe the hydrodynamic flow pattern along the depth-gradient in a continuous 
Posidonia bed off Lacco Ameno (island of Ischia, Gulf of Naples), 
b) to record the differences between the top of the leaves and the base of the rhizo
mes due to the effects exerted by the Posidonia canopy on water movements. 

Plaster balls, encasing a thin steel bar (Fig .1) , were numbered, weighed and pla
ced at six different depths along the prairie and at two locations in the Posidonia 
canopy: about lOcm above the leaves, and at the base of the rhizomes, abou~m 
the bottom .(Fig.2}. The balls were placed on three different types of supports. 

Support A (Fig.3,A) was used to position balls above the leaves, and consisted of 
a flat iron bar (800mm long) joined by a plastic screw to a four-armed candelabrium 
of crossed copper-tubes. The thin steel bar of the ball was inserted into the copper
tube opening that contained "plasticine". This latter is very sui table because it 
does not harden in the water, although it assures a good fixation of the balls. 

The major problem in placing balls at the base of the rhizomes was to avoid pla
ster abrasion caused by contact between balls and plants. To overcome this difficul
ty , two types of supports were made with the same materials as support A,but dif
ferent in shape and size (Fig.3,B and C). 

Support B (Fig.3,B) was utilized in the deeper stands of the Posidonia prairie 
(from 30 to about 10m depth} where the shoot densities are generally not high and 
there is enough space among the rhizomes for four balls. 

Support C (Fig.3,C) held only one ball and was utilized in shallow Posidonia sta
nds (from about 6 to lm depth) where shoot densities are high and there is insuffi
cient space OO<J!& the rhizomes for more than one ball at time. The stem of support 
c· is only lOOmm long because the "matte" is difficult to penetrate at these depths. 

By SCUBA diving, the supports were hammered into the bottom taking care to avoia 
contact between balls and plants. 

The results· of preliminary experiments. are reported in GAMBI et al. (in press). 
Less than the 10% of the balls placed at the base of the rhizomes presented signs of 
abrasion, and the entity of abrasion was negligible. In general, plaster consumption 
decreased as a "power" function of water depth at both locations. However, the balls 
above the leaves were always more consumed than those at the rhizome level and signi
ficant differences, in ball weights, were found between the two locations (ANOVA, 
P<O.Ol). 

This first approach was encouraging. Further experiments will be conducted to im
prove this technique in order to better evaluate the role played by some phenological 
leaf parameters of Posidonia canopy in reducing hydrodynamism. If this method will be 
standardized, it can be used to compare the "exposure" of different prairie$,and so 
contribute to a better understanding of the influence of hydrodynamic energy on the 
structure of Posidonia oceanica beds. 

DOTY M.S. ,1971- Botanica ·Marina, 14:32-35. 

GAMBI M.C., BUIA M.C., CASOLA E., & SCARDI M. ,in press- Second International Workshop 
on Posidonia oceanica beds, Ischia, 1985, G. I. S. Posidonie publ. 
MUUS B.J., 1974- Sarsia, 34:61-68. 
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H-3 
IDENTIFICATION DES EMPREINTES DE GRANDE TAILLE DANS LES StDIMENTS PELAGIQUES 

Gilbert BELLAICHE 

Laboratoire de Geodynaroique Sous-Marine, B.P. 48, Villefranche-sur-Mer (France) 

Les observations directes des fonds marins, de plus en plus nombreuses, permettent de 
constater que les sediments de surface sont dans certaines zones intensement perturbes par des 
phenomenes de differente nature (bioturbation, activite tectonique, mouvements gravitaires, 
recherche oceanographique, activites industrielle et militaire). Mais !'identification precise des 
empreintes qui en resultent est souvent difficile a etablir surtout dans des regions ou ces 
differents types d'activites interferent. Nous avons cherche qu'eJJe etait l'origine exacte des 
entaiJJes de grande taiJJe tres caracteristiques .des sediments pelagiques d'un des domes de sel 
les plus importants de Mediterranee : le dome Alinat, mais retrouvees dans d'autres sites 
mediterraneens et en particulier au large de la Corse. 

1) Sur le dome Alinat 
Le dome Alinat est un grand diapir salifere recouvert par une boue pelagique. Des 

photographies prises par la troika ont revele sur ce dome a partir de 2630m jusqu'a son sommet 
(2685m) de nombreuses empreintes enigmatiques : iJ s'agit de profondes entaiJJes qui peuvent 
atteindre 1,50m de long, 30 a 50cm de large et dont Ia profondeur petit depasser 50cm. Le 
degre de fraicheur de ces empreintes est tres variable ainsi que leur forme qui n'est pas 
toujours rectiligne. Ces entaiJJes sont bordees de bourrelets sedimentaires tantot uniques tantot 
multiples dont les contours sont parfois creneles. Leur orientation est tres variable et leur 
nombre est maximum sur le sommet du dome ou leur densite confere au fond un aspect tres 
chaotique. 

2) Au large de Ia Corse 
a) Au large du golfe d' Ajaccio, les plongees en bathyscaphe Archimede ont perm is de 

constater, sur un promontoire qui culmine a 840m de profondeur, que le fond, recouvert d'une 
boue pelagique, porte des traces en forme d'entailles d'un plus d'un metre de long et bordees 
par des mottes de sediments. 

b) Sur les parois du canyon des Moines situe SW d' Ajaccio, en deux sites distincts de sa 
partie mediane (par 1520m et 1640m de profondeur), Ia soucoupe Cyana a photographie et filme 
des fonds sedimentaires pelagiques extremement remanies presentant de tres nombreuses 
depressions bordees de bourrelets, aux formes plus ou moins arrondies. 

c) Toujours dans le canyon des Moines dans sa partie distale au pied de sa paroi Sud, 
entre 1850m et 1950m de profondeur, les observations faites a bord de Ia soucoupe montrent 
que le sediment pelagique est intensement perturbe par une serie d'entailles profondes voire de 
sillons bordes de talus de vase, orientees en general dans le sens de Ia pente. Dans cette zone 
le sediment est egalement perfore par une serie de trous de tres grosse taille (plus de 30 a 
40cm de diametre) bordes en partie de tumuli de sediments. L 'ensemble de ces empreintes 
confere au fond un aspect extremement chaotique evoquant les sites precedents. 
Discussion : 
-----res empreintes les plus fraiches evoquent des traces dont l'origine peut etre soit 
tectonique ·soit animale. 

Les arguments en faveur de l'origine tectonique sont tires de Ia nature geologique de 
certains de ces sites : ainsi les sommet des domes de sel sont souvent le siege de phenomenes 

· distensifs lies a leur ascension et conduisant a. des failles .et des fissures ouvertes. Les 
observations in-situ dans les zones immergees soumises a de Ia tectonique en distension, teJJes 
que les rifts oceaniques, ont montre que Ia presence de fissures ouvertes se manifestait en 
surface, lorsque le fond etait recouvert de depots pelitiques, par des cuvettes d'effondrements 
isolees ou alignees pouvant conduire a de veritables entaiJJes amenagees dans le sediment. Or 
celles-ci offrent de nets elements de similitude avec les entailles observees sur le sommet du 
dome Alinat. Cependant, Ia presence tres marquee de bourrelets lateraux rend cette interpreta
tion difficile a retenir. 

Sur ce dome par exemple, !'existence des bourrelets, et le fait que les entailles donnent 
souvent !'impression que le fond a ete retourne comme par un "soc de charrue", plaident en 
faveur d'une origine liee a Ia vie animale. Cependant Ia responsabilite des animaux benthiques 
fouisseurs, dont l'activite est par ail!eurs tres intense sur ce type de fond, semble a ecarter 
pour des raisons d'echelle, de telles traces n'excedant que tres rarement la taille du decimetre. 
Ce n'est que recemment que nous avons decouvert sur un des films troika, un poisson d'environ 
50 a 70cm de long pose sur le fond qui s'est revele, apres agrandissement, devoir etre rattache 
a Ia famille des Macrurides. II pourrait s'agir soit de Coryphenoides guntheri, Chalinura mediter
ranea, Nezumia scherorhynchus, Coelorhynchus coelorhynchus, ou Trachyrhynchus trachyrhyn
chus. Ces poissons ont tous ete signales a de grandes profondeurs, vivent en Mediterranee ou 
leur taille varie entre 30cm et 7 5cm et sent bien adaptes a Ia vie fouisseuse grace a des 
particularites anatomiques telles par exemple qu'une bouche en forme de fer a cheval que !'on 
suppose pouvoir etre utilisee a Ia maniere d'une pelle pour rechercher les proies dans Ia vase 
ou pour ingerer le sediment de surface comme le font par exemple les Holothuries. Cependant 
les traces specifiques laissees par l'activite de tels organismes n'ont pas ete jusqu'ici reconnues 
de fa~on formelle dans les sediments. La presence, sur le dome Alinat, de ce poisson pourrait 
laisser supposer que les bouleversements du sediment de surface sont le resultat de son mode 
de vie particulier. Mais Ia largeur de ces trous et leur profondeur semblent incompatibles avec 
Ia forme et Ia taille plutot reduite de ces especes de poissons (poissons en forme d'anguilles). II 
faudrait done faire intervenir des animaux de plus grosse taille ayant le meme mode de vie. 

Or selon JOHNSON et NELSON, Ia baleine grise recherche sa nourriture dans le 
sediment qui est aspire puis expulse a travers ses fanons qui retiennent les amphipodes. A 
chaque bouchee de sediment Ia baleine laisse un trou ovale mesurant 0,5 a 4m de long, de 0,5 a 
2m de large et jusqu'a 40cm de profondeur. Ces trous sent tout a fait analogues, de par leurs 
dimensions, aux entailles signalees sur le dome Alinat. Ceci laisserait supposer que ces baleines 
seraient capables de plonger beaucoup plus profondement que !'on ne l'imaginait jusqu'a 
present. On les savait capables d'atteindre et de depasser lOOOm de profondeur mais Ia 
profondeur de 2630 metres parait tout a fait surprenante. Certains balenopteres vivant en 
Mediterranee • com me Balenoptera physalus ou Rorqual commun , pourraient a voir le me me 
comportement. 

Cependant, on ne peut tout a fait ecarter !'hypothese selon laquelle les traces observees 
dans les sediments pourraient etre attribuees a des animaux de grosse taille mais dont le mode 
de vie n'est pas forcement de rechercher leurs proies au sein meme du sediment. On sait 
notamment que le contenu stomacal des cachalots est parfois compose de gros volumes de 
boues pelagiques de l'ordre du metre cube. Or, ces mammiferes se nourrissent exclusivement de 
calmars, qui sent des animaux pelagiques. Selon D. VIALE (communication orale) ce pourrait 
etre en chassant a grande vitesse les calmars a proximite du fond que les cachalots 
heurteraient le sediment en y laissant leurs empreintes. On attribue d'autre part aux cachalots 
le pouvoir de plonger aussi profondement sinon plus que les baleines. Certains de ces 
mammiferes ont pu etre captures par des filins poses sur le fond a !200m de profondeur. Sur Ia 
pente continentale au large du Cap Cod, de larges entailles bordees de mattes de sediment leur 
avaient ete attribuees par !350m de fond. On sou~onne egalement ces mammiferes de 
labourer le sediment au moyen de leur machoire inferieure. 

Conclusions 
Les observations in situ realisees grace a Ia troika et a bord des submersibles ont permis 

de decouvrir en Mediterranee occidentale entre 840m et 2630m de profondeur des zones ou le 
sediment de surface est intensement perturbe par l'activite animale. La forme des traces 
observees laisse suggerer l'activite d'organismes affouillant le sediment soit pour l'ingerer soit 
pour y rechercher des proies ( tels certains Macrurides qui ont ete trouves dans ces zones). 
Cependant leurs dimensions et le degre de· bouleversement des fonds de certains de ces 
secteurs ne peuvent etre le fait que d'animaux de tres grosse taille, comme les Cetaces. Si 
cette hypothese se confirmait, elle serait de nature a modifier profondement les connaissances 
que nous avons de Ia physiologie de ces mammiferes. 

L 'association privilegiee, sur les hauts-fonds et les domes saliferes, des entailles laissees 
par les Cetaces avec des empreintes de taille plus reduite attribuables aux poissons fouisseurs 
s'explique par le fait qu'il s'agit Ia de biotopes oxygenes propices a Ia vie benthique. 

L'activite animale serait done a considerer, a l'instar des courants sous-marins, des 
phenomenes gravitaires ou de Ia tectonique, comme un important agent de fa~onnement des 
fonds sous-marins. Cette deduction rejoint celle deja faite par quelques auteurs qui lui avaient 
attribue un role majeur dans certains processus morphogenetiques, notamment dans le creuse
ment des canyons sous-marins. 
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ELEVAGE DE LOOPS (J)JCENTRARCI-IJS LABRAX) EN MER POOR DES ETuDES BIOCHIMIQUES 

FACILITES ET AVANT AGES APPORTES PAR L
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Dominique BEZARD 0 , Marc LAFAURIE 0 o, Jacques MAIGRET 0 et Philippe ROY 0 

0 Musee Oc€anographique, Monaco (Principaut€) 
oo Facult€ de M€.decine, Laboratoire de Pathologie Cellulaire et de G8.n€tique, 

Nice (France) 

Un organisme vivant est le siege d'Eichanges constants avec l'environnernent ; 
en particulier, il absorbe, transforme et as simile ou excrete un grand nombre de 
composes (aliments, produits toxiques, medicaments, polluants ... ) . Les mecanismes de 
l 'absorption et de la biotransformation jouent un role primordial dans l' adaptation, 
le developpement et la perenite de cet organisme dans son environnement. Un 
dysfonctionnement de ces processus peut se traduire par de graves alterations 
conduisant souvent a une tumorogenese. Il est done interessant d' etudier ces 
phenomenes integres au theme principal de recherche suivant : "Absorption des 
xenobiotiques' biotransformation et tumorogenese chez les poissons marins". 

Un certain nombre de criteres ont oriente le choix vers le loup 
(Dicentrarchus labrax) provenant d'entreprises d'aquaculture du Sud de la France 
(Balaruc-les-Bains, Salses) : leur origine genetique commune evite le polymorphisme 
genetique et en particulier l 'expression de phenotypes metaboliques differents ; 
leurs poids, taille, parametres physiologiques et biologiques sent standardises ; il 
existe une relative facilite d'approvisionnement ; les scientifiques marquent 
egalement leur interet pour entretenir des relations l' aquaculture 
professionnelle. 

Les chercheurs ont besoin, pour leur etude, d'une trentaine d'animaux tous 
les quinze jours. Compte tenu de la distance relativement importante entre le 
laboratoire et le fournisseur, il est hors de question de s' approvisionner 
requlierement en animaux. Il devient done necessaire de se procurer plusieurs 
centaines . d' individus a la fois' mais il faut alors une infrastructure d' elevage que 
le laboratoire ne possede pas et qu' il n' est pas realiste d' installer pour une telle 
etude. L' idee est alors venue d 'utiliser de" cages ilnmergees pour assurer le maintien 
de ces animaux dans de bonnes conditions. 

Afin de ne pas imposer aux animaux de "stress" suppH!mentaire qui pourrait 
resulter d'une manipulation des cages - toujours possible depuis la surface -, les 
plongeurs interviennent done dans cette operation pour 
- la mise en place des cages, 
- la distribution reguliere de nourriture, 
- et le prelevement des animaux. 

L' installation a une profondeur de 22 metres sur un fond vaso-detritique de 
cages circulaires de 2 metres de diametre et d'un metre de haut pouvant contenir 
facilement 300 poissons chacune, ne pose aucun probleme. 

La nourriture est distribuee deux fois par semaine sous forme de granules 
qu. on laisse tomber a travers la cage ; la seule precaution a prendre consiste a 
verser les granules lentement pour que les poissons puissent les manger car les loups 
ne se nourrissent qu' en pleine eau et tout ce qui tombe au fond est perdu. 

La capture se fait en anesthesiant les animaux et en les recuperant avec une 
epuisette grace a une ouverture d'environ· 0,3 m2 pratiquee dans la cage. 
L • anesthesiant actuellement utilise est la QUINALDINE diluee dans 3 volumes 
d • acetone, le tout dilue dans de l' eau de mer ; son effet dure 4 a 5 minutes mais il 
est bien certain que 1' efficacite est reduite lorsque le nombre des poissons diminue 
car il leur est alors beaucoup plus facile de s 'eloigner du nuage d' anesthesiant (a 
moins d'en verser des quantites excessives : n'oublions pas que les cages sent en 
pleine eau ! ) . 

Les animaux pris a l'epuisette sent regroupes dans un vivier que l'on 
remorque jusqu 'au port en le laissant a l' ilnmersion de 12 metres et que l 'on remonte 
tres progressivement (2 jours de i2 metres a la surface) ; on evite ainsi, 
principe, tout accident pouvant resulter d'une decompression brutale. 

OUtre le theme de recherche principal, le maintien en milieu connu et 
controle d'animaux de meme origine genetique, de taille et de poids standardises, 
ayant un meme regime nutritionnel pendant des periodes de deux a six mois' represente 
un ensemble de parametres experimentaux interessants pour l 'etude des variations de 
certains alteragenes (metaux lourds, pesticides, polluants, ... ) . 

De leur cote, les professionnels de l'aquaculture, pour qui le loup est une 
espece cornmercialement interessante, souhaitent faire tester par les scientifiques 
plusieurs regimes nutritionnels. 

Enfin, les plongeurs peuvent eventuellement etudier in-situ les effets de 
divers produits anesthesiant. 
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DEvELOPPEMENT DES TECHNIQUES DE PENETRATION ET DE TRAVAIL SOUS-MARIN 

EN ROUMANIE : LEUR UTILISATION POUR LA RECHERCHE SCIENTIFIQUE EN MER f'b!RE 

Dimitru DINU 

Institut Roumain de Recherches Marines, 
300 boulevard Lenin, Constantza {Roumanie} 

Les activites de plongee profonde en Roumanie ont debute en 1972 a 
l' Institut roumain de recherches marines de Constantza. Les travaux dans les domaines 
physiologique et technologique ont perrnis d' obtenir, en une courte periode, des 
resultats remarquables : experiences avec des "maisons sous la mer", plongee a 500 rn, 
appareillages et equipements de plongee. L' utilisation des techniques sous-marines 
pour la recherche scientifique en mer Noire represente une preoccupation importante 
et les chercheurs roumains experimentent diverses methodes dans ce but. 

On peut situer le dernarrage des activites de plongee profonde en Roumanie et 
des travaux systernatiques physiologiques et technologiques dans le dornaine sous-marin 
en 1972, date de la creation de l'Institut roumain de recherches marines. 

Dans le cadre d' un progranune initie par le Conseil national pour la science 
et la technologie, ont ete abordes plusieurs themes de recherches concretises par la 
realisation d. appareillage pour la penetration et le travail de 1' hornrne sous l. eau 
ainsi que par une serie de performances,' surprenantes quant a la nouveaute des 
preoccupations nationales, plac;:ant la Roumanie parmi les nations capables 
d. intervenir sous l. eau a grande profondeur. 

Ainsi, en 1974, a ete realisee la premiere plongee simulee avec melange 
heliox a SO m. En 1978, au large de la cote roumaine de la mer Noire, ont ete 
executees les premieres plongees reelles a 100 m grace a un melange de 10%02 et 90% 
He. En marne temps que les travaux sur les capacites d'effort et de resistance de 
l'organisme aux sollicitations psycho-physiques en milieu hyperbare, ont ete 
elaborees et verifiees, d'abord sur des anirnaux, puis sur des hornrnes, dans des 
conditions simulees, des tables de decompression pour des plongees avec melange 
suroxygene et heliox. 

Au Centre hyperbare de Constantza, on a effectue une serie de plongees 
simulees en saturation a grande profondeur (1981 : 300 m - 1982 : 350 m -
1983 : 450 m 1984 : 500 m). Les plongees ont ete priicedees de quelques 
experimentations avec des maisons subaquatiques. En 1970, dans le lac Bicaz, le 
Laboratoire LS 1 a accueilli une equipe d 'aquanautes qui ont passe 30 jours a 10 m. 
LS 1 a ete suivi par SALMO, descendu a 12m dans l'experimentation Necton 78. 

Dans le domaine de .1' appareillage de plongee, nous pouvons mentionner une 
serie d'outils pour les travaux sous-marins, un equipement de plongee autonome et 
profonde, ainsi que le lancement, en 1981, d'un submersible de recherche SC 200. 

Bien que le but principal de 1' activite de plongee soit le travail sous
marin, specialement dans le domaine du petrole "off-shore", on n'a pas cependant 
neglige l'utilisation des plongeurs et des appareils sous-marins pour la recherche 
scientifique en mer Noire. 

Ont ete effectuees, avec des appareils adaptes, des mesures "in-situ" des 
parametres physiques et chimiques du milieu marin. On a etudie le relief sous-marin, 
sa dynamique, les processus de sedimentologie contemporaine. 

En biologie, outre la mesure de caracteristiques biochimiques et 
biophysiques du milieu marin, ont ete faites des observations sur le comportement des 
organismes marins dans les conditions naturelles. On a suivi, en particulier, 
l'evolution de quelques especes en aquiculture et mariculture. 

L' experimentation et l' etalonnage des appareils oceanologiques ont ete 
realises en mettant au point des methodes sous-rnarines. 

Nous envisageons, pour la recherche, l' utilisation d' appareils sous-marins 
telecornrnandes, equipes de camera TV et de senseurs pour la mesure de parametres 
physico-chimiques. 

La participation directe du chercheur scientifique biologiste, hydrologiste 
ou geologue en plongee autonome, au a bard des submersibles, confere, evidernrnent, une 
nouvelle qualite a la recherche. L'ernploi du plongeur, cornrne interrnediaire, est faite 
d' apres un "know-how" concu attentivement pour eliminer les erreurs et pour deceler 
les aspects scientifiques interessants. 
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A NEW Ca-1PACT MINI-SUEW\RINE FOR ECOLOGICAL RESEARCH IN THE CONTINENTAL SHELF 
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SUMMARY 

The mini-submarine AHO 1, due to its compacteness, 
maneuvrability and high constructive technology, fully responds 
to the needs of the resecrcher who studies biotopes of the 
Continental Shelf and who wishes to Niden his hnmoJl edge, with the 
use of the '*direct techni qLte". 

In the field of underv-Jater research 11 in situ" there is a 
grovJi ng use to integrate a compl e>: of structLtres and vehicles 
SLtch as LmdervJater habitats, remote-control! ed vehicles and 
submarines as an addition to S.C. U. B. A. diving. 

All these devices allow man to avoid the well known 
inconveniences connected to e>:tended diving (WOODS LYTHGOE, 1971; 
OTT, 1973). This is particularly true for the middle and great 
depths where e;-:ploration and ecological research are as yet very 
difficult. 

The vehicle which vJe are presenting called "AHO 1" (Fig. 1) 
enters in the catEgory of mini-submarines and its use in 
undert--.Jater research at middle depth seems very promising, due to 
a series of inter·esting characteristics that v-Jill be 
discussed .. 

The design of the hull represents an ideal combination between 
a reduced dimension and performance. The overall measurements 
are in fact 211ZJ0 rpm <major- and also tr-ansverse diameter), 1750 mm 
and 1450 mm (respectively, minor- diameter and height), with a 

~~:~~:~ w:~~,I~~ ~:p{~"' i :g 2~~d m~ c~~:y~~~r~~~~~~~~ ~:r!~~m:~~e T~: 
the submarine is e~<tremely satisfactory, the handling is perfect 
in all directions (turns round a vertical a~·ds) .. As a planning 
choice, more importance "'Jas given to maneuvrabi l i ty rather than 
stability. The ma>:imum horizontal speed is 3-4 knots. The 
eccentric position of the dome, combined with that of the 
porthole, allovJ, a practically global vision of the external 
environment (visibility from the dome=360'; visibility from the 
porthole=16!Zl'), positioned in the dome in fa~t it is possible to 
see through the porthole. A mechanical arm with pincers allow 
the collection of samples; other devices such as nets, sampling 
bo>tes etc. can be attached .. 

We will now discuss the cqnstr-uctive characteristics and the 
mechanical and electrical systems. The hull is in carbon steel 

Fig. 1 The mini-submarine 

reinforced in relation to the distribution of pressure 
stresses. The hull 1 i es on a support that can absorb any 
undesired impacts. The propulsion is obtaiped with t•"o 5-speed 
engines of 711l0 L•J, run by two indipendent batteries of 142 Ah 
each. They also provide the energY. for two fi>:ed and one 
movable, spot lights, each of 50 W, ;nd for small internal uses .. 
A battery of 45 Ah sLtppl i es energy for the special apparatus on 
board which must not be disturbed by the engines. The endurance 
of the electrical plant is of about 5 hours. It is to be pointed 
out that all the electric circuits are e:·:pl osi on-proof. The 
service air, essentially needed for the variations of depth-level 
is supplied by four bottles at 211llll Ate: 10 litres for normal Ltse, 
10 for reserve, 20 for emergency (for a routine immersion 112l 
litres are needed) .. The respir_atory circuit is a closed circuit, 
with the reintegration of o>:ygen and fi>:ing of carbon dim:yde on 
soda lime. There are t~o-.;o battles of 5 litres each filled vJith 
therapeutic m:ygen at 2011l Ate. An el ectoni c oxygen analyser that 
controls an el ectroval ve regtdates the percentage of o>:ygen, but 
this can also be supplied manually. Autonomy without 
reintegration of oxygen is of about 311l minutes (600 litres of 
air). The percentage of m:ygen can be seen on a display and an 
alarm indicates a decrease to a critical level. The air 
circulation is ensured by a vefttilater run by an. induction engine 
to avoid sparks. The floating-thrust and depth level are 
regula ted by two hydrostatic trimmers. The tom diving-tanks have 
a complessive volume of 200 litres; each is divided in two 
compartments; ens·uri ng buoyancy on the surface: damage to one of 
the compartment determines a 25 'l. 1 oss of force~ 

Concerning the security devices, in addition to those already 
mentioned there is: a) a ballast \o"Ji th. manual 'or el ectr-opneumati c 
release; b) a "dead man" circuit; c) a signal buoy tl1at can pull 
a nylon cord, allot·Jing the attachment of a device connected to a 
steel cable to bring the submarine up to the surface; d) the 
possibility of abbandoning the vehicle after pressurization 
(eventually in Helium atmosphere). 

Concerning the scientific use, it can be observed that the 
submarine satisfies the needs o·f a research worker and due to the 
easy maneuvrrability it can be used by people not p.ar·ticularly 
trained~ Considering also the small dimensions and the light 
vJei ght, the vehicle can be easily transported in any place t.-Jhere 
experimentation is necessary .. 

From an ecological point of v1ew, the submarine appears 
suitable for e}:ploration and survey in the "Circalitoral Etage" 
especially on primary and secondary hard substr-ates (eg. 
documentation of the state of "coralligenous bioceosis"; census 
of c.oral population including collection of biometric data. of the 
coloniesi; the submarine is ideal for observation of the state 
and evoluton of the Posidonia oceanica beds and for ather 
e:<periments "in si tu"~--;;;;;;;;;:;j;;g -:;;--p;:;;longed study, of this 
Ecosystem .. 

OTT J .A .• 1973. Concepts of under·..water experimentation. Helgolander wiss. 
Meeresunters. 24, 54-77. 

1IOODS J.D., & LYTHGOE J.N. (Eds), 1971. 'Jnderwater science. Oxford Univ. 
Press, London, 330 pp, 
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1-l.MAN UNDERWATER PENETRATION - AN UOORTiiOOOX VIEW 

Iuliu Gavril MORARIU 

School of Kinesiology, Simon Fraser University, Burnaby, B.C. (Canada) 

We are living in a nonstop scientific revolution. Rapidly 
changing technologies daily challenge our personal knowledge. Our 
ability to adapt, remain competitive and survive is on trial everyday. 
No human activity is exempt. Everyone is affected including those 
involved in Human Underwater Penetration. Here, particularly in this 
highly specialized and exclusive field we are facing serious problems 
due to radical changes in methods and equipment. Even the attitudes 
towards the environment as well as customers' idiosyncrasies have 
lately undergone dramatic changes. And"by "customers" we mean not 
only big oil companies but also a vast array of beneficiaries, from 
the Sunday skin diver to the diving scientist, whose demands and goals 
defy imagination. If anything less than close attention is paid to 
long range planning and current developments we will fail in our 
search for solutions to such complex issues. Contrary to the current 
pragmatic approach a fundamental new, scientific method is needed. In 
this initial stage we present the state of the art, a sketch of 
emerging trends and suggestions for future development. 

The basic ideas for this study originate from observations of 
processes occurring all over the world. Diving communities are 
struggling with similar problems arising principally from two causes: 

1. a decreasing appeal for the use of divers in both industrial 
and scientific operations; 

2. the rapidly increasing use of Remote Operated Vehicles 
(ROV). 

During the last several decades underwater habitats and other 
saturation diving systems have played an important role. However many 
a hope laid on them has already evaporated. The advent of the 
microcomputer is revealing a different future. Underwater technology 
is going through the most dramatic change in its history by 
contemporary efforts to replace men with robots. The tribute paid by 
industrialists and scientists alike to the newly born generation of 
glittering "smart machines" is perhaps the most significant factor in 
divers' decline. Consequently the diving community, as it is 
currently conceived, is threatened with increasing unemployment, even 
extinction. This trend is aggravated by too many specialized schools 
yearly turning out scores of new divers in the old mould. 
Simultaneously a shortage of highly trained pilots for ROVs is felt, 
as no schools for them are in operation yet. Thus an inadequate 
education and many other obstacles are holding up the progress of 
those willing to adjust to this restless, developing domain. 

Screening the trends emerging from current diving practice brings 
additional information for future planning. However, complex, 
apparently unrelated factors may obscure our judgement. Fluctuating 
oil prices, ongoing talks regarding the sovereignty of the 
continental shelf and environmentalists• lobby against offshore 
drilling are a few such confusing elements. But regardless of their 
impact on public opinion these factors are not shaping the technology 
itself. At the human level one thing is sure: unless the diver is 
continuously upgrading himself and trying to become versatile he will 
be replaced by either a machine or a better trained colleague. This 
replacement will happen whether or not oil price changes. We 
ourselves won't witness the extinction of this ancient profession, of 
course. Those who advocate the uselessness of humans in underwater 
penetration exemplify how easily judgement can be deceived by 
misplaced enthusiasm. While ROVs will be seen in an increasing 
number, already discernible moves towards underwater harvesting, 
organized sea farming and underwater tourism will boost one-atmosphere 
habitats' development. And with the move from shallow to deeper 
waters, the one-atmosphere diving systems will inevitably give a new 
dimension to the human presence underwater. 

In considering effective solutions for future education, research 
and diving practice the first recommendation is for a major shift in 
the existing training system. The new technology requires specialists 
with technical skills and engineering knowledge. Consequently, in 
addition to his enthusiasm and ability to breath underwater, the new 
generation diver will need to be an engineering technologist. 
Therefore new schools are needed. Research is required to either 
adapt modern training apparatus, or to design original simulation 
systems for training ROV pilots. Unlike the present in-the-field 
training practice such a system will insure against costly failures. 
Furthermore ROVs still demand extended engineering research regarding 
their hydrodynamics, statics and dynamic stability. Extended research 
and testing is required also to update and reaccredit the one
atmosphere habitat concept. Thus theoretical work and "in situ" long
term experiments with such systems must be carried out jointly with 
fisheries and offshore drilling experts. 

Human Underwater Penetration by and large is responding 
erratically to profound technical and social changes. Scientific 
analysis and planning can head it effectively towards a flourishing 
future. The alternative could be either progressive extinction or 
technocratic aberration. Appropriate action is needed now, and it is 
up to us to take the required steps. 
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GEOPHYSICAL PROSPECTING METf{)DS APPLICATED TO BENTf{)NIC CARTOGRAPHY 

Victor DIAZ DEL RIO and Jorge REY 

Institute Espanol de Oceanografia, 
Laboratorio Oceanografico de F"uengirola, Apartado 285, Malaga (Espana) 

The poster synthesizes the different systems used to carry out the marine 
bottom"cartography in the bay of Palma (Baleares, Spain) where an extensive Posidonia 
prairie occurs .. 

The bay was prospected during an oceanographyc cruise. The interest was 
focused on the area between the coast line and the 35 bathymetric contour line. Four 
different methods were used : 
- Precision echosounder ( 35 kHz) 
- Sub-bottom profiler (3,5 kHz) 
- Side Scan Sonar ( 100 kHz) 
- Seismic reflection (Unibooni 300 joules). 

The seismic profiles were complemented with 321 Shipek samples and 30 piston 
cores. The shallow areas were mapped using vertical aerial photographs (black & 

white) 1:3000 scale. 

All these techniques provided a good mean for obtaining a detailed map of 
seagrasses and sand boundaries. A chart of the marine bottom features was drawn on 
1:20000 scale. This map shows the seagrass extension bathymetric contour lines and 
the different degraded zones. The results were optimal and it has been possible to 
compare the responses obtained by different tech_n_iqu.:.,_e------.l_s_. --,-----:-~ 

Figure : Situation of the surveyed area, 
presented in the poster. 
Dotted line indicates the limit 
of the bay. Dashed zone corres
ponds to the area prospected 
with Side Scan Sonar. 

The side scan sonar combined with sub-bottom profiler records provide a good 
tool to discriminate the rocky bed from the dense prairie : the acoustic response in 
the side scan sonar records could not distinguish these two zones. In particular the 
texture of the superficial sediments from the seismic records and sediment samples 
were considered. The side scan sonar and high resolution seismic reflection 
techniques ( 3, 5 kHz) are good tools to carry out studies on seagrasses and their 
relation ship with the substratum. 

Seagrass distribution and state of conservation were related with different 
environmental features : antropic impact, environmental pollution, sedimentary 
dynamic regime, bottom types and depth. 
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REPORT OF THE RECENT ZOOLOGICAL PUBLICATIONS (1978-1%) 

CONCERNit£ THE tASTERN MEDITERRANEAN ISLANDS, ESPECIALLY OF GREECE 

A. LEGAKIS 

Department of Biology, University of Crete, Iraklion (Greece} 

More than 300 publications containing references to the fauna of 

the eastern mediterranean islands have appeared in scientific journals 

since 1978. This report concerns mainly the islands of Greece since 

they are the majority among the islands of the eastern Mediterranean. 

A large number of these references, more than 100, are not 

exclusively devoted to the fauna of the islands but include revisions 

of species or families or papers on the fauna of Greece or larger 

regions. However, they were included in this report wince the 

researcher who wishes to find references on the presence of a 

~articular group in the islands will find them useful. 

Of those references that are exclusively devoted .to the fauna of 

the islands, the majoritv (3n%), deal with the island of Crete. Crete 

is after Cyprus, the second largest island of the eastern Mediterranean 

and the largest in Greece. It also attracts a very large number of 

tourists. Some of them certainly combine their vacation with collecting 

or observing the fauna of Crete. This fact is also e"ident from the 

large number of references from Rhodes and Corfu which are also 

traditional tourist centers~It must be noted here that the majority 

of papers o~ the fauna of Greece comes from non-Greek researchers, 

mainly German- speaking. 

The Cyclades islands, a group of more than 20 medium size and many 

more smaller islands, has also attracted many researchers ( 17% of the 

refe.rences). The Ionian islands on the western coast of Greece concern 

15% of the references. The most studied island of the Ionians is 

Corfu which is also the most visited. The Dodecanese in the south-east 

Aegean concern 13% of the references. The largest island of this group 

is Rhodes which has also most of the references. Finally, 11% of the 

references are about the fauna of the larger islands of the north and 

east Aegean, 5% about the Northern Sporades group and 3% about the 

islands of the Saronic gulf near Athens. 

If we look at the groups of animals studied, the birds involve 13% 

of the total number of references. A large percent of these references 

concern the biology ana ecology of Falco eleonorae and Calonectris 

diomedea by a group of German res·earcher~ in unspecified islets of 

the Aegean. Many references (11%), have been written about the reptiles 

and amphibians of the eastern mediterranean islands. These groups 

show interesting patterns of speciation. For example, Cyrtodactylus 

kotschyi has 35 subspecies in the Aegean. The Coleoptera, the .largest 

group, concerns 10% of the references while the Lepidoptera concern 

9% and the Mollusca 8%. Finally, the remaining 49% of the references 

scattered among the other groups of animals. 

An interesting observation is that although the number of articles 

has increased dramatically over the last thirty years, their content 

has not changed significantly. Most of them are descriptions of new 

species or new records for the islands. Only a small number are 

concerned with zoogeographical relations and even fewer offer 

explanations for the presence of some species in particular islands. 

Although recent evidence on the palaeozoogeography of the islands has 

thrown some light on their evolution, we are still lacking the ecologi

cal, prtlaeoecological, evolutionary, genetic and geological data that 

will enable us to provide a firm synthesis of the insular fauna of 

past and present. 
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DISTRIBUCION VERTICAL DE BRIOFITOS EPIFITOS 

SOBRE bUERCUS ILEX L. EN LA IsLA DE MAw:lRCA 
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Departament de Botanica, Facultad de Ciencies, 
Universita·t de les Illes Balears (Espana) 

l.<1 proS!l8C"Ci.6P hri.ol.Or:·i_cr-1 rea.l:i.zncl;::~ :;:ol'rP. r')(i 01tr.i.n:'1.R;P.n 1~ Sif"'

rrR Norte dP Na:tlorc:3,di6 como :rP.:=>ttlt;1clo (')1_ h0lla7.:'':-0 dP. 1g esp~

cies(1lJ mPsp·:of= v J1 b~DAf:i.cas).Se nntir6 11n {ndi_c/1 relai-.ivo de 

cohnr1:nr;') 0.11 e] r.r;qmo Yt?.rti.c:-11 r0:!1P\0ndido nntrr- l;1. hr"~S'?. del 

tronco v unFI all:nra ch-~ 1(:() cm.c.J-tvidido ?rbi.tr~.:r·i.<'nont:c c•t tr~f' 

tP.ndencias qne pres en tan las es~eci.r1s en 1 R oct•PC>ci6n de las d}.-

Se he; e le{':ido un encinar de let Sier1"n Nor l:e de Nil. ll oren, con

cretamente el d<>l prerlio de Son '·'i>ssip(UTi·l i!!~ 880:>l.si.l;uado a 

unos 000 111etros sohr~ el niv0l. de] liHl.r. 

Cada una d'? 1;:::\.S pqci.nas SP. h:~ invqntRT.~:ado riel si.t~.li .. AntP. morln: 

Se estrntiricn ql tronco 0n trns partes,siro1iendo la clAsicn zo

naci6n por Ju'\hitats(Vcm Ove 19211):h<~se(O-h0cm),suhm8dinnn(11Cl-8() 

em) y merli_n(80-l(}ocm). 

Se anotnron,in situ,pFirn cadn ''''"'de estns zonr1s.los tres bri6-

fi tos con mA.s r~Cltbrimien i:o y los ::tcompafian t:es. 

La elaboraci6n de los datos si(T,ue la· metodolo,,_.{a de Sb,d1ar(198-

2).s., ohtnvo,con el analisis c]., P.stos,el valor cl<> impo:Vtancia 

(IV)de las especies <>n cada estrato,el cun.l nos inf'orma del pa

pel,en cada h'bitat,de las esp~ctes con m's cobertura. 

Pore l.J:_~ !~·:J..~, &~ •la £~~pJ:~~. ~.l_o~~l?_Drli_~ il Uc ebrtll~. §_cor

£iri~ circin;,turn v T<:nrrn.:nchi'.!_lll_ ~~r_:!:_di~~:.-~'2: se encuentran loca

lizadas P.n la ha:Sf'".! de.l_ troncn,s-i_GlH:lo sus f"rpr.nP.nc;_PIR e IV m·uy 

hajos pnr lo ~Aneral. 

_1i.."':.~:2.~ .:~~.:e.~-~~~t::.?~': nr~~P.rt·f::::1,en 1.a has~ del t,--onco,valores re-

lativos dt1 coberturD al_tos,si_endo -='r.P.senr.:i.r.t P.n la ?.;Olla snbme-

T.,Ptl("'~<!~"'2 :=;~;_,1-roi.:~s_.!:'~I?.~-0~: ~~.:..~~~~~-i.:_ .. :'_::--_i;I."!_<:_!_1:~~~-n: .~'?-~;_0::;2~1-' 

!£.~ula la<>vi.n5.1<!: ~r to.F<Jl.~ rJ.ati.~Jprlln s<> hallan <> lo larg·o de 

los 1;reo; estratos deli.lll;_tados v su 1V es muv l>a.io en torlos cllos. 

Las resta1•tes esper:i.es 1 , de mayor :f:rP.r.:ttencia e:·loh!3.}., 1;j enel"l im

norl:anh,;s {nclices dn cohnrtPri'l r<>lativn(rv) ""•"l Ol1enos,11no de 

los estr'11:os .. ~.:_l...lnr!_~~ _d_~l_"_t."'_f~ . .': y !}_:::_1~1:'~t:2:.i.:£~ .£?:.:':::2.:~~~ presBn

t<=tn 1111 TV 1nf';~ nl"l:o n nt?djd:l fl11A noR alP.inmos riP lc bnse ciel tron-

co,per:fil ecoltS:~i.co di:ft?rente de Jlvl?~~ .~.:12.~:.?_\f'~~I'.!~~~,Jl_o_!~~~~-~

d'!...!:: SP.r}_£Z.l~ v }.:L_~t}~~ !:?_._!_~!..!.!.!..l.?~Y~~:.t_,qne dismintlV8n su importa-:-;

cia a l. aproximnrnos a ln zona Slll1f?o1-i.or dP.l tronco. 

Las trAs zonas en """ se hn dividido el tronco de 2~~ ~::. 

presentf1n dj "fernncias en Rl 1""~1J.''1~ro P. :i.mportr.~ncicl cl0 ln.s especies 

rrut6 cle 1'1s dtstint"s ~?rActer{sticas mtcroclimdticas qua Pro-

porcionFin los camhjos cl<J luminosidad.corteza,nutrientes etc. 

nrnLTOr.J;:A fo'T.A. 

-lbr){mnn,,J .. T.19'j8.PhytosocioJ.o~y and ecolo,<;y or cryptoP,"nm5.c epi-

phvtes. Vnn (~ork"'" f: r.omn. N. V., '\ssen. 

- Ove, P.Van.19211.1~coJ.o,<;ie des P.piphytes des troncs d'arbres au 

Con,o:o Bel~;Q. Rev. Gen. Hot. J!Op: I181-L190. 

- Stnrllar, S.~l.1982.llost speciricity of epiphytic bryoohytes ne;~,. 

Nount<~in J.nl<e,VirF,inin.. The Il!:yoJop;ist 85(1):37-')0. 

-Stucllar,S.H.1982.Silce~sion of epiphytic brvophvtes ne;,r Nonnta''' 

Lake.Vir,o:iniF~.The Tlrvo.l.o,o:ist 85(1):51-GJ. 

-Tewari,~L et al.l91;!.').1~pi.phvtic sucession on tree trunl,s in A 

mixed onk-cP.dar forest,li.wnaun Tlimnlnyr. .. ~,o:etatio,61:105-112. 

-Ynrr;,nton,G.!\.1972.Distri~'tion nnd sucession of epiphytic li

chens on black sprnce near Cochrane,Ontari.o.The UE_yoloe;ist, 

75:1162-1180. 
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DIYERSITE DES PSJ\MVOf>HYTES AUX PLPGES ET DUNES DE L' AACHIPEL AnRIATIQUE 

A.Z. LOVRIC 

Centre de Recherches Maritimes, Institut R. Bo:;kovic, Zagreb (Yougoslavie) 

Abstract : Psammophyte diversity in sand beaches an~ dune~ of 
the Adriatic Archipelago. In the Adriatic islands four ma:Ln zon:L~g 
types of the coastal sand vegetation occur: rudera~ n:Ltroh~l?phyv:LC 
one in the degraded beaches, and the natural ones :LD the s~lJ.ceous 
dunes of SE Adriatic in the mixed and in calcareous ones :Ln NE Adr
iatic. The last ones'are the most interesting for including endemic 
psammophytes, intertidal beech rocks, ~ransversa~ sif-dunes of the 
reddish sand, and alkaline beach bogs :Ln the hum:Lde slacks. 

Las psammophytes littoraux de l'Adrietique oriental etaient connm 
surtout des plsges degradees tandis que les donnees sur la vegetation 
naturelle des dunes siliceuses y etaient insuffisantes et sur les du
nes calcaires jusqu•a recemment presque absentes.Les sites tyPiques 
des sables littoraux en Archipel adriatique presentent una vegetatlin 
psammophile riche et diversifies en quatre tyPes principaux de la 
zonation maritime suivant la chimie du sable. 

l" Una zonation pauvre anthrol?ogene, independante de la lithologie 
du sable, est assez repandue recemment aux plages degradees et J?Ollu
ees le lone; de l'Adriatique oriental inclus une ceinture maritime de 
Euphorbio-Glaucietum flavi Hie,, une autre submaritirne de Salsolo
Xanthieturn st;rumarii Oberd, et enfin une palouse ruderale de 
Cynodonti-Flantaginetum coronoJ?i ( Eic:; Tx., borde a vers l' interieur 
par les fourres anthropogenes de Robinietalia Neuh. 

2 · Les dunes s i 1 i c a us e a en eli mat eumedi terrane en battues J?Br 
le vent du sirocco (SE) de la plaine mer sont le mieux conservees en 
Dalmatia meridionole, surtout a 1' S::le de !Ujet et plus fragmentaires 
aussi aux ilea de Korcula, Bisevo etc. Leur vegetation est semblable 
comma ailleurs en Mediterranee, inclus une plage boJ:<iante 8 sable 
maritime blancb~tre battuopar les houles avec 1 'Agropyreturn mt1tl.i ter
ranei Br.-Bl., puis les dunes mobiles balayees par le vent ove~ un 
Ammophiletum arundinaceoe Br. -Bl. et les depressions i.nterdunn:' ~.,,s 
htunides a Juncetum mari timi-acuti Hie. et en fin les dunes gris:J ~:res 
fixees S pelouses de J,aguro-Corynephoretum articulati Hie., borc.(:•3s 
vers 1' interieur par tm ecotone.frutescent d' Ephedro- Juniperetum 
lyciae Qu6z. et al. 

3· Un autre type de zo~ation se trouve aux plages de Dalmatia sep
.tentrionale (surtout S::le de Pag et peninsule de Ravni-Kotari) sur les 
sables mix t e s cslcareo-siliceux des cotes ~ flysch. lei les plsges 
bordantes presentent un Eriantho-Agrostietum maritimae (Hie.) Lo~ a 
Erianthus hostii 1 Agrostis stolonifera, Limonium oleifolium, Elyt~a 
pungens, .Centaur:Lum pulchellum etc, Vers l 'int6rieur suit un 
Limonio-Goniolimoneturn dalrnatici Hie. a plusieurs psammophytes endem
ique~: Goniolimon dalmaticum, Armaria dalmatica 1 Alyssum pagP.nse, 
Centaurea hutteri, Asperula rigens et Lirnoniurn dubium, Les pelouses 
sur sable fixoor\Helichryso-Artemisietum canescentis HicJ aont bord
ees vers l'interieur par un ecotonede Vitici-Tsmaricetum dalmaticae 
(Hie J JJov. Une vep;etation comparable se trouve aussi aux ilots sable
ux de loess (Susak Srakane, Ilovik et autres dans l'Archipel de 
Losinj) tr?:s expos~ en mer ouv8rte d'Adriotique superieur: une 
ceinture maritime frn~mentnire de Erinntho-Agrostieturn et puis vers 
1' intcrieur un Festuco-lmper8teturo cylindricae Hie. i\ Imperate cylind
rica, EriBnthus rnvennAe, pl.usieurs orchid.ees rncditerr,ncennes etc. 

4· Las dunes et psammophytes les plus interessants l87 taxonsdont 
14 endemiques) se trouvent sur les sables c a 1 c a i r e s des iles 
submediterraneennes en Golfe de Kvarner (Adriatique nord-est), sur
tout dana les dunes de "Zarok" en beie de Basks ~ 1' S::le de Krk. Ces 
dunes curieuses, ~ couleurs pittoresques accentuees par les mineraux 
ferrugineux (limonite, siderite, bauxite etc.), sont tr~s battues 
par les orages arides continentaux de la bora (du NE) et pour cela 
celles-ci sont parall~les au vent mais transversales a la cote - une 
formation comparable aux ·• s i f- dun e s" des sites orageux en Sahara. 

L' estran intertidal y inclut les gr~s de plage (beach rocks) a 
concretionnementa de Vermetus arenarius, La plage bordante ~ sable 
orange battu par les.houles orageuses de bora pr6sente une communau
te psammophile specials d' Arundino-Petasi tetum spurii Lo'\4 ~ Arundo 
pliniana, Petasites spuriua, Juncus litoralis, Elytrigia elongate, 
Centauriurn rhodense 1 Cichoriurn pumilum et Equisetum campanulatum. 
( faune: Tali trus br:Lani, Polyxenus lspidicola 1 Labidura ripe ria et l' 
oiaeau nidifiant Merops apiaster). Les sif-dunes rouge~tres a cr~tes 
mobiles aiguisees atteignant1a hauteur de 30m, presentent le biotope 
distinctif d'un assemblage luxuriant de psammophytes endemiques 
de Hedraiantho~Leucanthemetum platylepidis Lov, a Leucanthemum pla
tylepis, Hedraianthus pichleri, Iris marchesettii, Allium visianii, 
A~perula borbasiana, Artemisia biasolettiena, Centaurea aliena, 
M:Lcrorrhinum aschersonii, Senecio fluminensis, Vincetoxicum croatic
um etc, (fauna- oiseaux nidifiants: Caprimulgus meridionalis et 
Galerida cristata). 

Les depressions humides interdunaires contiennent les enclaves 
origi~ales des tourbi~res alcalines sur un tuff calcaire spongieux, 
produ:Lt par la communaute endemique de Drepanoclado- Centaureetum 
approxi~atae Lo~ ~ Centaurea approximate, Cirsium brachycephalum, 
Aster l:Lburnicus, Iloloschoenus australis, Baldellia ranunculoides, 
But?mu~ junceus, Epipactis palustris croissant sur un tapis epais 
mou:Llle ~es mousses calciphiles telles que Drepanocladus sduncus 
ver. kne:L~fii, Didymodon tophaceus, Eucladium angustifolium etc. 
Ces tourb:Ler~ dune~res rcnferment aussi les pozzines suintantes 
marquees par; la predominance cl' Adiantum capillus-veneris (Em•bynchl£•
-Adiantetum NeclJ. Faune: Bufo viridis et Emberiza calandra nidifiant. 

Les sif-dunes passent en arri~re aux replats fixes du sable brun 
J;Iurnifere, couvert par lEE pelouses d' Ononidi-Brometum condensati Hie, 
:Lnclus Ononis antiquorum, Onobrychis srenaria, Stachys subcrenata, 
Astragalus monspessulanus ssp. illyricus, Asperula scabra, Orchis 
frsgrans etc. {Faune: oiseau nidifiant Alauda arvensis). Vers l' 
interieur de 1' ile ces pelouses soot bordees par un ecotonefrutesc
ent de Rubo dalmatini-Viticetum Lak, ~ Vitex sgnus-castus 1 Lyciurn 
europaeum 1 Rubus ulmifolius ssp. dalmatinus, Dittrichia v:Lscosa etc. 
(Faune: 01seaux nidifiants Gettis cetti et I~ppolais.pallida). 

Conservation: Plusieus sites des dunes siliceuses o psammophytes 
usuels rnediterraneens des rivae;es yougoslaves sont conserves dans 
les reserves li ttorsles ( iles de Rab, Bisevo, Mljet etc.) tendis que 
celles plus riches calcAires a psammopbytes enderniques ne le sont 
pas et ainsi celles-ci bien plus precieuses,sont en fnit CXposees 8 
une dee;rarl.ation inqni6blllte et 8 1' cxp8nsion d 'une v6got8tion plus 
bilnnJe d'orir;inc Rnthropnr;cn<>.. C'cst pollrquoi l' urr:;ence d' une 
conservAtion affiance du site le plus pr6cieux des sif-dnnes rouges 
et de lenrs nombr0ux enrl6miqn0.~ ~n bnic de Bofkn s'0;,t ~nrtout 
imr>osee. 
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THE RISKS OF DISAPPEARANCE OF THE MARITIME FLORA IN THE NORTH COAST OF (RETE 

Z. KIPRIOTAKIS 

Department of Public Gardens, Iraclion Municipality, Crete (Greece} 

Crete is known for :its rich flora. There arc 20!~ taxa. 10~. of 

thcsc nrc endemics, a high nt11nl>er in cotnp;:Jr:ison with other countries of 

Europe. For example Grent Britain lws the same' number (Zl:l3) of plants 

with Crete. Cyprus, 1·ildclt has an equal ure<J 11ith Crete, has only lZB~ 

plants and Sardenia .is double the are:J of Crete and hus 1625 plants. 

The richness of pl:1nts in Crete is due to geographic, geological 

nnd sociologicaJ reasons. 1\J so Cn."te has a big variety of biotopes. 

111 this resc:nch, I have stuchcd the north coast of central 

Crete (Nomos of lr:1clion). Jt lws a Jenr.th of(,:, km and half of thC'se 

inc-Jude roc-ky co;tsts ;1nd the to~<n of lr:~cl ion and the villages. ln 

th:is coast thcre arc :1hout. 9S spcc-ics of native plants. 

The first plant ~<hiclt is under tlncat is !:_!1ocn.ix !:~phrasti. 

lt is found in the Stalis H'f!ion where there is a group of 100 plants. 

SomC' o' these hnve already hC'en c-ut:. l';~ved paths and slto~<crs havC' hecn 

constructed among the trces. This region is the secontl most important 

nftC'r the originill region in cast Crete (Locus classicus). Prof. Greuter 

has en tcred it in the red data book with thc letter V (vulner~ble). 

1\nother e11dangered plant is l'ancrntium ~1_~~~.Thirty years ago 

there were a lot of th('se cast and 1-I('St of lrnklio. Now there ;,re only 

a feN plants in AmmotHlnrn beach and the St:;~Jis region. 1\Jso there are 

more plnnts in the ~1;~l1ia rC'gion. This lilly has a strong ;noma. On 

account of this it lws 1 ived unt·il to<by. SheplH•rds say that sheep dont 

gr;~ze thC' flm<Prs hccause of its strong sme11. T h;~ve seen men ~<ho 

collec-t cut flm<ers or hulhs for their !Fl.l'dens. The above t~<o pl~nts 

are protected by ];~~< in Greece. 

/\not her plant is ·r·lesetubrranthemum ':..l:.YStal in~t~. There arc only a 

few plnnts in tNo !'oints of the seaside. f<~~~ l!!aritima is found in 

three points of the SC'asidc. I_IXl'~~~ Jl!:.'?.cubcn~ .is found in only tHo 

regions. !::.avatcra sp. mayhc a new taxon for Europe and there arc only 

3 individual plants. lt is not k11o~<n if it is 11ative or ornamental 

wh·ich has escaped from ~~anli-ns. Tlw rrsc:nch on this plant has not 

finishf't1 vrt. This i~ :tl;.n :111 rJHl:ln~~f'rrd pl:tnt. 

A11 thr al1nvr plnnl~ :tnd nthC"r pr>rrnni:!l•; ;Jr{" UJ!d,~r cnnt·inll:tl 

risks of vanishing due to the destruction of the1r habitat by human 

activities. A lot of buildings are near the wave line and have been 

built illegaly. The use of herbicides in the cultivations kills the 

native plants. There are such cultivations thirty meters from the wave 

line. A great number of people visit the seaside every summer because 

half of the inhabitants of Crete live in tht> Iraklion area and also 

because a lot of foreign tourists come to Iraklion in the summer. 

A great problem is the cleaning of the beaches. Tractors collect 

rubish and bulbs all together. Almost all dunes have been levelled 

and the destruction of the biotopes continues. 

The authorities are aware of these problems and some proter~tive 

measures have been taken the last few years. llowever, in some cases 

we may have reached a point where it will not be possible to save 

some species. Hore strict protective measures are immediately necessary. 
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PRODUCTIVITE DU CHENE KERMtS (tlJERCUS COCCIFERA) 

D1 UN fWYGANA !NSULAIRE CNAxos, CYCLADES) 

Georgios TSIOURLIS 

Universit€: d' Ath€mes 1 Section Ecologie-Taxonomie, Athenes (Grece) 

Introduction Le biotope ctudic est un phrygana compose de dix 
especes vegetales caracterise h Gsnista acanthoclados et ~~ 
~apitatu_:'l_. Il est situe sur la plirtie Est de l'1le de Naxos a.alimat 
m<l'diterraneen sub-aride (la presentation de. la station fut fa1 te 
lors d'une COllllllW1ication au C.I.E:.S.lll.,I985, voir reference). 
Le phrygana recouvre 40% du sol rouge nu§diterraneen tnonque (absence 
d 'horizon humifere) et dans les conditions habituelles de paturage 
par les ohevres (charge: 3ch/ha) presente une phytomasse de l0,9t/ha 
repar tie en 7, 9 t/ha de phytolllasse aerienne et 3, Ot souterrainc · 

Dans le present article nous nous attachons b. presenter 1' evolu
tion de la phytomasse du chene J~:erme s sur deux ans a pres la mise en 
defens d'w1e partie de phrygana. Les donnees relcvces apres I7 (TI) 
et 21\ mois ('1'2) d'absence de pt'tturage permettent d'estimer de mani
ere pratique la productivite primaire du kennes qui est dans sa plus 
grande partie consouuuee par les caprins. 

Phytomasse 'J~() (mai I9Uil) Le chene lcermcs est un des principaux· 
consti tuants :Y;sgetaux de notre station, il recouvre 4, 5% du sol, et 
est l'espece la plus pilturee, et ce en toute saison par les chevres. 
Il se presente sous la forme de buissons de 30 em de hauteur Jlloyen
ne "taille,-," de pres. La phytomasse aerienne (poids sec) au m2 de 
recouvrement veg<\tal uniforme est cle 2352 g repartie on 327 g de 
feuilles et 2025 g d'organes ligneux. La litiere au sol est quasi 
inexistante. 

J.'l ( oc tobre 1955) No us observons dans 1 'enclos un 
developpem<;!nt spec taculaire <1u ltermes, se ·traduisant par un foison
Hement d11 feuillage e t une multiplication des petits rameaux, la 
hauteur moye11ne variant peu mais nous notons la presence de nombr
euses tigeR (IO-I5/m2) pointa.nt de GO a 90 em de hauteur. 
La phytomasse drHerminee est de D6il g/m2 de feuilles et 27 34 g/m2 
de bois soi t 359D g de phy to masse aerienne au m2. La li tiere au sol 
est de 296 g d'organes ligneux e·t 5JG g de feuilles. 

.'.CZ.. (mai I9BG) Le ch€ne se presente sous le meme 
as pee t qu' en 'l'l, avec pour caracteristique le culrninemcnt i1 I m des 
tiges extraites de la formation buissonneuse. La phytomasse est de 
I002 g/m2 de feuilles et de. 2B65 ,o;/w? d'organes ligneux, soit un 
total de 386·( g/m2. J,a li tiero au· sol se compose de 992 g/m2 de 
feuilles et 256 g/w2 de bois (notons que la litiere de bois est plus 
sujet a variation de earn~ en earn\ d'echnntillonnage). 

Productivit6 Apres I7 mois, <1qu:Lvalent h deux p<!riodes de crois
sance prononcees en cJ.imat · Jll{,<.li. l:erran0en ( printemps, automne), no us 
oons ~a tons un nccroi nsr>menl; clr> l<t phy ~a masse de 5.3% et 6~, 5% a pres 
24 mois. J,n phy l:om:1sse nh·i.r>nne ~otnle vnrie de 2, 35 lct~/m::> h 3, GO 
et ) 7n7 Jcr~/111? renpn~~t:.iV~'"'IBf' .. nl;· .. 
J,':i.1npor·b1nr;P dPr-; fPui_L.lP.:i :;ur~ .1 'rn?.Clllldn rl0 ·1:1 pllytomnssc vnr:l.c clc 
wani<\cp prr:v-isiiJJp crois"mli;C': dr. Hi· ('1.'0) ;\!I} ('1'1) et ?(i;/• ('1'2). 
Ces n§sultats traduisent une augmentation de 200% de la phytomasse 
foliaire initiale. 

En adaptant nos n\sultats sur un delai annuel nous obtonons une 
augmentation de la phytomasse de la premiere annee, apres mise en 
defens, de 379 g de feuilles sur pied et de 500,5 g de bois. 
I.a deuxieme annee, pour sa part, presente w1e productivite de feuil
les de 296 g et de bois de 339,5 g. 

Ce sont des productivites elevees montrant bien l'influence du 
pliturage par·les chevres. La deuxieme annee presente une productivite 
moindre dO.e certainement aux effets cl'une Sf~cheresse hi vernale excep
·tionnelle e t d 'autre part, mon·tre peut etre les signes precurseurs 
d'w1 ra lentissement du rythme de croissance, souvent observable dans 
les formations vegctales liberees. d •un stress (feu, p~Hurage). 

La productivitc mmuelle du lcermcs est done de 500 g d'organes 
pererme s la premiere annee et 340 g la deuxieme mmee avec des li ti
eres correspondantes de 587 g et 624 g au m2. 

Pour sa part la c;arrigue franr;aise 21 kermes (I m de hauteur) a 
uno productivi te aunuelle de II() g de ma bere perenne/m2 et 230 g de 
litiere (napp, 1971). D'autre pnrt des formations analogues en Cali
fornie et Australie, les chaparrals et malees respectivement, pres-\ 
entent une productivite variant cle su a I50 g/m2/an dans les dix 
premieres anncos de leur developpemerrt (Specht, 1969). 
A titre in<.lieatif eitous une productivite cl'un pllrygana r;rec mais de 
constitution diffcr-ente ( £h1Q.l!li?_[r~lli2.§ et fulphorlJ~cantQ.:tham·'
nos), de 202 g/m2/an d' organnes perennes et une litiere de 2IO fJill2/ 
an (!Hargaris, I975, cite par Mooney, I9tli). 

Nous constatons que la productivit~ du chene kerm~s (Quercus coc
cifern) libere de l'action du pilturage pnr les chevres est plus ele
vee que cells d'<IUtres fonnations analogues mais nous pouvons nous 
anendre 8. une stabilisatiou du rytlunc cle croissance de la producti
vi te It une vrlleur leg~remen t plus faible. 

J_t_~fereE_~oo_ 
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Goo<lall :1nd H.J,. Specht. l•:Jsovier,Amstcrdam, pp. 219-255 
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ETuDE BlOSYSTEMATIQUE D' ANTHYLLIS HYSTRIX DE r1INORQUE 

ET D'A, HERMANNIAE DE LA ~1EDITERRANEE ORIENTALE ET CHITRALE 

M.A. CAROONA(l), J. CONTANDRIOPOULOS( 2) et E. SIERRA RAFOLS(J) 

(1) Departament de Botanica, Universitat Autonoma de Barcelona, 
Barcelona (Espana) 

(2) Laboratoire de Cytotaxonomie Vegetale, Universi te de 
Provence, Marseille (France) 

(3) Institut Botanic de Barcelona, Barcelona (Espana) 

~-
Les auteurs ont effectue 1' etude morphologique ( cf. tableau), caryologique, ecolo

gique, phytosociologique, biogeographique et nomenclatural d'Anthyllis hystrix (Willk. 
ex Bare. ) Cardona, Contandriopoulos et Sierra, endemique de Minorque, et d 'A. herman
niae L. 8. distribution m8di terran€enne disj ointe: M8di terranee orientale, Corse, Sar
daigne. Cette etude montre les differences et les etroi tes relations phylogenetiques 
et paleogeographiques existent entre ces deux taxons. A. hystrix (2n=84) est un dode
caploi:de ·fortement apparente a A. hermanniae (2n=14) .--npe;:;t etre considere comme 
un apoend8mique de ce dernier et la differenciation apparait comme fort ancienne. 
Cette forte modification genotypique est acompagnee de changements phenotypiques appa
rents et constants qui nous ont permis d 1 e1ever au rang d' espece 1 1 end€!mique minor
caine et d 1 interpreter les nombreuses confusions nomenclaturales liees a ce taxon. 

Binome: Anthyllis hystrix (Willk. ex Bare.) M.A. Cardona, J. Contandriopoulos et 
E. Sierra, Taxon 32:324, 1983). 

Non AnthYfiTS hystrix Sweet'· Hort. Brit. : 114, 1827, nom. mud. 

Basiononyme: Anthyllis hermanniae L. var. hystrix Willkomm ex Barcelo, Flora de 
las Islas Baleares: 112, 1879-81. ---

Synonymes: A. hermanniae L. subsp. hystrix ( Willk. ex Bare. ) 0. de Bolos et J. 
Vigo, Butll.Inst.Cat.Hist.Cat. 38 (Sec.B~7l, 1974. 

A. aspalathi "sensu Calm. non D.C .. 11 , A. horrida Pourret ex Calm. 1 A. spinosissima 
Pourret ex Colmeiro, Enurneraci6n y revis~s plantas de la Peninsula Hispano
Lusitanica e Islas Baleares 2:114, 1986, (pro syn.). 

A. hermanniae L. var. mul ticaulis Pau, Bull. A cad. Intern. Geogr. Bot. .!:§_ ( 205-206) : 
75, 1906 excl.syn. Genista mul ticaulis Lam. 

A. multicaulis Pau, Broteria, Ser.Bot. g:114-115, 1926, excl.syn. Genista multi
caulis Lam. 

Conclusions. 

Genista multicaulis Lam. et Anthyllis hystrix sont deux espikes differentes, si 
est ce que la premiere existe ( cf. page 17). 

Anthyllis hystrix est etroi tement localisee a Minorque. Ses affinites les plus 
proches sont avec Anthyllis hermanniae dont l 'aire tres vaste et disjointe s' etend 
du bassin m€di terraneen oriental au sud de 1' Italie, 8. la Sicile, 8. la Corse et 8. 
la Sardaigna. 

Ce deus especes nettement apparentees different done par des caracteres morpholo
giques etpar leurs nombres chromosomiques 1 n;;7 chez A. hermanniae et n;;;:42 chez A. 
hystrix. Ces differences justifient, a nos yeux, un statut sp€:cifique pour l'endemi
que de Minorque. 

Tableau comparatif des caracteres morphologiques d' 

Anthyllis hystrix 

Sous-arbrisseau toujours en coussi
net; 25-50 (60) em; a rameaux tres 
tortueux, se terminant par des epines 
fortement piquantes. Fig. 1, 2a. 

Rameux feuilles et floriferes si tues 
dans le 1/4 - ( 1/6) superieur de la 
plante. Fig. 1. 

Feuilles al ternes, distiques, a gaine 
semi-amplexicaule formee par le sou
dre des stipules et du petiole. Fig. 
2b, c, d, e. 

Folioles 1, tres rarement 3, line
aires-lanceolees, aiglies. Fig. 2c, d, 
e, f, g. 

Fleurs solitaires, tres rarement 2; 
4-5.5 mm; brievment pedicel.lees (1-
-1.2 mm); genouillees apres l'an
these. Fig. 3a, k. 

Brae tees florales souvent absentes. 
Fig. 3a. 

Calice campanule pubescent (1.8-3 mm) 
a dents triangulaires subulees ou mu
cronees. Fig. 3b, c, k. 

Corolle jaune: etendard (4-5 mm), ca
rene, androcee et gynecee (3-3.5 mm). 
Fig. 3d, e, f, g, h. 

Gousse monosperme, obovale un peu com
primee lateralement, brievment stipi
t€e, vein€e et exserte du cal ice per
sistant. Fig. 3i, j, k. 

Anthyllis hermanniae 

Sous-arbrisseau parfois + en coussi
net; 40-70 em; a rameaux Plus bu mains 
tortueux, plus ou mains spinescents, 
epines mains piquantes. Fig. 4. 

Id. 3/4 - 5/6. Fig. 4. 

Id. Fig. 5. 

Folioles 3( 1), tres rarement 5, spatu
l€es, obtuses. Fig. 5a, b, c, d. 

Fleurs rarement solitaires generale
ment en grappes courtes ombelliformes 
a 2-4 (5-6) fleurs ( 6-9 mm) ; pedi
celles tres courts (1.5-2 mm). Fig. 4, 
5e, f. 

Bract8es florales glandulaires noires 
et generalement reniformes. Fig. 5e. 

Cal ice tubuleux-campanule, pubescent 
(3.5-5 mm) a dents lineaires-lanceo
lees aiglies. Fig. 5e, f. 

Id.: etendard (7-9.5 mm), carene andro
cee et gynecee (5-6. 5 mm) . 

Gousse id. 

I 
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LE PEUPLEMENT NEMATODIGLJE M.JSCICOLE DES lLES BALEARES 

Enrique GADEA 

Departement de Zoologie, Universi te, Barcelone (Espagne) 

SUMMARY 

Some considerations are exposed in this paper on the 
behaviour of nematoda in the moss inhabiting in relation 
to the bryofaunistic inhabiting of the Mediterranean is
lands, taking as exemple the Balearic Is. due to its geo
logical and geographical peculiarities, which are ideal 
for this type of insular researchs. 

RESUMEN 

Se expone algunas consideraciones sobre el comporta
miento de los nematodes en el poblamiento de los musgos, 
en relaci6n con la cuesti6n del poblamiento faunfstico bri-
6filo de las islas mediterraneas, tomando como ejemplo las 
Baleares, QUe por sus particularidades geol6gicas y geogra
ficas se prestan a estudios de poblamiento insular. 

Dans cette communicatiqn se trouvent exposees quelQues 
considerations sur le comportement des nematodes dans le 
peuplement des mousses, en relation avec la QUestion gene
rale du peuplement faunistiQUe bryophile des iles medite
rraneennes et en utilisant comme exemple les Baleares. Par 
leurs particularites geologiques et geographiques, ces !les 
semblent se pr~ter a des etudes sur la faune et le peuple
ment insulaires. 

Les mousses constituent un milieu ecologiQue tres par
ticulier, avec une microfaune tres caracteristiQue de type 
hydrophile, formee principalement par des thecamoebiens, 
des rotiferes, des tardigrades et des nematodes. Ces der
niei·s representent une · partie tres importante de cette mi
crofaune. Il est essentiel de tenir compte QUe dans ce mi
lieu les elements de la microfaune ont ordinairement une 
grande ... anciennete et stabili te, avec un potentiel de vari-
ation tres petit, sinon presque nul. A. cet ega.rd les tles 
se comportent, du point de vue de la nematofaune muscicole 
de la m~me fagon que les zones du continent ou les condi
tions ecologiques sont les m~mes. 

Si on appliQue ces considerations aux 1les Baleares, 
On constate QUe dans ces milieux insulaires la faune nema
dologiQUe bryophile se cow portent comme nous l 'avons di t ci
dessus. La nematofaune muscicole de MinorQue offre dans 
la partie septentrionale des COmmunautes identiQUeS a eel
lea de la region du Cap de Creus et de Banyuls, dont les 
conditions ecologiQues et pedologiQues sont semblables. 
Par contre, dans toute l'ile de MajorQue, dans un milieu 
calcaire, la nematofaune bryophile rappelle celle des sols 
calcaires de la peninsule iberiQue et d'autres contrees eu
ropee~~es: il s'agit exactement des m~mes especes et des 
m~mes communautes, sans aucun endemisme. Dans l'archipel 
des Pithyuses et dans le petite 1le de Cabrera on peut 
constater la m~me chose. 

En genera::t,cdans ces 1les il para1t y avoir une se
lection des formes de la nematofaune bryophile du conti
nent conditionnee par le milieu, c'est a dire, par des 
facteurs simplement d'ordre ecologiQue, mais sans pheno
menes de speciation, avec une tendance vers l'uniformite 
dans les milieus bryophitiQUeS a conditions ecologiQUeS 
identiQues. 

Tous c.es resultats et considerations semblent nous 
indiQUer que, pour la faune nematodologiQUe muscicole, il 
n 'existe pas un vrai probleme d 'insulari te, au moi:.fLS dans 
un sens. biogeographiQue, dans les Baleares. 
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GADEA, E. - 1962. Nematodes brioedaficos de la isla de Me
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TEMPORAL VARIATION AND SPATIAL DISTRIBUTION OF GROUND CoLEOPTERA 

IN AN INSULAR MEDITERRANEAN ECOSYSTEM (CYCLADES Is., GREECE) 

A. TRIHAS and A. LEGAKIS 

Department of Biology, University of Crete, Iraklion {Greece) 

Introduction ------
Very few facts are known about the ground fauna of meditr~rroneon 

ecosystems and especially of the eastern mediterranean regions. Most 

of the data concern systematic and faunistic· studies, carried out by 

foreign researchers who make short collecting trips. 

The present s tu<iy attempts to give a first view on the fauna 

of ground-living Coleoptera of an insular medit. ecosystem situated 

on the island of Naxos in the Cyclades Is. This study is part of the 

research project 11 Structure and energy flow in Aegean insular eco

systems" carried out by the Sect. of ecology and Taxonomy of the Univ. 

of Athens and partly financed by the EEC. 

Site description 

The ecosystf:!m under study is situated in the eastern part of 

Naxos island, on a calcareous substrate, composed mainly of rocks 

qf medium to lnrge siz~: The vegetation consists of Juniperus 

phoenicea ( 37°o cover.), Olea europaea s i lvestris ( 8 ~cover) and 

~stacia lentiscus (7% cover). A large proportion (47%) is open 

ground cont.=~ining various herbaceous species. Human interference 

expresses itself mainly by grazing from goa·::-s. The climate of Naxos 

can be considered as temperate to maritime with an annual range 

of temper. of about 13°C. 

t1aterials and methods 

forty pitfall traps (6cm. i.d., Scm depth) were placed 

throughout the ecosystem unl'i~r the three dominant species and in 

the open ground. The contents were collected each month from 

April 1982 to April 1983. 

Result~ 

The number of ground Coleoptera species that Here caught was 

66. The dominant families both in r:umber of species in number of 

individuals are Carabidae, Staphylinidae, Tenebrionid9e, Scarabaeidae 

and Curculionidae. Al8o the fam. DasytirJne~ Anthicidae and Ptinidae, 

although poor 1n numbers of species, have a very high number of 

individuals during some months. 

Seasonal varii!tion: Th.e greatest number of individuals has been 

caught during spring and in the middle to late autumn. 

In particular, Carabidae have a high number of individuals in 

May with a second peak in October. Tenebrionidae appeared to be 

active between Kay and June. Curculionidae ·had a long period of 

activity both in spring an<i autumn. Scarabaeidae had t«o totally 

different peaks, early spring and late autumn. Staphylinidae have 

a long but low activity during spring and appear in high numbers 

in November and December. Of particular interest was the high 

population number of Dasytidae, Anthicidae and Ptinidae during May 

and their almost total absense durin:s the rest of the year. Other 

smaller families were poorly represented in the samples 'throughout 

the year. 

Spatial distribution: 1\s regards the habitat preferences of the 

beetles, a slight migration seems to take place from one microhabitat 

to another as climatic conditions change. This is most obvious in 

the cases of Carabidae and Tenebrionidae. During May they are active 

in the open ground and under the drier ~~· When temperature 

increases in \Junr.\ they are found preferably under the more dense 

and humid Pista.ci~ and Juniperus. The sarne trend is obvious with 

Carabidae, Curculionidae and Staphylinidae during October and 

Novemher. finally flasytidae and Anthicidae appear mainly .in the 

open ground and under Ole~ during their short presence in 11ay. 

Conclusions 

The lack of information and publi:-:hP.d results are indicative of 

the problem one is fn:(:.ed with, t-~hen sturiying the ground bP.etles of 

ins. rnf:!dit. Pcosystems. It is therefore difficult to compare our 

reslllts with those from otl1P.r similar ecosystAms. I! ow ever compar:i sor1:: 

with temp~rate forest ecosystems show simi.l.::tr activities (e.g. 

Carahidae) in conifProus forests nnd in our m8di t. shrublands. Slight 

differer1ces arp evidPnt bPtween rlecirluotlS forests and rnedit. eco

systems ~nd consist of~ lower activity during Autumn in tl1e former. 

StAphyliniclae on the other hand reach . ., peak .earlier in decitluous 

forests contrary to rnedit.shrublands. The Tenebrionic1ae and Scara

baeidae are more thf:'rmophilous and xprophilous families so they 

more active in the mArlit. ocosystPm~. Ground living Curculionidae 

are a.lso \'Prv r-'lr,.. in 1-,nmpr>rn.te for~sts but th0y v-rAr0 nor in our 
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L'IMPORTANCE BICX3ECXJRAPHIQUE DES ~THOPTERES DE lA CRETE 

EN RElATI<X'l AVEC LES REGIONS AVOISINANTES 

D. KOLLAROS et A. LEGAKIS 

D€partement de Biologie, Universit€ de Cr€:te, Iraklion (GrEce) 

La f'rete est une region importante pour la biogeographie des plantes 

et des animaux. Par exemple il y a un grand nombre des plantes end€.miques. 

Pendant la Miocene la Cr€te .2tait, comme les aspects r€.cents supportent, 

1' endroi t le plus meridional d' un grand continent, l' Egi?ide. Au cours 

de temps, la mer a remplie la partie sud-ouest de l' Egeide et elle a 

separe la Crete du Peloponnese du sud. Ensuite, la Crete a etait isolee des 

Cyclades et finalement du Dodecanese. Comme le nivaeu de la mer a continue 

de manter, il a provoque la creation des quatres iles correspondantes aux 

massifs de nos jours. Enfin, c' eta it en Pleistocene que la mer a redescendu 

au niveau present. Les 5000 derniers ans, 1' homme a intensifie sa presence 

sur 1' ile. Il a coupe les forets, il a cultive la terre etc. Ainsi, il a 

beaucoup change l' environnement naturel. La situation presente des peuplements 

de l' ile est le resultat de ces processus paleogeographiques et ecologiques. 

Les -or-rhopteres se trouven1: parmi les groupes les plus etudies en 

Crete. La recente publication synthetique de F. Willemse ( 1984), · nous a donne 

1' occasion d' a voir une image tot ale de 1' ortopt€:rofaune de 1' ile. Les 

membres de groupe des orthopteres sont en general des bans migrateurs. Mais 

il y a des esp€ces,. comme les cavernicoles et les apt€:res, qui ne traver sent 

pas de grandes distances. C' est pour ca qu' ils offrent de bonnes indications 

pour la resolution du probleme des relations biogeographiques de la Crete avec 

d' autres regions. 

La faune des ortopteres de la Crete est constituee de 65 especes sur 

un nombre total de 313 especes por toute la Grece, c' est a dire 21%. Ces especes 

sont partagees entre 25 subfamilles et 8 familles. 

Les especes de la Crete se caracterisent par des differents types d·e 

repartition. On peut distinguer les especes endemiques sui vies des especes 

palearctiques du sud - ethiopiennes, des especes palearctiques du sud et des 

especes mediterranneennes. L' absence totale d' especes centroeuropeennes et 

boreales est caracteristique. Ainsi 1' orthopterofaune de la Crete est 

caracterisi§e surtout par des 818ments meridionaux. 

Les 15 especes endemiques de la Crete constituent un pourcentage eleve, 

c' est a dire 23%, de toutes les especes de 1' ile. Si 1' on fait comparer 

avec des regions voisines, on verra que le pourcentage de la Crete est assez 

different de plusieurs autres regions. Aussi un petit pourcentage (4.6%) d' 

especes a une repartition egeenne. Le plus grand pourcentage d' especes de la 

Crete a une large repartition dans toute la. Grece. Ainsi 58% de ces especes 

se rencontre aussi dans quatre autres regions de la Grece, au mains. 

Parmi les 15 especes· endemiques- de la Crete, les 9 especes sont monticoles, 

puisq' elles se trouvent exclusivement dans des grandes altitudes. Nous pouvons 

probablement considerer ces 9 especes comme des relictes des quatres iles qui 

constituaient la Crete pendant la Pliocene. Aussi il y a 5 especes cavernicoles 

dent chacune se trouve dans un petit nombre de grottes. Elles sont aussi des 

relictes d' une faune plus ancienne et plus repandue. Finalement, une espece 

n t appartient pas a aucune cas. 

En ce qui concerne la repartition des especes endemiques dans la Crete 

on peut dist inguer: 3 especes presentes dans les quatres massifs, 1 dans les 

deux occidentaux, 3 dans les Lefka Ori et 2 dans 1' Ida. Une des especes 

cavernicoles se trouve dans les deux nomoi orientaux et les quatres autres 

ont une repartition restreinte, se rencontrant chacune dans chacun de quatre 

nomoi. 

La comparaison des orthopteres de la Crete avec ceux des regions 

voisines ( Peloponese, Sterea Hellas, Cyclades, iles d' Egee du Nord, Dodecanese) 

revele que la Crete possede la plus grande similitude zoogeographique avec les 

ensembles insulaires les plus proches (Cyclades, Dodecanese). La plus petite 

similitude concerne la Crete et la Sterea Hellas. 

Si on examine plus specialement les relations entre la Crete et chacune 

des iles une a une, on constate que les iles qui ont le plus grand nombre d' 

especes communes avec la Crete sont dans 1' ordre Rhodes, Carpathos, Cos, 

Lesbos. L' existence d' un nombre eleve d' especes communes est du a des facteurs 

tels que la superficie des iles et leur distance de la Crete. La date de la 

separation do it €videmment jouer un rOle. Ainsi, pour ce qui est des compartiments 

les plus proches, on sai t que la Crete s ' est toute d' abord separee du 

Peloponese, ensui te des Cyclades et enfin du Dodecanese. Ainsi, comme nous 

connaissons, la distance entre le Peloponese et la Crete est plus faible que 

celle qui separe la Crete des Cyclades mais la similitude du Peloponese avec 

la Crete est plus faible. 
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ECOLCX3ICAL AND FAUNISTIC INVESTIGATIONS OF CAVE fll:;, PARASKEVI 

NEAR SKOTEINO ((RETE, GREECE) 

K. PARAGAMIAN and A. LEGAKIS 

Department· of Biology, University of Crete, Irak.lion (Greece) 

Introduction 

Greece is an important karstic region since limestone rocks 

comprise 60-65% of its surface. Up to now, 9000 karst:ic forms have 

been recorded. Crete is exceptionally rich in karstic f"orms. Although 

it has only 6% of the total surface of Greece, it has more than 30% 

of its caves. 3200 karstic forms have been recorded !?O far from Crete. 

The cave fauna of Greece has not been studied sufficiently. Only 

3% of the total known caves has been prospected so far. New species 

are continuously being discovered. However, little or nO data exist 

on the ecology of greek caves. The present communica-tion attempts to 

present a first report on such investigation in a cave of Crete. 

The cave of P.g. Paraskevi is near the village of Skoteino, east 

of the city of Iraklio in central Crete. Before the entrance to the 

cave, a doline has been formed by the fall of part of the roof. The 

cave itself consists of tree zones: the entrance, the variable tempe

rature-twilight zone which is a large room 13lJm long and 33m wide, 

and the constant temperature-dark zone, a smaller room, 18xl2.5x12m. 

Both thP large entrance and the spacious room after it cause 

significant fluctuations in t~mperature and humidity as they are 

readily connected with the outside. These fluctuations are more 

pronounced near the entrance but diminish towards the dark end. 

Helati.ve humidity starts at 55% at the entrance and reaches SQ?a 

the end of the large room. The dark room has a more or less constant 

humidity of 90'L 

Ecological notes 

The doline is the immediate external environment of the cave and 

therefore it interacts with both the cave i1:self and the surroundings. 

These are very degraded due to overgrazing. On the contrary, the 

vegetation of the dol:inf> is very :rich. Dominant plants are Pinus 

brut:iE:~.' !._<:~~~-~.! sp. nnrl ~~J~~ sp. rive species of bird.s \<~ere observed 

nestinr. jn thP cln}:inP. Six morP wprp ohsprvPd fr-:-c-d:inr. onJv. The most 

obllnd.-snt ~pr-ri('~ ir; fn~ser dom('.:::t)C'l!~ w·i1·h 1r~o-?nO inclividunJ;.. 

Finally, five mammal species have been observed in the doline. 

The entrance zone connects the main cave with the outside. It 

has a rich vegetation. On the walls inside there are many nests of 

R· domesticus. One characteristic animal of this zone is the Ortho

pteran Troglophi1us sp. This was the only zone where it was observed. 

It frequented the most humid part of t·he entrance. It is nocturnal and 

during thE! day it stays under stones. Other interesting inhabitants 

of the entrance are one isopod species., the coleopteran Blaps sp., 

the spider Tegenaria ferruginea and the diplopod Acanthopetalum 

furculigerum. 

The variable temperature zone includes the largest part of the 

The only birds nesting in this zone are Columba livia. Under 

their 3 nests large heaps of guano have been formed. These heaps are 

where most of th·o arthropods of this zone live. On the heaps were 

observed Discoptila lindbergi, I.· ferruginea, Blaps sp. and !':.· furcu

ligerum. 

The constant temperature zone is where most of the troglobionts 

live. The most abundant arthropod in this zone was Schizidium 

perplexum. The population of this blind isopod, estimated by eight 

1m
2 

quadrats, was appr. 450 adult individuals. Also abundant was 

the Orthopteran Dolichopoda paraskevi with an estimated population 

(mark-recapture method) of 200-500 individuals .The spider Minotauria 

attemsi was almost confined to this zone. Finally, in this zone nested 

appr. 50 Rhinolophus hipposideros ba1:s. 

Conclusions 

The ecology of the cave of Ag. Paraskevi has some very interesting 

points. The fact that it is well delimited into three distinctive zones 

is obvious in the differentiation of the animals that live in it. 

This zonation is more evident in the case of the Orthopterans, the 

spiders, the isopods and the bats. In the three arthropod groups, each 

species is more or less confined to a particular zone and is exploiting 

its resources. Wherever two species of the same group are found in the 

same part, they differ in their habits and therefore minimize compe

tition. 

Some of the animals living in the cave have a systematic and bio

geographic interest. The genus Troglophilus has 3 species recorded from 

Crete. The C09Ve ;;pec.:ies is :intermediate between two of them. The 

dipluran Cnmpodeida€' sp. and thA diplopod PoJydesmid~ sp. have not bPer. 

rPrordPd from Crete ~nrl may be new spP<'ies. The other diplope>d, ~~ . 

.!j_Jrcul iff'!.:'~~ , i !"'. r>nriPmi <: (lf Cr0te. 
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EVOLUTION ANf\UELLE DE CERTAINS PEUPLEMENTS D'ART!-ROPODES EDAPHIQUES 

DANS TROIS ECOSYSTEMES INSULAIRES DE LA MER EGEE 

K. RADEA, A. MARMARI, L. PARASCHI et J. MATSAKIS 

Departement de Biologie (Ecologie-Taxonomie), 
Universi te d 'Athenes, Panepistimioupolis, Athenes (Grece) 

Des pr~levements mensuels de faune ~daphique A Skopelos, en 

Eubee du N. et A Naxos, dont une premi~re serie a (te analys~e, 

permettent d'ores et d~jA A dresser quelques comparaisons concer

nant le comportement de certains groupes d'Arthropodes. 

Dans chaque station ont ~t~ pr~lev~s 5 ~chantillons en moyenne 

sur des surfaces de 1m2 (1 X 1).Les densites au m2 de chacun des 

groupes animaux indiqu~s ci-dessous representent la moyenne men

suelle. La station de Skopelos et de l'Eubee du N.se rapportent 

A des bois de Pin d'Alep, de constitution plus ou moins variee 

alors que la station de Naxos concerne un maquis clairseme A· ge

nevrier rouge, formation repr~sentative. Toutefois, ce qui appa

remment est le plus significatif,c'est que ces 3 stations insu

laires constituent un veritable"transect"climatologique, se si

tuant de part et d'autre de la charni~re entre le climat mediter

raneen sub-humide et sub-aride. 

En effet, ce serait cette condition qui rendrait compte d'un 

ensemble de constatations relatives A certains groupes d'Arthro~ 

des A caract~re passablement prononce de "hygrophilie" ou "thermo· 

philie". Ainsi,la comparaison du comportement dans les 3 stations 

des groupes a priori hygrophiles tels que les Diplopodes,les Iso-

podes ou meme les Chilopodes conduit en abrege aux chiffres sui-

vants: 

Frequence:mois A Mois A 
presence (sur 12) densite max. 

(Densite 
2 max. (ind/m ) 

Q!E!21222~§ Skopelos 8-9 X, XI, XII (45-50) 
Eubee du N. 6-7 X, XI (9) 
Naxos 4-5 (4) 

!§21229~§ Skopelos 10 XII, I (4,8) 
Eubee du N., 8 II (1 ,5) 
Naxos 7 I, II (4) 

S:!!!!2E22~§ Skopelos 12 X, V (3,6) 
Eubee du N. 9 XII (5,5) 
Naxos 6 II (2) 

On rel~ve, de facon bien reguli~re: - un raccourcissement des 

periodes d'activite.et de presence dans les echantillons, - une 

tendance au regroupement vers les periodes les plus humides, 

- dans l'ensemble, des "pics"A densite mains ele~ee. 

Il convient ae noter qu'une certa~ne tendance opposee 

est perceptible au niveau des Thysanoures - mois de presen

ce:6, 6 et 11, et densite plus elevee A Naxos -,voire des 

Embiopt~res - presence 4 mois, 3 et 6 respectivement et 

densite reguli~rement plus elevee A Naxos. 

Par ailleurs, en ce qui concerne les Araignees, groupe 

a presence constante dans les ~chantillons des 3 stations, 

une differenciation sensible et d'une autre nature se mani

feste sur deux aspects: T Les densites sont regulierement 

?lus elevees A Naxos, sauf en ete: en cette saison on rele

ve une baisse tres accus~e A Naxos, alors que la baisse est 

bien moins importante A Skopelos et en Eub~e,de sorte que 

les densites sont superieures, en"absolu~ A Skopelos et en 

Eub~e, de juin en aout. 

Enfin, un comportement parallele dans les trois stations 

peut etre egalement releve dans le cas des H~mipteres, dont 

les densites maxima sont not~es au printemps (mars,avril,mai) 

E~~~fg~~-!~E2f~~~~~· L'analyse des densites totales, tous 

Arthropodes pris ensemble p.ex., ne conduit pas a des enseig

nements aussi simplifies et univoques, du fait notamment que 

dans les stations de Skopelos et de l'Eub~e du N.plus riches 

dans l'ensemble, les chiffres saisonniers sont souvent forte

ment influences par la pr~sence en grands nombres (plus ou 

moins explosive dans une certaine ~chelle) de groupes moins 

importants dans l'ensemble, tels les Psocopt~res p.ex.,ou a

lors des groupes hygrophiles, Diplopodes, Isopodes, qui appa

raissent transitoircment en tres grand nombrc d'individus. 
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I-III6 
TRAITS SAJLLANTS DES PEUPLEMENTS EDAPHJQUES (MEso-ARTHROPODES) 

D'UN ECOSYSTEME CLIMACIQUE INSULAIRE (CYCLADES, GRECE) 

J. MATSAKIS, L. PARASCHI et M. KARAMAOUNA 

Departement de Biologie (Ecologie-Taxonomie) , 
Universi te d 'Athenes, Panepistimioupolis, Ath€mes (Grece) 

!.Introduction et methodes. 
Dans le cadre d'un programme de recherche ayant pour ob

jectif 1 'etude de la structure et du fonctionnement d'eco
sysnmes insula ires de 1 'Egee( 1) ,nous avons s.uivi pendant 
plus d'un an ]'evolution de la faune du sol dans un ecosy
st~me pouvan·t ~tre caracterise comme un maquis d~grad~ (et 
patur~)a Juniperus phoenicea. Cet ~cosysteme constitue a 
priori dans les conditions considerees un climax et corres
pond a la description donne!:! par P.QUEZEL(l980) ,a savoir"des 
peuplements arborescents clairsemes en bioclimat aride~ .. 

"qui ont un r6le important en Grice meridionale ... " 
Dans ce qui suit on essaie de degager les traits sail

lants des principaux peuplements edaphiques d'Arthropodes 
(fourmis et micro-arthropodes mis a part). 

Trois series de prelevements effectues chaque mois por
taient:(a) sur des surfaces d'echantillonnage de lm X 1m, 
hors couvert vegetal, (b)sur des surfaces d'echantillonna
ge de 0,25m X 0,25m, pres du pied d'arbustes et buissons, 
(c) sur des echantillons de 0,25m X 0,25m de liti!~e de g~
nevrier. 

I I. Resul tats. 
l.L'allure des variations des densites moyennes des ar

thropodes recoltes; mois par mois, est assez parallile dans 
les 3 cas, avec un minimum tris accuse en et€ (voir figure), 
alors que d'octobre en avril on a des pies ~leves, mais plus 
ou moins le~lre~ent decales d~un cas a l'autre.(!.On doit 
noter par ailleurs que des differences sensibles peuvent ap
paraitre d'~ne annee sur l'autre,en rappo~t dans une certai
ne mesure avec les ecarts meteorologiques 

2.Les trois types de prelivements se sont toutefois ave
res utiles et d~ns une bonne mesure ~omplementaires.Ainsi p. 
ex. les prelevements (c) ne sont manifestement pas represen
tatifs des peuplements des araignees, contrairement aux echan
tillons (b); les prelevements (a) et (b) sont bien represen
tatifs des peuplements de, Thysanoures, des Chilopodes,et 
tres 

3.Les densites moyennes les plus ~levees ont ete consta
t~es en janvier,dans la litiere (c) 910ind tau metre carr~). 
rhiffre compose essentiellement,pardes pies simultanes pre
s~nt~s par les Pseudoscorpions: 182, les Hemiptires:l?g~es 
Diplopodes: 163, les Psocoptires:l22,voire les larves des Di
pteres:80,et les Araignees:45. 

4.Pour ce qui est des autres groupes d'Arthropodes faisant 
r~guli~rement parti~ des peuplements du sol ,les densit~s ma
xima moyennes (c)ont ~t~ respectivement:- Larves de Coleopt!
res:32, Col~opt!res adultes:22, Embiopteres et Lepidopteres: 
de 1 'ordre de 25,Thysanoures et Isopodes:lO. 

5. En ce qui concerne la frequence, l'aoondance et la 
r~gularite des variations saisonni~res, on enregistre des 
divergences importantes qui interviennent en faisant sou~ 
vent devier sensiblement les donnees moyennes et limitent 
de toute evidence la signification de la composition en 
pourcentage dans nombre de cas. Ainsi;Les Araignees con
stituent un groupe ~ presence constante et avec des va
leurs d abondance variant dans des marges relativement e
troites dans tous les types de prel!vementstde sorte p.ex, 
qu'en ete ce groupe arrive a representer jusqu'a 60-80 
du total dans les prel!vements de type (a) et (b},Par 
contre, les Pseudoscorpions, les Hemipt!res et Psocopt~
res, groupes a grande frequence (9-11/12) ,notamment dans 
la liti~re, presentent des fluctuations beaucoup plus im
portantes avec certains"pics"de br!ve duree caracteristi
ques, autrement dit, jamai~ enregistres au cours de 2 mois 
successifs. 

6. Des phenom~nes analogues,mais moin~"brutaux"apparais
sent egalement, entre septembre-octobre et avril-mai ,dans 
le cas de groupes ~ pf~~erice saisonni!re,Diplopodes, Chi
lopodes et autres. 

Les points 5 et 6 traduisent ]'existence d'une succes
sion relativement acceleree de generations ou d'espices 
se remplacant plus ou moins les unes les autres 

\ ---(a) 
---(c) 

\~ 
_____ (b) 
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FACTEURS RENDANT CO-lPTE DE LA RICHESSE FAUNISTIQUE INSULAIRE EN MER EGEE 

J. MATSAKIS 

Departement de Biologie (Ecologie-Taxonomie) , 
Universi te d 'AthBnes, Panepistimioupolis, Ath€:nes {Grece) 

I.On cherche a degager les principaux facteurs - ou conditi
ons -qui interferent, en nuancant, rendant inapplicable 
ou completant, la relation moyenne LogS fonction lin~aire 
de LogA (S;nombre d'esp~ces, A:superficie) des iles ou com
plexes insulaires, en Mer Egee. Pour ce.la, on s 'efforce de 
preciser,a 1 'echelle consideree, les ~cart·s entre valeurs 

"observees"et valeurs attendues en appliquant la relation 
ci-dessus telle quelle ou en introduisant successivement 1' 
intervention de quelque particularit€(biogeographique, eco
logique ou climatique) des differentes tles ou compl~xes 
compares. On se fonde essentiellement sur les donnees ras
semblees par F.WILLEMSE(l985~ sur les Orthopt~res de Gr2ce, 
mais 1 'on fait accessoirement appel a des donnees faunisti
ques plus fragmentaires concernant d'autres groupes. 
II.On a pu mettre en evidence les faits suivants 
l.Dans la majorit€ des cas, la relation moyenne Lo~S fon
ction lineaire de LogA·est statistiquement confirmee, notam
ment lorsqu'on compare un nombre quelque yeu eleve d'fles 
(p.ex.lO et plus) composant un assortiment representatif 
et offrant une gamme suffisamment large de valeurs de A(p. 
ex.des 10aines jusqu'i des milliers de Km 2). Cepend~nt,on 
souligne le fait que dans la pratique la correlation signi
ficative (au niveau de 0,01 ou 0,05) ne signifie pas main~ 
que l'on enregistre des ecarts de 1 ordre de 40-50p.cent 
p.ex. entre valeurs"observees" et val~urs attendues dans le 
cas de telle ou telle autre ile ou complexe insulaire. On 
se pose par consequent la question de savoir si l 'on ne 
doit pas examine~ plus avant les rai~ons de tels ecarts, 
plut5t que de se contenter de le~ attribuer au"hasard"sans 
p 1 us. 
Z.Inversement, dans le cas ou l'on examine des iles soit d' 
une superficie reduite, soit par trop inegalement represen
tatives des divers secteurs geographiques ou en nombre trop 
faible, les choses apparaissent moins coherentes, la relati
on moyenne n'etant pas applicable. 
3.Sous le rapport des param~tres respectifs et de l'ajuste
ment reciproque des donnees, on ne decele en aucun cas des 
divergences sensibles et systematioues entre Ia richesse 

faunistique de complexes (les Cyclades ou le Dodecanese p. 
ex.)et des iles isolees plus grandes (Cr2te, Eubee,etc). 
4.Par contre, on a mis en evidence des divergences sensi
bles et des ecarts importants entre grandes iles tout aus
si bien qu entre complexes insulaires,a situation geogra
phique, climatologique ou biogeographique differente (tou
jours dans le cadre de laMer Eg€e). 
III.On interprete les points ci-dessus, comme suit; 
Points II ,l et 3. On renvoie le lecteur a 1 'interflr~tation 
g~nerale propos~e dans un essai de synth!se~recent~· 
Point II,2. On attribuerait ces cas ala presence d'une fau
ne de structure incompl!te; autrement dit comportant un de
gr! relativement elev~ d'aleatofre, mais cependant couran
te dans les isolats de ces dimensions,en mettant ainsi en 
relief la constitution en mosaique tenue comme naturelle a 
cette echelle de phenomenes. 
Pointii,4.0n reconnaitrait 1 'influence importante ~ ]'~chel
le de laMer Egee d'un gradient climatique differenciateur 
suivant,plus ou moins,un axe NW-SE, nuance par des effets 
plus localises en bordure des secteurs i climat sub-aride. 

Iles dont la faune (Orthopteres) a et~ compar~e dans 
1es 4 series principales de comparaison:Cl, C2, C3 et C4 
Cr~te Cl Rhodes C1,C2 Karpathos C2,C4 Pares C3, C4 
Eub~e Cl Naxos Cl, C3 Kalymnos C2, C4 Milos C3, C4 
Lesvos Cl Sames C2, C4 Astypalaia CZ, C4 Kea C3, C4 
Ikaria Cl Kos CZ, C4 Andros C3, C4 Amorgos C3, C4 

Cl;P 0.01- Cl: ecarts: Rhodes S(ohserve) 50 S(attendu) 35 
CZ:P 0,05 Crete · $(cbserve) 64 S(attendu) 87 
C3, C4:--- (Peloponnese 115/.!.li• Sporades du N.22/~ 

Commentaire·On rel~ve:La non-manifestation d'une correlation 
s1gn1ficat1ve dans la comparaison de 6 iles de Cyclades,! 'ar
parution d'une correlation significative au seuil de 0,05 
dans la comparaison de 6 iles du S.E de l'Eg~e, et la corre
lation tres significative(O,Ol) dans la comparaison de 6 gran• 
des iles. 

(N.On peut noter que des ecarts notables peuvent etre releves 
aans les comparaisons a priori les plus avantageuses.Ainsi p. 
ex. 1 'ajustement de la relation moyenne nombre d'esp~ces de 
mollusques terrestres dans 24 iles des Cyclades(M.MYLONAS, 
1982,These)n implique moins des !carts tels que: 
-Mykonos:15 observees,contre 24 attendues.-Syros:35 obser
vees,contre 26 -Sifnos:33 observees,contre .25 attendues). 

1 F.WILLEMSE, 1985- Fauna Graeciae. I.Catalogue of the Ortho
ptera of Greece. Ath!nes,Edition Soci~t~ Zoologique Hell~ni
que. 

2J.MATSAKIS, 1986- Biogeographie insulaire, structure taxono
mique, constituants des peuplements.(Essai de synth!se).~. 
Gallo-he1lenica.(sous presse) 

1-IIIs 

101 

QUELQUES ASPECTS DE L'ENDtMISME EN RELATION AVEC L'INSULARITE EGEENNE 

J. MATSAKIS 

Departement de Biologie (Ecologie-Taxonomie) , 
Universi te d 'Ath€:nes, Panepistimioupolis, A thEmes (Grece) 

l,L 1 end~misme, sous son aspect quantitatif le plus 1mm~diat,a 
savoir le nombre absolu et le nombre relatif d•especes end~miques, 
la r~partttion de ces esp~ces dans les ~chelons taxonomtques sup~
rieurs, ainst que 1 'aire de dfstr.ibution de chacune, est A juste 
tttre ~troitement lt~ A quelque forme d'isol~ment et plus particu
lterement a 1 'insularite,dont il constitue peut-etre une des mani
festations les plus attrayantes. Abord~ sous- cet aspect quantita
tif encore simple,l 'end~misme a l'~chelle de laMer Eg~e nous est 
apparu de plus en plus comme un ph~nomene bien plus complexe et nu
ance que l'on semble le tenir courarnment, a 1 1instar justernent de 
l'insulartte dans ce meme secteur- qui est loin de r~pondre a une 
relation deportee generale- admettant comme parametres p.ex.la 
distance du continent et la superfic1e insulaire (1). 

Dans la suite est succtnctement present~e une premiere serie de 
resultats de comparaisons et certains autres chiffres qui illust
rent quelques aspects des plus saillants de 1 'endemisme insulaire, 
tels qu tls s'expriment au niveau des Orthopteres de la Mer Egee. 

I I ·l· Nonib.t:.e_a!s.Q.l!:!. ~~~s£_ece~ ~n~e!!]_i_g_u~. Parmi 1 es quelques 320( 2) 
especes d'~rthopteres recensees en Grece, 126 sont presentes dans 
les iles de la Mer Egee, 47 etant exclusivement endemiques insu
laires. En ecartant 8 especes cavernicoles,on a done 39 permettant 
a priori des comparaisons sur une meme base entre les 7 secteurs 
ou .sous-secteurs biogeographiques de 1 'Egee :- 34 especes sont 
~r~seates exclusivement dans un des secteurs, 4 dans 2 secteurs 
adjac·ents et 1 dans 3 secteurs adjacents. 23 sont presentes sur U· 
ne seule tle (dont 13 en Crete et 1 a Paros, ces 2 iles represen
tant les 2 extremes sous le rapport de la superficie) .L•espece en· 
demtque tnsulaire dont l'aire de r~partition est la plus ~tendue, 
se trouve d~spersee de facon discontinue sur pas plus de 5 tles a 
priori,dont les plus eloign~es sont distantes de guelque 280Km. 

2.En ce qui concerrie le nombre relatif,d'endemiques,le tableau 
ci-dessous nous permet de reTever Tes poTnts suivants: 

a. Dans la majorit~ de cas (11 sur 13)les chiffres varient sen
siblement (plus du simple au double) suivant que 1 'on considere 
la totalite d Orthopteres ou les Ensiferes et les Coeliferes sepa
rement. b.Les iles.ou complexes insulaires se classent en ordre 
sens1blement different dans les 3 cas:- Ikaria, Crete, Naxos, Kar
pathos,etc - Ikaria,· Karpathos, Naxos, Kalymnos,etc - Kos, Cre· 
te, Rhodes,etc, pour les ile~ individuelles, ~u • Cyclades £rete, 

En(O) En(E) En(C) En(O) En(E) En(C) 
Crete (13 ~ 20,3 27,0 11,1 Karpathos(5) 17 ,9 41,7 0 
Rhodes(4 8,0 8,3 8,0 Kos(6) 16,7 18,8 . 13,6 
Naxos(4) ?0,0 36,4 0 Kalymnos(3) 15,8 33,3 6,3 
Lesvos(3) 8,3 15,8 0 Ikaria(5) 26,7 50 .o 0 
Eubee(2) 3,6 8,3 0 Samos(1} 2,6 5,3 0 
Cyclades(]) 21,1 42,1 0 (Peloponnese(31) 35,4 16,0) 
Iles S.E.(9) 19,5 26,1 11,1 En(O}:endemiques,total Orthopt~ 
Sporades du N (2) 9, 5 22,2 0 En(E):endem.ensif.En(C):end.coel. 

Iles du S.E.,Sporades duN.,- Iles du S.E.-Crete. Ainsi donc,Samos, 
Eubee -et dans .une moindre mesure Lesvos et Sporades du N .• mises 
a part en tant qu iles peu distantes du continent et presentant dans 
]'ensemble un faible taux d'endemisme, dans tousles autres cas. les 
choses apparaissent"incoherentes",voire contradictoires (comme p.ex. 
dans"la serie"Ikaria~ Naxos, Crete a eloignement croissant et a taux 
d'endemisrne decrotssant ). 

~emaraue im~ortante. Alors que la relation lin~aire entre LogA 
et LogS(Ol 6uo~S(E) ou LogS(C) apparait tres significative (P 0,01) 
et applicable a l'ensemhle des iles ou complexes,l'on ne peut mettre 
en evidence une telle correlation entre S et E(especes end~miques},ou 
~ tout juste au ntveau 0,05 en comparant les 10 iles ayant le plus 
d'endemiques (Figure). Ceci indiquerait a notre sens une het~rog~ne· 
ite et l'interference done de facteurs, autres que l'eloignement(de 
toute evidence} et meme la superficie, mesur~s a ~chelle constante. 

3. Lon pourrait en d~finitive interpr~ter !'ensemble de ces don
nees sur la Yba~e~ d'une double acceptation: A.En reconnaissant une 
particularit~ - d'ordre ~cologique et biog~ographique a la fois • 
au secteur Iles du S.E.(Dodecanese plus Ikaria et. Samos),manife
st~e au niveau de l'end~misme eta celui de la composition (propor· 
tion elev~e de Coeliferes),secteur au sein duquel Karpathos et Ika· 
ria, iles les plus distantes possedent le plus d'end~miques. B.En 
reconnaissant une homog~n~it~ relative a l'ensemble Cyclades et Cre
te(voire Skyros),priv~ de quelque diff~renciation dynamique (et 
sp~tiale) notable et pr~sentant un caractere accus~ de mosaique in
terne. 
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tOOATION DE CROISSANCE DE L1ESPtCE MffiTENSIEUA WSCHANI (URODtLE, JlMrHIBIEN) 

R. TZANNETATOU-POLYMENI et C. YANNOPOULOS 

Laboratoire de Zoologie, Universite d'Athenes Panepistimioupolis, Athenes (Grece) 

L'expression de la croissance indivicluelle apparai:t 
en dynamique des populations exploitees, sous une forme mathematique 
etablissant une relation entre une variable qui caracterise un 
individu et le temps. L'expression mathematique generalement 
adoptee est !'equation de von Bertallanfy (1) 

lt = loo [1 - e-k(t-to) j 

methodes de w~~~o~~r:~ca~~~a~d., k et t 0 se determinent selon les 

Par !'etude presente on etudie la croissance des 
Mertensiella luschani luschani. Nos echantillons sont preleves 
d'une population de Mertensiella luschani luschani dans l'i:le de 
Kastellorizo, situee I l'extr!rne S.E du Dodecancse tout pres de 
la c~te Turque (3). 
Il s'agit d'une population insulaire, qui est protegee car c'est 
le seul lieu en Grcce oQ on a releve la presence de la sous-espcce 
Mertensiella luschani luschani (2). 
On a recolte 223 individus males et fernelles. La longueur utilisee 
correspond I la distance t!te-cloaque (T-C). 

Le calcul des ages a ete realise d'aprcs le rythme de 
la croissance d'un echantillon representatif de 44 animaux, qui 
ont ete gardes au laboratoire pendant 3 mois, ainsi bien d'aprcs le 
Tythme de la croissance de deux echantillons representatifs de 44 
et 86 animaux dans leur biotope physique. On a prefere travailler 
avec ces ~chantillons et pas avec des individus separes, car malgre 
nos efforts les animaux etant trcs sensibles, meurent vite et ne 
se developpent pas normalement au laboratoire. 

Les anirnaux de chaque· recolte ont ete repartis en classes 
d'arnplitude egale I O,Scrn et a O,Zcm de la longueur T-C. La dis
tribution en O,Zcrn a donne les meilleurs resultats. (llistogrammes 
I et II). L'histograrnrne I rnontre deux groupes d'anirnaux selon la 
longueur T-C. Le premier a une amplitude de Z,Scrn a 5,5 em et le 
second de 6cm a Bern. L'analyse du m!me echantillon en classe 
d'amplitude O,Zcm nous permet de classer les animaux en 4 groupes 
selon la longueur T-C: 1er de 2,8cm .. l 4,6cm, Zcme de 4,4cm a 6,4cm, 
3cme de 6,0cm I 7,6cm, 4cme d~ 7,2crn a 8,Zcrn. Le rythme de la 
croissance dans le laboratoire a ete d'une valeur de 1,02cm par an, 
tandis que le rythme de .la croissance sur leur biotope physique se 
trouva d'une valeur 1,62cm par an. 

· Connaissant le rythme de la croissance annuellc dans 
leur biotope physique et se rendant compte de la distribution des 
plus petites tailles des anirnaux recoltes, d'une rnoyenne egale a 
4,0Scm, on peut conclure que ces anirnaux sont les plus jeunes (1ere 
annee). 

. Histogramrne I. Reparti
tion des frequences de 
la longueur T-C, de 39 
animaux recoltes I Ka
stellorizo le 10/5/77 
en classes d'amplitude 
de 0,5 em. 

aR 
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llistogramme II. Repartition 
cles frequences de longueur 
T-C de l'echantillon de 
l'histograrnme I, en classes 
d'arnplitude 0,2 em. 

Leurs longueurs se dispcrsent entre 2,8 et 4,6cm. La valeur moyenne 
du deuxicmc &ge est egale a 5,46, du troisicrne I 6,76, du quatrieme 
a 7,38 et du cinquicme a 8,08. (h estparvenu a cette derniere valeur 
moyenne n'utilisant que tres peu d'animaux, les seuls recoltes. 

Tenant compte que la valeur moyenne 8,08 a une difference 
de 0,70 de la precedente, et qu'il n'est pas possible que les animaux 
du cinquieme age se developpent 8 un rythme plus rapide que le 
rythme selon lequel se developpent les animaux du quatrieme age 
par rapport aux anirnaux de la troisicme, on peut accepter que dans 
l'equipe des animaux du troisicme age s'inclut upe autre encore. 
Mais cette dernicre ne peut pas se baser sur nos donnees experimentales. 

D'aprcs les donnees ci-dessus on a determine les parametres 
de !'equation de von Dertallanfy d'aprcs les methodes de Walford et 
Gull and. 

Ainsi on a calcule : k = 0. 54 
t

0
= 0,061 

leo= 8, 5 

En ce qui concerne la valeur de leo= 8,5, elle represente 
en fait la valeur la plus haute qu'on a rencontre et que d'ailleurs 
un seul animal avait montree. 

1. Bougis P. et col. 1976. Oceanographic biologique appliquee
Editions Masson. 

2. V.Kiortsis, A.Koutsaftlkis, J.Matsakis. - Les Mertensiclla de 
Grcce I. Nouvelle forme de Mertensiella luschani (Steindachner) 
dans l'archipel hellenique (Note prelirninaire) 
Bioi. Gallo-llellen. 6,1 : 355-358. 

3. Tzannetatou-Polymeni R. - 1984 - Quelques observations comparatives 
sur les populations de Mcrtcnsiella luschani des 1lcs Kastellorizo, 
Karpathos, Kassos et Snria. 
Dial. Gallo-llcllen. Sous - pressc. 

I-IV2 
OBSERVATia.ls oN THE AVIFAUNA of IKARIA Isu..ND, EAsT AEGEAN, GREECE 

St.N. MAGIORIS 

Section of Ecology & Taxonomy, Department of Biology, 
University of Athens, Athens (Greece) 

ABSinACT 

fhe present work contains observations on the aviFauna in on insular eco

system in Greece(Island of Ikaria,East Aegean)~ It gives data on the bird species 

that wore observed during 3 visits on tho island(8-I2/6/85 1 23-20/I/86,17-2D/li/D6) 

and the exact dates of observations. The seasonal presence, the species richness of 

the particular types of habitat and the comparison of our results with those of 

Wettstein(I938)and ~Iatson( I964)concerning tho breeding passerines are mentioned. 

There were 5 basic types of biotopes that hie encountered:/\.1\reas around 

human habitation.a.rorests uJ!th Pinus hrutin .C.f\reas utith Quercus coccifera and 

Arbutus. unedo macchia.D.Sandy beBches and rocky or earthy coasts.E. Temporary streams 

mainly 7 t.<fith platans and hydrophilous plar1ts. 

We have recorded ll2sp.f·rom 1uhlch I? are residents(n),IOsp. ere winter 

visitors(W),Bsn.are summer visitors(S),fJsp.are migrents(M)and 3sp;with insufficient 

data(I).The ricl1ast habitat in bird sp.is A •lith 6t•% and the poorest is B with II% 

·while C,O and E ere with 39%,17% and 28% respectively. 

from the I9 posserinAs,rlefinitely breeding according Wettstein and 

Watson,?sp.have not been observed by us(Gr-ag martin,Short-toed treecreepsr,Wilea

b:jar,Black-eared whaatear,Nightingale,Cretzschmer's bunting,Black - headed bunt

ing)while from the Ilsp.which are not definitely breedlng,Ssp.have not been re

corded ( Woodl arl<, Mis tl e thrush, Orphean worb le r, r_; reenf inch, Crossbill) and 6sp. are 

d<Jubtless winter visitors(N~ Jg,z0,21i,32,3B,<iO of the list).Nestlng indications 

have b"een rBcorded for the sp.N~ 5,6~9,IO,I8,2I,22,26,27,33,35 1 36,3?,til and 42. 

REfTilENCES. Wett.stefn O.von 1938- Die Vogeh•elt der Agals.Journ.f. 

Orn. 86:9-53. ufatson G.E.l96fo -Ecology and Evolution of passerine birds in the 

islands of 1\egean sea. Univnr.sity Microrilms International london,England. 

List of the species and the dates of observations,seesonal and habitat occurence 

I .Puffinus puffinus( I) F .8/6/85 

2 .Egratta garzetta(M) o. !7/li/86 

3.Ardee cinerea(M) 0.!8/li/86 

4.Falco eleonorae(S) F .8/6/85-

S.Falco tinnunculus(R) C. 

6.Alectoris chucar(R) C. 

7. Tringa ochropus(M) 0.19/4/86 

8. Larus argentatus ( R) 0. 

9.Streptopelia decaocto(R) A. 

IO.Athene noctua(R) A. 

II.Otus scops(R) A,B. 

I2.Apus apus(S) F .8/6/85-!d7/li/B6-

23 .Prunella modularis(W) C, E. 23/I/86-

24. Sylvia atricapilla(W) A. 23/I/86-

25.Sylvia melanocaphala(R) A,C. 

26.Sylvia cantillans(S) A,E.I7/4/86-

27 .Phylloscopus trochilus(R) A,E. 

28.5axicola rubetra(M) D.IB,l9/4/86 

29.Saxicola torquata(W) A,D.23/I/86-

3D.I'lonticolla solitarius(R) C. 

3I.Phoenicurus ochruros(W) A1 C.23/I/86-

32.Erithacus rubecula(W) C,E.23/I/86-

33.Turdus ~erula(fl) A,C,E. 

34. Turdus philomelos(W) C.23/I/86-

I3. Apus melba(S) F .8/6/85-&17/ii/86- 35.Parus caeruleus(R) A,B,E. 

I4.Coracias gorrulus{I) C.27/I/86 36.Passer domesticus(R) A. 

IS.Upupa epops(I) B.IB/4/86 37.Fringllla coelebs(R) A,B,C,E • 

I6.fUparia riparia(S) F .8/6/B5-&I7/4/86-38.Serinus serinus(W) A.23/I/B6-

I7.Hirundo rustica(S) F.I7/4/B6- 39.Carduelis carduelis(R) A,C,E. 

IB.Delichon urbica(S) A.B/6/85-&I7/4/86-40.Carduelis cannebina(W) A,E.23/I/B6-

. I9.Motacilla alba(W) A.23/I/86-&I7/Ii/86 4I.Emberiza cirlus(R) A. 

2D.Motacilla cinerea(W) A.23/I/86- 42.Corvus corax(R) A,C. 

2I.Garrulus glantarius(R) A,B. 

22. Troglodytes troglodytes(S) A,~!.~.:~L~L~~:~~-.:_/4/86 

A,8,C,D,E:Types of habitat Ancountered.F:The birds were oserved only in flight. 

fl,S,W,M,I:The status of each sp.on the islend.When we note,a.g.B/6/85- we mean 

that the species was there from 8/6/85 till the end of the observations. 

* Research program of Human's influence on the Aegean islands of the Univ. of 

Athens with financial support of the Ministry of Research and Technology. 
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I-IV3 
OBSERVATIONS SUR L' AVIFAUNE MIGRATRICE DANS LES SPORADES DU NoRD 

M. MALAKOU 

D8partement de Biologie (Ecologie-Taxonomie) , 
Universite d'Athenes, Panepistimioupolis, AthEnes (GrE!ce) 

Des observations effectu~es au cours du printemps(l984 ,1986)et de 
l'automne(1984,1985)dans 9 iles et i1ots,les plus distante~ du conti
nent, des Sporades du Nord ont permis de recueillir une s~rie d'infor
mations in~dites sur les especes migrant,sur les ile~ et les biotopes 
fr~quent~s*.On a relev~ 81 especes mi9rant au printemps -avec la pr~
sence de 4 rapaces- et 32 en automne -avec 1 a pr~sence de 11 rapaces. 

(P:printemps, A:aut~~~!~ ~~~~d~~~~~~e~b~~r~~!~gration localis~e) 
Al PE SK KP YO PI 

1. Puffinus puffinus 
2.Calonectris diomedea 
3.Hydrobates pelagicus 
4. Pelecanus onocrotalus 
5.Phalacrocorax aristotelis ± 
6. Plegadis falcinellus 
7.Egretta garzetta 
8.Neophron percnopterus 
9.Gyps fulvus 

10. Hi eraetus fa sci at us 
ll.Circaetus gallicus 
12.Buteo buteo 
13.Pernis apivorus 
14.Accipiter nisus 
15.Accipiter gentilis 
16.Circus sp. 
17.Circus aeroginosus 
18.Falco peregrinus 
19.Falco eleonorae 
20.Falco tinnunculus 
21. Fa 1 co naumanni 
22. Falco vespertinus 
23. Pandion hal iaetus 
24.Columba livia 
25.larus minut.us 
26.Streptopelia turtur 
27. Cucul us canorus 
28.Burhinus oedicnemus 
29.Alcedo anthis 
30. Caprimul gus europaeus 
3l.Merops apiaster 
32. Upupa epops 
33.Galerida cristata 
34.Calandrella cinerea 
35. ,~yonoprogne rupestris 
36.Delichon urbica 
37.Hirundo rustica 
38.Hirundo daurica 
39.Apus melba 
40.Apus apus 
4l.Motacilla cinerea 
42.Motacilla ..flava feldeg 
43.Motacilla alba alba 
44.Alauda arvensis 
45. Anthus pratens1s 
46, Anthus trivialis 
47, Anthus spinoletta 
48. Anthus campestris 
49. Lanius collurio 
50. Lanius senator 
51. Oriolus oriolus 
52. Troglo.dytes troglodytes 
53, Sylvia melanocephala 
54. Sylvia cantillans 
55. Sylvia hortensis 
56. Sylvia rueppeli 
57. Sylvia communis 
58. Sylvia atricapilla 
59. Sylvia borin 
60. Hippolais pallida 
61. Hippolais icterina 
62. Hippolais olivetum 
63. Regulus regulus 
64. Regulus ignicapillis 
65. Ficedula albicollis 
66. Muscicapa striata 
67. Phylloscopus collybita 
68. Phylloscopus bonelli 
69. Saxicola rubertra 
70. Oenanthe oenanthe 
71. Saxi col a. torquata 
72. Oenanthe hispanica 
73. Phoenicurus ochr.uros 
74: Phoenicurus phoenicurus 
75. Monticola sclitarius 
76. Erithacus rubecula 
77. Luscinia megarhynchos 
78. Turdus torquatus 
79. Turdus merula 
80. Turdus philomelos 
81. Parus ater 
82. Parus major 
83. Parus coeruleus 
84. Parus 1 ugubri s 
85. Sitta neumayer 
86. Fringilla coelebs 
87. Serinus serinus 
88. Prunella modularis 
89. Carduel is chloris 
90. Carduelis carduelis 
91. Emberiza cirlus 
92. Emberi za hortul ana 
93. Emberiza caesia 
94. Emberiia calandra 
95. A~?nthis cannabina 
96. Corvus corone cornix n 0 _ S.!} !:f!:} _s __ C!} !~!- _____ ---
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I-IV4 
THE IN VIVO EFFECTS OF PESTICIDES ON AMPHIBIAN ESTERASE !SOZYMES 

R. TZANETATOU-POLYMENI 0 and A.A. HARITOS 00 

0 Section of Ecology and Taxonomy 
0 0 Zoological Laboratory 

University of Athens, Athens {Greece) 

Non-specific esterases represent a complex major hydrolytic enzyme system cata
lysing the hydrolysis of carboxylic ester bonds. Esterase isozymes hav.e been chara
cterized according to their inhibitor and substrate specificities. An extended clas
sification of esterase isozymes according to inhibition by diisopropylfluorophosphate 
(DFP), eserine sulfate and parahydroxymercuribenzoate (PHMB) has been reported (1). 
These esterase inhibitors also represent environmental pollutants. In a .previous study 
of frog liver esterases by polyacrylamide gel electrophoresis {PAGE) several isozymes 
were resolved, characterized as carboxylesterases and cholinesterases both inhibited 
by Dfl' {2). 

In the present study 25 male and female specimens of Mertensiella lusct.ani luschani 
ni were collected from Castellorizo an island of south eastern Aegean Sea. This spe
cies is a protected one in Greece~ Tissues were homogenized with 0.1 M Tris-HCl 
buffer pH 7 .2, extracts were electrophoresed and gels stained for esterase activity 
in the presence and absence of inhibitors according to Haritos &. Salamastrakis {3). 
Isoelectric focusing {I.F .) on gel slabs {pH 3.5-9 .5) was performed according to 
Veini et al. (4) and Sephadex G-200 gel filtration according to Haritos &. Rosemeyer 
(5). 

Liver had the highest overall esterase activity as seen by the number of the 
bands and their staining intensities (Fig. 1). Four groups of esterase bands were 
distinguished according to their electrophoretic mobilities, phenotypic variation, 
tissue distribution and substrate and inhibitor specificities. Isozymes of groups II 
and III were observed only in the digestive system while groups I and IV were present 
in all tissues examined. No sex-specific esterases were observed. Esterase isozyme IV 
has an apparent molecular weight of 245.000 while for the rest of the isozymes the 
molecular weight was 75.000. By preincubating the gels in 0.1 mM DFP, 0.1 mM eserine 
sulphate and 1 mM PHMB all esterases were characterized as carboxy lest erases. DFP in
hibited all bands while eserine and PHMB inhibited only partially the bands of group 
III. All esterases showed comparable heat lability with complete inactivation at 5ooc 
in 15 min. The staining intensity of the bands was inversely related to the length of 

Or 
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Fig. 1. Electrophoretic patterns of soluble nonspecific esterases in Mertensiella 
luschani luschani. L, liver; S, stomach; I, intestine; M, muscle; T, testis; 0, 
ovaries; B, brain. Or, origin and Bb, bromophenol blue band. Latin numerals stand for 
the four groups of esterase isozymes. a-Naphthyl acetate was used as substrate. 

the organic acid moiety of tne aLpha-naphthyl esters with only group II bands stain
ing with alpha-naphthyl caprate {C10). The isoelectric points of the esterases ranged 
from 4.60 to 5.65. 

1n order to assess the effect of DFP in liver "nd brain, pairs of Mertensiella 
luschani luschani were put in 100 m.L or l mM and 0.1 mM of this inhibitor for 20 
min. All bands were reduced in intensity in liver while complete inhibition was ob
served in brain for both concentrations {Fig. 2). In 40 min at 1 mM the animals 
were dying and no esterase ·bands could be detected in liver extracts (results not 
shown). 

Fig. 2. The in vivo effect of DFP in Mertensiella luschani luschani liver and brain. 
Lanes 1-6, liver; lanes 7-9 brain. In lanes 1,2,9 tissue extracts of control animals. 
In lanes 3,4, 7 exposed to 1 mM DFP and in lanes 5,6,8 to 0.1 mM DFP. 

The evidence from this study suggests that the toxicity of organophosphates in 
amphibians could be directly related to the irreversible inhibition of serine este
rase isozymes (carboxylesterases) in at least two of their tissues. Moreover none of 
the several esterase isozymes revealed by PAGE or I. F. was found to be resistant to 
the in vitro and in vivo deactivation by DFP. This is in agreement to a similar study 
for frog esterases (2) while this is not the case for fish (1,3) or avian (4) estera
ses. Although further experiments are needed for the determination of the environ
mental impact of commonly used organophosphate pesticides on amphibia, this verte
brate class should be considered particularly vulnerable. 

References. 

1. Haritos A.A., Salamastrakis S.S. and Veini M., Proc. VIIth ICSEM/IOC/UNEP Work-
shop Mar. Pol. Mediter., Lucern 1984 {in press). 

2. Holmes R.S., Masters L.J. and Webb E.L., 1968, Camp. Biochem. Physiol. 837-852. 
3. Haritos A.A. and Salamastrakis S.S., 1982, Camp. Biochem. Physiol. 72B, 477-480. 
4 •. Veini M., Tsitsiloni O.E., Martini S.M. and Haritos A.A., 1986, Comp. Biochem • 

Physiol. (in press). 
5. Haritos A.A. and Rosemeyer M.A., 1985, Biochem. Biophys. Acta 830, 113-119. 
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I-V1 
GENETIC DIFFERENTIATION AND SPECIATION 

IN THE GREEK ARcHIPELAGO : THE GENUS Al..BINARIA 

A. AYOUTANTI 0
, s. TSAKAS 0

, C.B. KRIMBAS 0 and M. MYLONAS 00 

o Department of Genetics, Agricultural College of Athens, 
rera Odes 75, Athens (Greece) 

oo Department of Ecology and Systematics, Biology, The 
University of Athens, Panepistimioupolis-Kouponia, 
Athens (Greece) 

The Aegean sea is full of islands forming an archipelago. This 
archipelago seem to be an ideal place for the study of genetic dif
ferentiation and speciation taking place because of geographical 
isolation imposed by the sea barriers between different islands. This 
holds true for those species that practically do not migrate. In this 
respect the ancienty 'of the islands is·also relevant: They have been 
formed by the sinking and subsequent submersion by sea of a land mass 
occupying the Aegean, a process that started at the Miocene. The geo
logic history is however much more complicated: islands have been 
separated at different times, they split apart and have been again re
united either because of tectonic movements or by changes of sea level 
during glaciations. A detailed study of the genetic differentiation 
of populations belonging to the same species or genus could eventually 
shed also some light to the history of these geological processes. We 
have selected for study a land mollusc, the genus Albinaria, which 
according to taxonomists, displays several species and subspecies in 
the Aegean and the lands surrounding it. The positions of the eleven 
populations studied are indicated in the map. 

1 Tenos (Albinaria coerulea coerulea), 2 Naxos (I:A.c.milleri, 
II:~·£·£·) 3 Antiparos (~.s_.anti~4 Pholegandros-(I:~.s_.Alteco
s.tata, II: ~.s_.milleri, III:~.s_.s_.), 5 Santorini (~.s_.? or breviccllis?), 
6 Anaphi (I:~.brevicollis contraria, II:~.£.anaphiensis), 7 Crete, 
Vamos (~.distans?) . 

Individuals from these populations have been studied eiectropho
retically for allozymes at a number of loci, 27 in total (Adh, Idh, 
Mdh-1,-2, Odh, Bdh-1,-2, a-Gpdh, Lap, Got-l,-2, Phi-1,-2, 6-Pgdh, 
Est-1,-2,-3, Pgm-1,-2, AK, Pept-l,-2,-3,-4,-S,.Diaph-1,-2). The genetic 
distances between populations have been calculated and from their 
matrix a phylogenetic tree was constructed. 

PHOL. PHOL PHOLSANT, TEN. NAX. NAX. ANTI.ANAPH.ANAPH.CRET. 
IlliJI: :r-:n: JI I 

Th~re is a h1gn pos1t1ve correlation between genetic distance and 
geographic distance. For all pairs of populations studied the correla
tion coefficient is r~0.78±0.08. This high correlation is produced 
mainly by the inclusion of Crete. When Crete is excluded it drops to 
0.49±0.18. In the phylogenetic tree all populations from Cyclades are 
grouped together, the Anaphi and Cretan ones diverging from them. 
Populations described as different subspecies and residing in the same 
island db not differ genetically in the case of Naxos and Pholegandros, 
but they do so in Anaphi. Santorini seem to harbor a population simi
lar to Pholegandros and that it should be included within the coerulea 
group. This species seem to occupy an area limited by the 200m isobath 
containing all the Cyclades islands studied except for Anaphi. The 
population from Crete is quite different from the others and this is 
not a surprise since Crete was separated from the other islands at an 
earlier time~ 

There is a good correspondance between genetic data and geographic 
and geological data. On the contrary morphology is not a good indicator 
of phylogeny; these characters probably have been subject to selection 
and similaritiesdisplayed reflect ecological similarities rather than 
phylogenetic affinities. 
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Sul\'rnary 

NlJfRIENTS TRANSFER PROCESSES IN AN ES1UARINE ENVIRON'-IENT 

IN THE NoRTH AEGEAN SEA 

Nikolaos FRILIGOS 

National Center for Marine Research, Hellinikon, Athens (Greece) 

Th~ distribution of salinity, temp~ratur~, nutrients and phytoplankton 

of thr. Al~xandroupolis coast both insid~ and outsid~ th~ Evros Riv~r plume, 

u~r~ ot.served during thr~e cru.isr.s b~tu~~n March 1g81 and March 1982. The 

data presented h.:-re fTom the Evros River effluent region indicate that 

during periods of high river discharge ·(latr. tJinter) the distribution Of 

surface mixtures of river and coastal IJater is considerably less uniform 

than periods of low river discharge. The water below the 10m depth does not 

appear to have changed between the March and August survey periods if 

salinity and nutrients are used as indicators. From the arguments above, 

it emerges that the uaters of the Evros River plume consists primarily of 

two component mixtures of Evros River water and of surface sea-

water, but they may contain variable fractions of entrained and intermixed 

deeper water. In the area under investi9ation, the rtver seems to make its 

effect felt in a different m01nner in two different zon~s. 

The first,inside the Evros River plume,has an abrupt decrease in the 

salinity,and an increased concentration of nutrients.For this zone there 

is a highly signif-icant correlation bettJeen nutrients and. salinity,indica-

tive if predc.minant physical influence upon their distribution,and the nutri-

ents never decrease to zuo level.ln late tJinter,floci::ulation and precipita-

tion are not important in the removal of nutrients from these mixtures and 

it is assumed that they arr. unimportant during the remainder of the year. 

The second zone outside the Evros River plume in which the above menttoned 

correlation is nD lDngn significant because Df the superpDsition of biolo-

'3ical factors,showed algal growth,; which lowered the content of nutrients 

to the point of exh;auuing the limiting element,which wu ft~und to be nitro-

gen. 
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Summar>y 

ANTROPOGENIC INFWENCE OF THE I<RKA RIVER ESTUARY ECOSYSTEM 

(t·1IDDLE ADRIATIC CoAsT) 

Ilija VUKADIN and Zvonko GRZETIC0 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 
o Hydrographic Institute of the Yugoslav Navy, Split (Yugoslavia) 

Results of researahes of hydrographia,geologiaaZ, ahemiaaZ and 
bioZogiaaZ parameters, aarried out in the Krka estuary show that this 
area is under very st1•onq influenae of land faators, i.e. freshwater> 
and industrial and urban effluents (still untreated). 

Mentioned influws bring large quantities of wastes and very toxic 
heavy metals (Zn, Cu, Pb and Hg) whiah have made this basin one of 
the most threatened areas along the eastern Adriatia aoast. 

Introduction 

The area of Krka estuary, middle Adriatic coast, is a semiclosed 
basin with rather low values of current speed, peculiar morphological 
properties and high production. Water exchange with the adi~cent sea 
is rather poor. Consigerable discharge of freshwater (49 m /sec) and 
sewage waters (45 x 10 m3Jyr) are discharged into the sea. They affect 
to a considerable extent chemical properties of the study area. 

Material and Methods 

Samples were collected from several characteristic stations in 
the estuary in the vicinity of urban centre and from an open sea 
station. Samplings and analyses were carried out in 1983-1985. 
Standard oceanographic methods were applied. 

Results and Discussion 

* Table 1. Annual inputs in the Krka estuary 

Inorganic Inorganic SuspfO!nded 
nitrogen phosphorus solids 

Krka 1410 126 1288 River 

Sewage 395 15 1:!.2 effluents 

Total 1805 141 1300 

All values are given in tons/year 

Zn Cu Pb 

1.7 1.0 .1. 5 

2.3 4.3 2.9 

4.0 5.3 4.4 

Table 1 presents the major sources of wastes ana estimated 

Hg 

0 . ., 

0.8 

1.5 

annu~l inputs of some important elements. The behaviour of dissolved 
innorganic phosphorus and other nutriencs in Krka estuary was stualed I 
by Buljan (1969) and Buljan et aZ. (1980) who found that the rivers 
entering the Adriatic sea on the eastern coast were poor in phosphorus. 
This may be accounted for by the fact that phosphate is removad from 
these waters presumably by adsorptio~ on particulate material and 
subsequent sedimentation. 

Nutrient values are very high on the freshwater end of the 
estuary to be decreased to low values at the mouth (22.6 - 0.1 
fmol/dm3). Nutrients showed considerable scatter as often found when 
one parameter is plotted against salinity. The data indicate a 
substantial loss of phosphate from the water of the estuary, the 
greatest proportion of the removal taking place in the upper estuary 
at salinities below 10 x l0-3. If the removal of phosphate is mainly 
due to biological activity than the other nutrients (ammonia and 
nitrates) will presumably also be removed what would result in a 
linear relationship between phosphate and nitrate and ammonia. 
We, however, had non-linear relationship which is indicative of 
non-biological removal of phosphate as well as silica, or maybe 
these salts originate from some other sources in the estuary 
(sewage waters). It is obvious that inorganic N is biologically 
controlled in the estuary while P and Si show rather a geochemical 
influence. 

The study or ~ce metals is of considerable interest since some 
of them are essential for the life while others are highly toxic. 
Here we studied horizontal and vertical transport of these substances 
and their concentrations in sediments. 

Horizontal transport is dominated by simple advective flow 
and the vertical transport is influenced by a number of physical. 
biological and chemical processes. It is obvious from the table 
that the sewage effluents are major sources of these trace metals 
in the Krka estuary. 

Sediments act as a storage agent for trace metals. In general, 
Hg, Zn and As contents in surface sediment layers in the Krka estuary 
were hignerby approximatively an order of magnitud~ in comparison to 
the values found at the open sea station Zn (140.0 : 29.0 mg/kg), 
Cu (45.8 : 8.6 mg/kg), As (14.2 : 1.8 mg/kg) and Hg (1.94:0.02 mg/kg) 
These values have made this basin one of the most threatened area 
along the eastern Adriatic coast. 

References: 

Buljan, M. (1969) Neka hidrografska svojstva estuarnih podrucja 
rijeke Krke i Zrmanje. Krs Jugoslavije, JAZ~~ 6, 303-331. 

Buljan, M. Stojanoski, L. and I. Vukadin (1980) Chemical water 
properties in Krka River estuary. Hidrografski godisnjak 
Split, 1976/77, 97-123. 

Sharp, J.h., Culberson, C.H. and Church, T.M. (1982). The chemistry 
of the Delavare estuary. General consideration. Limnol . 
Ocea:nogr., 1 (1) : 1015-1029. 



I 

L-13 

ABSTRACT 
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The unicellular marine alga Acetabularia acetabulum L. (Silva), Dasycladaceae, is a 
useful organism to study the impact of tritium on the aquatic environment. The plant 
is capable of converting HTO to OBT, under light as well as under dark conditions, 
although to a lower extent. Acetabularia actively incorporates supplied amino acids 
(H3 -leucine) into cell and chloroplast proteins, having molecular weights ranging 
from 140 to 12 kdaltons. HT/HTO and HT/OBT conversion is under investigation. 

1. INTRODUCTION 

Recent work suggested that in fusion reactor facili5fes and in recovery systems, 
tritium inventories could attain very high values (10 ci or 3. 7 EBq) (Peterman et 
al., 1985). The possibility, thus, exists that workers shall be exposed to high 

~~nc;;;::::o~~t:f ::::!~: !:~e~~~1~r [~T) ~::~~io;r~!o:: ~o ::~t:::n::ic0o:p:~at!~: 
foodchains leading to man. This last aspect is of particular importance since OBT in 
human foods could increase the total body dose by a factor of 1. 7-4.5 times the free 
body water dose alone (Travis, 1985). 

Tritium may be taken up by aquatic organisms, directly from the .surrounding water 
(HTO, dissolved tritiated organ.ic molecules or HT), or indirectly through 
contaminated foods. Micro- and macro-algae are of particular interest for 
investigations on the behaviour of tritium in the aquatic environment. In previous 
studies (Bonotto et al., 1982 ; Arapis et al., 1984a,b), we have shown that tritium, 
supplied as tritiated water, was incorporated into the organic matter of various 
green algae. This paper deals with the incorporation of tritium supplied to 
Acetabularia, under light and/or dark· conditions, in different chemical forms 
(tritiated water, tritiated, amino acids and tritium gas). 

2. RESULTS AND DISCUSSION 

. 5 
When vegetative Acetabularia cells are supplied with HTO (10 fJCi/ml or 3. 7 x 10 
Bq/ml) during 7 days, tritium is incorporated into their organic matter. 
Microcombustion analyses have shown that under dark conditions the amount of organic 
tritium (OBT) present in the. cells is lower than that fixed under light conditions 
by a factor of about 4. Nevertheless, it is of interest to notice that HTO/OBT 
conversion oc~urs even in darkness. 

4 Tritiated leucine (1 11Ci or 3. 7 x 10 Bq/ml) was taken up at a higher rate under 
light than under dark conditions. At the "nd of the experiments (24 h), however, the 
uptake of H3 -leucine in darkness was reduced only by about 20%. The ratio between 
acid soluble and acid insoluble tritiated compounds, after a 5 h incubation period, 
was respectively 1. 8 and 2.4 in light and in darkness. The incorporation of tritium 
from tritiated water (HTO) or from tritiated leucine (OBT),. into the proteins of 
whole and/or isolated chloroplasts (labeled in vivo), was studied also by 
electrophoresis on 15% polyacrylamide gels. Protrln markers were used to determine 
the approximate molecular weight of the tritiated molecules. The . gels were sliced 
and counted, as reported betore \Arap1s et al., 1984b), or submitted ro 
autoradiography (Kodak X-Ray Ortho G Film, using a fluorographic procedure). Labeled 
proteins had molecular weights ranging from 140 to 12 kdaltons in whole cells as 
well as in chloroplasts. Since very recent work has shown that algal chloroplasts 
(Chlamydomonas reinhardii) have an hydrogenase activity (Majone and Gibbs, 1986), 
the incorporation of tritium gas into Acetabularia (one cell contains about 10 
millions of chloroplasts) is being studied. 
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IMPACT OF LAND-BASED SOURCES ON CI-ROMIUM SPECIES 

AND CONCENTRATIONS IN COASTAL WATERS WEST OF ALEXANDRIA 

0. ABDUL DAHAB and Y. HALIM 

Oceanography Department, Faculty of Science, Alexandria (Egypt) 

Nothing is known about chromium levels in Egyptian waters, 

its speciation and input from land-based sources, and very little 

from the Mediterrane~n basin(1). The present study aims at assess-

1ng the relative proportions of Cr III, Cr VI and particulate Cr in 

the sources and in coastal waters (Mex Bay)at20stations occupied 

during two successive cruises. Samples were pumped out from sur

face and bottom layers and kept in acid-washed PVC containers. 

All the precautionary recommendations of Kremling( 2 ) were followed. 

Filteration was carried out on acid precleaned Nuclepore filters 

(0.4 urn). Co-precipitation / AAS procedure was followed to disting

uish between Cr III and Cr VI.C 2&3 ) Flameless AAS was applied using 

a double-beam Perkin-Elmer AAS. Analysis of 15 replicates gave a 

coefficient of variation of 7% . The rates of input are given in 

table 1 and the distributions in figure 2.1-2.2. The total average 

concentrations and the relative proportions of the three forms in 

coastal waters and in the sources are illustrated on figure 1. Cr 

in all forms, decreased slightly seaward but the decrease was more 

pronounced for particulate Cr. The concentrations in coastal waters 

ranged from 0.09 to 7.11 ugl-1 (particulate), 0.005 to 1.37 ugl- 1 

(Cr III) and from 0.03 to 3.01 ugl-1 (Cr VI). The relatively low 

proportion (ll %) of Cr III in sea water is likely to be caused by 

oxidation to Cr III, by adsorption followed by precipitation. 

The input of the tanneries effluent however is mainly in the 

form of Cr III (chromium sulfate) while the particulate form is 

tlominant in the other effluents. The proportion of Cr VI increases 

rapidly offshore, the particulate form remaining dominant. 
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HEAVY METAL CONCENTRATIONS IN A MARINE AREA INFWENCED BY RIVER DISCHARGES 
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SUMMARY. 

A study was carried out for the determination of several toxic heavy 
metal concentrations (Cd, Cr, Hg, Pb and Zn) in the marine area affected by 
the Guadalhorce river mouth (Malaga. Spain). Spatial and temporal distribution 
of the concentrations suggest that those heavy metal levels are stable and charac
teristic of the studied area, and they are not caused solely by the river dischar
ges. 

TEXT. 

The heavy metal levels detected in the marine environment come from 
natural geochemical processes, and from the movilization of these metals by 
the mining and industrial activities of man, whose residues are discharged into 
the sea. Some metals such as manganese, iron and copper, are essential micronu
trients for many organisms. However, all the metals, including the micronutrients, 
are toxic in sufficiently high concentrations ( 1, 2). 

We studied several toxic heavy metal concentration.>: cadmium (Cd), 
chromium (Cr), mercury (Hg), l"ead (Pb) and zinc (Zn), present in the marine 
area near ·Guadalhorce river mouth (Malaga. Spain). 

The sampling was made over a year in a semicircular area with a radius 
of 1 Km, and centred in the river mouth, where 16 sampling stations were establi
shed. All the samples were fixed with concentrated nitric acid for the preserva
tion until the analysis. 

The Cd, Cr, Pb and Zn concentrations were determined by the Flame 
Atomic Absorption Spectrophotometry technique (3). Mercury concentrations were 
obtained by the col:d vapor technique (3). All the determinations were carried 
out using and Atomic Absorption Spectrophotometer (Instrumentation Laboratory, 
Model IL 451) with a vapor generator system (Model IL 440). 

The results are summarised in table 1, where it is shown that dangerous 
levels of metals were never detected in comparison with those specified by Bryan 
( 1). However, the studied heavy metal concentrations were higher, in one order 
of magnitude than those obtained by Aubert et al. ( 4) in samples taken 5 miles 
from ·the Malaga coast, and exced in 2 or 3 orders of magnitude the average concen
trations given for clean seawater (5). 

There is a direct and positive relationship between. the concentrations 
obtained for Cd, Cr, Pb and Zn and the distance from the river mouth. On the 
other hand, mercury concentratios are very homogeneous and a variation between 
different sample stations is not observed. 

The spatial distribution of concentrations suggests that river outfall 
is not the major or sole source of heavy metals into the sea. Their presence 
in these waters could be caused by sediment resuspension and element recirculation. 

Temporal distribution is very uniform for the studied metals. So, 
these metal levels are considered as stable and characteristic of this area, 
and probably caused by an ancient and persistent contamination associated with 
the typical resuspension process of coastal areas. 

TABLE 1. Heavy metal concentrations obtained over the sampling period. 

Distance to Number Average concentrations of metals <fg/mJ ) 
river mouth of 

(m) samples Cd Cr Hg Pb Zn 

0.143 0.439 0.008 0.642 0.038 

250 35 0.273 0.704 0.007 1.336 0.073 

500 35 0.270 0.743 0.008 1.306 0.071 

1000 35 0.267 0.775 0.008 1.289 0.058 

This work was supported by C. A. I. C. Y. T. grant number 1158/81 from 
Ministerio de Educaci6n y Ciencia of the Spanish Government. 
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PRELIMINARY RESULTS ON TOTAL MERCURY AND METHYLMERCURY CONTENT 

IN DIFFERENT TISSUES OF TWO BENTHIC SPECIES COLLECTED 

IN THE NORTHERN TYRRHENIAN SEA 

R. BARGAGLI 0
, C. BARGHIGIANI 00

, D. GIOFFRE' oo, D. PELLEGRINI 000 and M. TORTroo 
0 Department of Environmental Biology, Via della Cerchia 3, Siena (Italy) 

00 Biophysic Institute, Italian Research Council, Via S. Lorenzo 26, Pi sa (Italy) 
ooo Interuniversity Marine Biology Centre, Piazzale Mascagni 1, Livorno (Italy) 

Mercury originating from the weathering of the cinnabar deposits on Mt.Amiata, and 
from the mining and processing of ore in the past, affects the sediments of the 

northern Tyrrhenian continental shelf ( 1) .. On the contrary, the metal content in sea 

water does not seem affected (2) •. Benthic organisms, even from the outer shelf where 
sediments are unpolluted, show high Hg concentrations (3,4). This induced us to de
termine total Hg and methylmercury (MeHg) in the tissues of several benthic organ-
isms. 

During 1984 samples of superficial sediments, of the flat fish Citharus linguatula 

(L.) and of the crustacean Medorippe lanata (L.) were collected in three zones (A,B, 
C) of the Tyrrhenian continental 
shelf (Fig .1) . Samples were ~

gested w~ th cone. HN03 at 120 C 
for 6 h in teflon vessels under 
pressure. Total Hg was determined 
with cold vapour atomic absorption 
spectrophotometry; the ·organic 
forms of Hg (referred as MeHg) 
were analyzed following the proce
dure described by Capelli et al.(5). 

Total Hg concentrations in sed
iments were high at the outlet·of 
the river Albegna (zone A), much 
lower in front of the Ombrone and 
approached background levels in 
zone c (TAB .1) • Concentrations in 

'. ~ } 
..:,;.JJJ 
~ 
Elba 1. ···100 

,·· · .. zoo 

TAB. 1 

Fig. 1 

Maaq mercury. concentration. Cpg. q -
1 
d.w.) ·in sediment!!~, c. linquatula and M. !a nata 

C. l1nsuatula 

Range of lenqth: 6-8 Ctn Range of length:10-11cm Ranqe of weight: 12.0-21.2 9 

Zone .St, Sediments Muscle .liver.viscera n Muscle liver viscera n Muscle gillD.vis.cera·oarapace n 

2.00 0.77 0.67 0.66 2.00 1.68 1.40 1.60 5.20 2.80 0.14 
1.45 2.81· 2.38 0.80 2.47 2.08 2.70 0.21 
1.25 1.05 0.80 0.90 2.00 1.75 1.52 1.10 2.80 1.05 0.13. 

0.60 1.15 0.77 1.00 0.98 0.60 0.68 1.17 2.10 1.47 0.10 

0.20 0.95 0.81 0.76 3.20 2.49 2.27 1 
Standard deviations a~e 31.12-48.16\ of their mean value for muscle~ 49.15-71.68\ for liver# 35.01-
97 .. 15\ for viscera 22.13-57.01\ for gills and 37.11-47.35\ for carapace; n: number of samples 

organisms did not ref.Lect the Hg content in the sediment and were generally higher 
in the larger specimens. While in the muscle of the two species the metal content 
was in the same range, the viscera of ~ (which. included the digestive gland) 
showed higher values than the viscera or liver of C.linguatula. The different phys
iology and breeding behaviorin these organism$ probably contribute to this result. 

Although in literature there is evidence of Hg uptake from water (6), this aspec 
is often neglected. The highest concentrations of Hg have been found in crustacean 
gills and this fact 'seems to indicate their involvement in the uptake of the metal. 

Results of MeHg determinations in C.linguatula and M.lanata are summarized in 

TAB. 2. Data on sediments are not reported as they were always less than 1% of the 
total Hg. 

TAB. 2 
Mean m.ethylmercury content (as \ of total mercury ± SD) in C.linquatula and M.lanata 

c .linsuatula, M.lanata 

Muscle Liver Viscera no of samples Muscle Viscera Gills n° of samples 

80.1±4.3 30.5±12.5 26.8±7.9 10 

The percentages .of MeHg in the muscle of the two organisms are similar and cor-
respond to those found in several species of fish (7). 

Research is in progress on other organisms of the benthic food-chain and on 

ecological factors involved in Hg bioaccumulation. 
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FLUX DU (AIMilX'l A L' INTERFACE SEDIMENT-EAU DE MER DANS LE CAS 

DU PLATEAU CONTINENTAL DE LA 11EDITERRANEE NoRD-OCCIDENTALE. 

COMPARAISON AVEC LE CAS DU WIVRE ET CEWI DU flANGANESE 
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D'une fac;on assez g€n€rale, les teneurs en rnetaux sont relativernent fortes dans Jes semments au 
voisinage d'un point de rejet (f1euve ou emissalre d'eaux urbaines usees). Les teneurs dimimient, par Iois 
fortement, avec la distance en s'eloignant du point de rejet (Arnoux et al., 1981; Forstner, l980). 

Dans certais cas, la diminution peut-etre expliquee par le fait que le materiel poilu€- <.Jeverse se 
melange de plus en pius a du materiel d_'origine naturelle. Par ex. !e 1natciriel des caux rCsiduaires, qui 
sort de la station d'epuration de Cagnes/Mer est ''dilue dans celui du Var, Ilcuve dont !'embouchure est 
assez proche de l'emissaire. 

La de-croissance des teneurs en metaux (en particulicr Cd et Cu) dans 
diverses embouchures de fleuves mediterraneens 
particu1ier devant l'embouchure du Grand RhOne 

Quelles sont alors les modaUtes de la de-croissance ? Considerons Jes concentrations en Cd dans 
l'eau des sediments superficiels et dans l'eau de mer directement sus-jacente, pres de l'embouchure du 
Grand Rh6ne. 

Les concentrations en Cd dissous dans l'eau des sediments les plus superficieJs atteignent ) X 10-9 
M x 1"" 1 pres de !'embouchure. Les concentrations dans l'eau de mer directernent sus-jacente avoisinent 
10 . La difference, qui s'etablit sur 2cm, est de environ 4.!0- 9 M. 

On peut estimer la valeur du flux ascendant a !'aide de la forme sirnpliliee de la !ere Loi de 
Fick : F = Ds.L:.C/i::. z (Berner, 197!; Li et Gregory, 1974; Billen, 1977; Fernex et al., 1986). 

6 C = dlfference des concentrations de part" et d'autre de !'interface. 
A z !::" hauteur entre les 2 points oU les ~oncentrations sont mesun!es. 

Ds : coefficient de migration (au dispersion). 
On ne peut pas uti11ser d1rectement ie coefficient de dd!usion ionique D, parce que la migration 

des mt.haux dissous est due non seulement a la diffusion simple, plus ou rnoins genee par les grains de Ia 
phase solide, mais aussi due 8. la bioturbation. Cette derniere iavorise Ja migration a partir des eaux 
interstitie~les vers l'eau de mer sus-jacente qui est plus pauvre en Cd dissous. Pres de !'.embouchure ce 

~~~fe~~r~o~t l~~~~~~xx d~~~fu1;s5 :\ui :a;;:~s~~t ~~o~:~r::~n~,a~~~~~~n~ ~~o::~i~:n x2 s~
1

~is~t~~~2~:'ir~~ 
5.!0 5 s. Le flux total pendant 2 mois vaut env. w- 9 M. Pres du Rhone, 2cm x em' de vase humide 
contiennent l a 2 X w- 8 M de Cd total. Ainsi, pres du Rhone, seulement 5 a 10% du Cd depose seraient 
liberes vers l'eau de mer apres le dep6t. 

Plus au large (vers les fonds de 80m), le taux de sedimentation est voisin de 0,5crn/an. Un depot 
de 2cm correspond a 4 ans. Les concentrations dans l'eau des sedi1nents superficiels sont un peu plus 
faibles ici. 6.C est voisin de· w-9 M. Si le coefficient de dispersion (ou de migration) est de 2 x lO -6 
em' x s· 1 ,·le flux total pendant 4 ans (soit environ !06 sl est de 2 x 10·8 M x crn·2 • Cela correspond 
a au moins 5 fois 1a auantite stockee. 

Au large ou delta, les concentrations en Ca total du sediment sont environ 10 fois plus faible5. 
que juste devant !'embouchure. La decroissance sei"ait due pour la moith~ au mojns a la mise en solution 
et a la liberation vers l'eau de mer sus-jacent apres le dt!pOt du Cd "purticulaire". Le reste serait libere 
pendant le transport dans 1'eau de mer. 

L ~etude de 1a phase soli de au moyen d'extractions sequentielles montre que le Cd assode il 
chacune des fractions du sediment {carbonates + phase echangeable, fraction reductible, etc) participe a 
!'alimentation de la phase dissoute dans les eaux interstitielles (voir fig.). 

Bien que la chute des concentrations en Cu total des sediments soit proportionnellement mains 
importante que dans le cas du Cd, les comportements generaux de ces metaux se ressemblent. Toutefois 
le Cu mis en solution provient surtout de la phase oxydable du sediment (principalement matiere 
organique). Le Mn a un comportement bien different. 11 est en effet beaucoup mains soluble en milieux 
oxydant (sediments superficiels au large) qu'en milieux reducteur (pres de !'embouchure). Ce metal est 
moderement libere vers lleau de mer 9ue ce soit pendant Je transit ou apres le depOt. 

En conclUsion, 11 apparait que le Cd deverse en mer sous forme particulaire (adsorbee ou autre) 
est facilement m1s en solution et me1e a la pleine eau. Les concentrations dans la pleine eau restent 
neanmoins faibles. Cela suggere que, au large, des particules en suspension ou (et) des organismes 
planctoniques sont susceptibJes de le fix"er. Ces "particu!es" finissent par decanter beaucoup plus loin; et 
entrainent le Cd vers des fonds du grand large. 

APPORT DES METAUX 
DANS LES SEDIMENTS 

PART STOCKEE DANS LES SEDIMENTS 
ET PART RELACHEE DANS t.: EAU DE MER 

d'apres FERNEX et al., 198.6, modJfit.L 

. ADDED A., 1981 - Etude geochimique et sedimentologique des s€dirnenls 1narins tlu Delta du RhOne. 
Th.3e C •• Lab.Geodyn.Vilteiranche(Mer, Univ.Paris VI, 263p • 
• ADDEO A., FE.RNEX F., RAPJN F., 1980 - Distribution oi hacvy, IHCl<.lls i11 the supcr[icrul murine 
sediments. Prog.Wat.Techn., (IAWPR), Pergamon Pr., 12/1; 89-96 . 
• ARNOUX A., MONOD J.L., TATOSSlAN J., BLANC A. ct OPPETIT F., !'JSO - Lu pollution chirniquc 
des fonds du Golfe de Fos. 5es Jounees Etud.Pollut. (Cagliari), C.J.E.S.M. (Monaco) ct P.N.U.E.; 
447··458. 
• BILLEN G., 1977 -Etude ecologique des transformations de !'azOte. Th.Sci.£_1~5:_~ Univ.l3ruxelle!', 266[) • 
• BERNER R.A., 1971 - Principles of chemical sedimentology. Me Gruw-1-!il! IJool< Conrpuny; Franl< 
Press; 240p . 
• FERNEX F., SPAN D., FLATEAU G., RENARD D., 1936 - 11ehaviour of some rneta!s in supC'rficial 
sediments of the NW Mediterranean continental she!!. A par. in [nvir~y; Springer-Verla~. 
. ~ORSTNER U., 1930 - Cadmium. The Handbook Environ.Chentistry~/\ 1 Springer-Verlag, Ucrlln
Herdelberg, p.59-l 07. 

: ~~JN' ~.~El~~~~~ ~~~J:7;a; ~~f~~l~~~e~rfer!~n~h~~1ni~~~-~~te!~· :1e~+!"~~'-',:~·~~'!;'2pc0.~:- ~8 ' 
sediments marins recents. Th.3e C., Lab.G€odyn.ViJlcfranche/Mer, 

Travail rCa!ise dans le cadre de l'ATP CNI~.S t;Cotu!;rt>-Gl:upllysiquc des OcC<.~n::.. 
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L-Is 
WATER MASSES AND NUTRIENT CIRCULATION IN AN ANOXIC MARINE BAY 

N. FRILIGOS and S. BARBETSEAS 

National Centre for Marine Research, Hellinikon, Athens (Greece) 

Summary 

Measurements of temperature, salinity, dissolved oxygen were made 

during 1985 in the Elefsis Bay, an anoxic basin in the Saronikos 

Gulf. The Elefsis Bay threatened by organic overload is in a more 

serious state of degradation than the rest of the Saronikos Gulf 

and the destratification phenomenon has substancial effect on th< 

distribution and circulation of oxygen and nutrients in the Bay. 

Because of its shallowness the Bay responds quic~.·ly to local weather 

exposure. Thus in winder time it is colder (- 10 °C) and fresher 

than in summer. In the destratification period, accompanying vertical 

mixing replenishes oxygen to near saturation allowing aerobic proces

s.es tC• proceed again until the oxygen depleted. This mixing will also 

accelerate the imput of benthic regenerated nutrients into the eupho-

tic zone, which may support phytoplankton growth. Thus each winter the 

Bay probably will support large plankton crops and grazing fish will 

re-enter until anoxic conditions re-occur in the early summer. Enormously 

high concentrations of nutrients were concentrated in the Elefsis Bay, 

but the rapid renewal time of apoproximately 2 months was sufficient to 

reduce the nutrient concentrations. 

[late 

31-1-85 
3-5-85 
7-7-85 
1-9-85 

31-1-85 
3-5-85 
7-7-85 
1-9-85 

f1~;:. 1 Location'> of the statiom acros~ the east-west transect in the 
Elefsis.Bay. 

K and N 

Stat 1 un P04-P 81 04-Sl NH4-N N02-N N03-t-l 'N 

0.43 0. 70 0 ~66 0.21 0. 70 1.57 
0.54 6.24 2.08 0.19 0.91 3.18 
1.14 12.38 0.49 0.21 5. 30 6.00 
1.28 9.94 1.58 0.13 1.66 3.37 
0.10 1.82 0.30 0.32 0.80 1.42 

N 0.17 2.38 0. 70 (! .15 1.48 2.33 

r" 0.13 1.39 0.20 0.12 0.53 0.85 
N 0.20 2.34 0.25 0.09 1.15 1.49 

3.65 1.62 
5.88 11.5 
~·.6 10.8 
2.6 7.8 

14.2 18.2 
13.7 14.0 
6.5 10.8 
7.4 11.7 

Table- 2. Cc•nce-ntTation of 0.0 (ml/1) and nutrients (t"g-.at/1) at tt-,e- ma>:imum 

depth of 30 m at static•n K 

Date D.O. P04-P S1 04-Si HH4+l N02-H lW3-N 

31-1-85 5.11 0.34 1.:0•8 0.95 0.26 1.58 
3-5-85 2.86 1.19 15.47 4.44 0.43 2.28 
7-7-85 0.07 3.18 32.15 1.37 0.06 0.43 
1-9-85 0.00 4.52 30.31 9.62 0.09 0.50 

Table 3. :C%. amrr,c•nla and phc•<;.phate releas.e-d 1n Ele-fs1-:. Bay 

Stat 1 on ------==--------t'~==~-~~~-=~~=~~-~=~~~=~~---~:==~-~~~=~~=-~~-~~~~~~~~---
Jan. May J a n. M a y t-1 a y 

5.4 ~·.6 1.18 2.85 18.70 

4. 0 4.0 2.07 3.50 1=~ • .20 

2.9 4.2 2.55 3.60 15.00 

4.4 4.4 1 .48 3.00 6.86 

2. 7 1.3 1 .69 1 .40 10.92 

2.5 1 .3 2.69 1.20 4 .2S 

~ •• (r 2.6 5.30 6.(10 4. 92 

3.6 2.2 2.91 4. 00 4.47 

1.8 1 .. · 3.64 1 .80 5.65 

(! .G (1.8 0.90 4. 4(1 



L-IIl 
LEVELS AND TRENDS OF THE POLLUTION OF CHLORINATED HYDROCARBONS 

IN M.JsSELS FRa-1 THE f.1EDITERRANEAN SEA 

M. PICER 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

It is well documented that synthetic chlorinated hydrocarbon residues are 

widespread throughout the oceanic ecosystem. The Mediterranean Sea, as a semi-enclosed 

body of water, is of special interest and there are many baseline studies to measure 

the existing levels of these contaminants in various components of the ecosystem in 

order to gauge the magnitude of possible future pollution by these or other similar 

chemicals. In such baseline studies chlorinated hydrocarbons are measured in many 

marine species, from plants to various planktonic organisrr.s as well as from fish to 

birds and mammals. However mussels , as very popular and widespread indica tor organisms 

were analyzed most frequently in comparison with other species. Figure 1 presents 

sWDIP.arized data of such baseline studies on the chlorinated :,_, ->,ocarbons pollution of 

mussels from the Mediterranean Sea which have been published in literature or are 

available in other ways. Presented averages were calculated as arithmetic means by 

using separate data, but if such data were not available for the investigated area, 

averages were calculated by combining available arithmetic means and arithmetic 

means obtained from single data. It means that for some areas averages are presented 

as arithmetic means obtained from arithmetic means available in previously published 

papers. Data are presented as concentrations on a wet weight basis. In cases where 

data in literature were published only on dry weight basis, concentrations on wet 

weight basis were calculated by dividing concentrations on dry weight basis with 5.2. 

Seasonal changes of the concentrations of chlorinatea nyarocarbon residues in 

the mussels from the Mediterranean Sea and various methodological difficulties en

"~•mtered in comparison of the obtained results are discussed. 

~ 
:X: 
t!) 

- iLi 
~~ 
C)~ 

~~ X 

~ c;c; I -- I 

22 I 
E I 

u~m I 0 :x::cu I ~ mea.. 

D om1 ~ 
1! 

, i I 
I , 

~ I 
I 
I 

J 
, 

> j 
~ 

~ 
.!l 

i 
-~ 

~ 
I ~ I 
I 

3 I -I E 
U') 

I 
.I 

~ .,... I 
U') 

~ 7£61-0/.61 

~ ~j 
~ ..: 

~ 

111 

L-II2 
CHLORINATED HYDROCARBONS AND ATRAZINE IN THE WATERS 

oF TAGLIAMENTO EsruARv, NoRTH-EAsT ITALY 

V.U. FOSSAT0°, G. PERIN° 0
, A. CARNIEL000

, L. CRABOLEDDA 0 and F. DOLCI 0 

o Istituto di Biologia del Mare, CNR, Venezia (Italia) 
00 Dipartimento di Scienze Ambientali, Universita, Venezia (Italia) 

ooo Presidio Multizonale di Prevenzione, Pordenone (Italia) 

From March, 1983 to August, 1984 water samples were monthly collec

ted at one station, Bevazzana, located 5 km upstream from the mouth of 

Tagliamento river (North-Eas;t Italy) and analysed for chlorinated 

hydrocarbon and atrazine content. Water samples were taken at a depth 

of 0.5 ~ 1.0 m and immediately filtered through Gelman A/E glass fiber 

filters. 

For chlorinated hydrocarbon determination, 15 1 of filtered water 

and filters were separately extracted with n-hexane. The extracts were 

cleaned-up with concentrated sulphuric acid and fractioned into clas

ses 6f chlorinated hydrocarbons by elution rrom a silica gel micro

column. Analyses were then accomplished by Ni-63 ECD gas chromatography. 

For atrazine determination, 51 of filtered water and filters were 

separately extracted with benzene. The extracts, dried over anhydrous 

sodium sulphate and concentrated, were analysed by alkali-flame detec

tor gas chromatography. 

The average concentrations of chlorinated hydrocarbons and atrazine 

in water and suspended particulate matter (s.p.m.) are summarized in 

Table 1. 

Chlorinated hydrocarbons were generally low and not always present 

in our samples at concentrations higher than the detectable levels. 

a and r isomers of HCH were identified in all water samples (>0.05 ng/1) 

and also in 34% of s.p.m. IDDT was quantified in all samples analysed 

(>0.1 ng/1). Of the three fractions of IDDT, pp'DDT and pp'DDE were 

usually the major ones and pp'DDD always the smallest, this latter 

often being below detection level. PCBs were found in all samples 

analysed l>0.2 ng/1). As i"or atrazine, it was present in all wate 

samples (>10 ng/1), ••hile .it was absent in s.p.m. 

Of the considered compounds, only chlorinated hydrocarbons showed 

high affinity for particulate matter, in fact 29% of IHCH, 43% of IDDT 

and 54% of IPCB were associated with s.p.m. This finding is consistent 

with their low solubilities compared with other compounds. 

Table 1. Chlorinated hydrocarbon and atrazine residues in water and 

suspended particulate matter of Tagliamento estuary. Mean values and 

standard deviations expressed as ng/1. 

No. IHCH IDDT IPCB Atrazine 

water 18 1.2 ± 1.6 0.5 ± 0.5 2.5 ± 1.3 89 ± 95 

s.p.m. 17 0.5 ± 0.8 0.4 ± 0.4 2.8 ± 1.9 <10 

water + s.p.m. 17 1.7 ± 1.7 0.9 :!: 0.8 5.2 :!: 2.4 89 :!: 95 

Although chlorinated pesticides and PCBs show some fluctuations, no 

clear evidence was obtained for a seasonal pattern or for a significant 

correlation with rainfall or s.p.m., indicating the absence of a local 

source of contamination. This is not surprising in view of the fact 

that from some years the environmental use of chlorinated pesticides 

and PCBs is greatly restricted in Italy. By contrast, atrazine occurs 

in much higher concentrations in river waters than chlorinated hydro

carbons, and furthermore, it shows a marked seasonality: maximum con-

centrations (up to 416 ng/l) were observed during runoff events fol

lowing the heavy atrazine application at planting time; minimum con

centrations were in winter ~Dd early spring (16- 30 ng/1), the supply 

of atrazine being gradually exhausted during summer and autumn. 

The total load of chlorinated hydrocarbons and atrazine carried by 

the river through Bevazzana station, estimated on the basis of their 

mean concentrations and a flow Ol 62 m3/s, was: 3-3 kg/y foriHCH, 

1.8 kg/y foriDDT, 10.2 kg/y foriPCB and174 kg/y for atrazine. 

I 
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L-II3 
LEVELS oF 1-[B's, At...rniN, DDT's, AND RJ3's IN sa--1E WIRINE ORGANISMS 

FR<l'l CAsTELLON AND VALENCIA CoAsTs. SPAIN 

A. PASTOR, F. HERNANDEZ 0
, J. MEDINA 0

, R. MELERO , F.J. WPEZ 0 and M. CONESA 0 

Department of Analytical Chemistry, Faculty of Chem~stry, Valencia (Espana) 
0 Environmental Laboratory, University Colleqe of Castellon, l.astellon (Espana) 

The content of organochlorine pesticides and PCB' s in several moluscs, crus

taceans and fishes were determined. This work is a part of the Mediterranean Pollu

tion Monitoring Programme, MEDPOL, which was carried out during the months July, 

October and November of 1985. 

The samples were collected from Vinaroz, Castellon, Burriana, Sagunto, Valen

cia, Cullera, and Candia, and stored at -22°C. The organisms were classified, weighed 

and their length measured, and the several tissues separated, lyophilised, and ho

mogenised for use in the analyses .Glass and metal material was used, after washing 

.. ith twice distilled water, ethanol and hexane, and drying at 350°C for 12 hours. 

The extraction of these compounds was carried our with hexane in sohxlet for 

5 hours, on 1-5 g of lyophilised organism mixed with and equal quantity of anhidrous 

Na 2so4 . The extract was then cleaned-up with cone H
2
so

4
, and the hexane layer sepa

rated, and dried out in an evaporative concentrator. The residue was dissolved in 

1 mL of hexane, and analysed by GC with electron capture detector, by using glass 

column with OV-17 1.5% and QF-1 1.95% on Chromosorb W-HP 80/100 mesh. 

Alkaline hydrolisis with KOH-ethanol was used for identification of peaks. 

Quantification of peaks was performed by integration of areas, by using the external 

standard method. PCB' s results are given with reference to Arochlor 1254 and 1260. 

Precision and accuracy values were about 5% for PCB' s and 10-16% for the 

remaining compounds. 

The average values of organochlorine pesticides and PCB' s in the marine orga

nisms are given in Table 1. There were no significant variations either according 

to place or to time of year. 

Highest levels of PCB' s appear in fishes, and specially in Tunnus thynus 

and Sardina pilchardus, which also present the highest concentrations of DDT's and 

HCB' s; but P,enerally the degree of pollution by organochlorine co\]lpounds can be 

considered low. The lowest levels of these compounds appear in crustaceans, in 

particular Aristeus ante'lnatus and Palaemon serratus. 

Moreover, by considering the average values, a general tendency to the incre

ase in organochlorine concentration is observed in the different tissues of a same 

animal, in the order: muscle< digestive< liver, specially in Aristeus antennatus, 

Mull us barbatus and Mull us surmuletus. 
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L-II4 
CHLORINATED HYDROCARBONS IN RAII'A'IATER OVER RIJEKA 

N. PICER 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 

Studies of the occurrence of chlorinated hydrocarbons in atmospheric deposition 

and rainfall show that chlorinated hydrocarbons laden dust in the atmosphere was 

transported to Earth by sedimentation and rainfall (WELLS and JOHNSTONE, 1978). It 

is well known that the transport of chlorinated hydrocarbons from continental sources 

to the sea by sedimentation and rainfall is one of the most important sources of sea 

pollution. However, in available literature there are no data on such investigations 

in coastal or open waters of the Mediterranean Sea. 

In the context of the ecological study of the Rijeka Bay a part of the investi

gation concentrated on the elucidation of the pollution extent and pollution sources 

of this area by persistent chlorinated hydrocarbons ( PICER ~ ~., 1981). 

This paper deals with the results of the investigation on the concentrations 

of DDT and its analogous, dieldrin and polychlorinated biphenyls in rainwater sam

ples collected over the city of Rijeka from June 1979 to May 1980. Rainwater was 

collected by using stainless-steel funnel. At the end of the collection period the 

rr.aterial deposited in funnel was washed out mechanically by using glass wool, tap 

water and methanol. Rainwater samples were extracted with n-penthane and after the 

clean-up and separation of PCBs from organochlorine insecticides by using miniature 

silica gel column, eluates were analyzed by ECD gas chromatography. The results of 

the analysis for each collection period are given in Table 1. The PCB/DDT total ra

tios and percentages of p,p'DDT in the DDTtotal are also presented. 

The discussion about the influence of meteorological conditions on concentra

tions of chlorinated hydrocarbons in rainwater and the prediction of annual contri

butions of chlorinated hydrocarbons deposited into the Rijeka &y from the atmos

phere are given. 
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Table 1. Chlorinated hydrocarbons in rainwater over Rijeka (concem:-rations ir1 

ng 1-1) 

Collection period 

27 June - 22 July 
1979 

9 AUj;. - 4 Sept. 
1979 

15 Sept. - 25. Sept. 
1979 

12 Oct. - 6 Nov. 
1979 

9 Nov. - 18 Nov. 
1979 

9 Dec. - 30 Dec. 
1979 

5 Feb. - 7 Feb. 
1980 

7 March - 2 April 
1980 

8 April - 20 April 
1980 

28 April - 31 May 
1980 

DDTtotal Dieldrin 

2.01 0.12 

1.15 0.02 

1.16 0.04 

0.82 0.07 

0.88 0.07 

1.79 0.07 

2.40 0.06 

0.69 0.02 

1.63 0.02 

1.12 0.03 

PCB PCB/DDTtotal % p ,p 'DDT of DDT total 

1.3 0.65 64.2 

3. 7 3.22 84.3 

4.7 4.05 70.7 

3.8 4.63 18.3 

1.4 1.59 79.5 

10.1 5.64 72.1 

12.2 5.08 69.6 

2.8 4.06 81.2 

2.6 1.59 87.1 

2.8 2.50 67.9 
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LANDBASED CONTRIBUTION TO THE DISTRIBUTION PATTERN 

OF sa-lE HEAVY METALS IN A SEMI-ENCLOSED EMMYMENT 

F. VOUTSINOU-TALIADOURI and S.P. VARNAVAS 

National Center for Marine Research, Hellinikon (Greece) 
Department of Geology, University, Patras (Greece) 

Fifty-six surface ~-edirnent samples from the Thermaikos Gulf were ar.alysed 
for Cd, Pb, Cr, Cu, Zn and org. carbon in August 1985. The results showed that 
Pb, Cu and Zn had the same source pollution in order of importance: the 
sewage outfall, the industrial zone and the Axios River. The main source of Cd 
is the Axios River. Chromium exhibits high values in the west coast. 

Introduction: In recent years, certain coastal areas and especially several 
land-locked embayments, such as Thermaikos Gulf, have been very rapidly 
affected by industrialization and the increase of population. The area under 
study in the north of Greece, consists of three parts, the Bay of Thessaloniki 
the Gulf of Thessaloniki to the south of ~ t and the larger and further to 
the south, Therma1kos Gulf. About 120,000 m /day of untreated o;.ewage water 
frorn the city of Thessalor.i k i , with a population of 1, 200,000 inhabit ants, 
are directly discharged into the Bay of Thes~.aloniki. An amc•unt of about 
25,000 m3/day of treated or partially treated divets industrial effluents is 
released on the north western coast of the Bay, where tl-,e industrial zone is 
located (1). Also, on the western side of Thermaikos Gulf, the Rivers 
Loudhias, Aliakmon and, especially, Axios carry with them important amounts of 
some metals. The purpose of this work is to find out whether there have been 
changes since previous investisations in the area (2,3,4), adding stations 
near the pollution sources. 

Material and Methods: In Ausust 1985, sediment samples were collected with 
a 0.1 m:t van Veen srab at 56 locations, which were more denseiy distributed in 
the inr.ermost section and round the mouth of the Axios River. The samples 
were freeze-dried and ground to fine powder. Then, 19 of material was leached 
with 10 ml 50~ of cone. HCl for 3 hours below boiling point. The metal level 
in the filtered solution was estimated on a Perkin-Elmer 305 B A.A.S. equipped 
with a deuterium backsround corrector. The technique employed was that of 
Satsmadjis and Voutsinou-Taliadouri (5). Organic carbon was determined by the 
method of Gaudette et al. ( 6). 

Results and Discussion: Of the metals examined Pb, Cu and Zn exhibit similar 
di~-tTibution patterns. They present maximal concentrations near the sewage 
outfall (334 ppm, 172 ppm, 1610 ppm, respectively). Next to it comes the 
industrial zone with maximal values (245 ppm,B5 ppm and 375 ppm, respectively) 
and the Axios River (130 ppm, 67 ppm, 252 ppm, respectively). The main source 
of Cd is the Axios River (8.7 ppm), then come the sewage outfall and the 
indu;;.trial zone (concentr. values 4.3 ppm, 3.1 ppm). A different distribution 
pattern is observed for Cr, the main source of it is the industrial zone 
(386 ppm) ;md the three rivers (concentr. about 280 ppm). Chromium enrichnent 
appears to have a natural orisin. Organic carbon content varies between 0.4~-
7.~> with maximal value near the sewage outfall, its areal distributions is 
comparable with that of Pb, Cu, Zn. The unaffected section of the Thermaikos 
Gulf displays metal levels comparable with those of other unpolluted Greek 
areas (7,8,9). Maximal values of the present work compared with those from 
the past are much higher. This is due basically to the samples being taken 
closer to the sources of pollut1on. 
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L-III2 
SEASONAL VARIATIONS OF HEAVY METAL CONCENTRATIONS 

IN MJSSELS AND SEA-URCHINS SAMPLED NEAR A HARBOUR AREA 

A. VEGLIA and R. VAISSIERE 

Centre Scientifique de Monaco, 
16 boulevard de Suisse, Monte Carlo (Principaute de Monaco) 

Concentrations of heavy metals (Cd, Cu, Pb, Hg) were 
determined in samples of mussels (Mytilus galloprovincialis) 
and sea-urchins (Arbacia lixula) collected in 1984-1985 near 
the new harbour of Monaco. Mussels were collected at the sur
face and sea-urchins at a depth of 5-6 metres. Only the soft 
tissues of mussels and the internal parts of sea-urchins were 
analysed. Tissues were analysed by atomic absorption spectro
scopy (graphite-furnace for Cd, Cu, Pb and cold-vapour method 
for Hg). 

Results of determinations are shown in Tables 1 and 
(next page}. There is a general tendency for metal concentra
tions to increase when the average dry-weight decreases and 
vice-versa. This is particularly evident for mussels. One can 
notice for these animals a strong increase of the concentra
tions of the four metals for the samples collected in April 
1985. 

Variations of metal concentrations in mussels according to 
the average dry-weight of the analysed animals follow the 
regression equation : 

log(c/c) = -0.068- 1.786 • .cog.(w/w) 

r = -0.667 (0.001 <p< 0.01} 

c average concentration of a metal ~n a given sample 
~ overall mean of concentrations of this metal in all samples 
w = average dry-weight of animals in a given sample 
w overall mean of dry-weights of animals in all samples 

It can be shown that the slope of the corresponding 
regression line significantly differs from the theoreticai 
slope -1.000 that one would get if the observed variations of 
concentration could be explained by variations of dry-weights 
of animals only. It appears that the mussels collected during 
the spring 1985 have metal concentrations which are too high to 
be explained by dry-weight variations only. Such high concen
tration values may be due to (1) a temporary augmentation of 
heavy metal concentrations in sea-water or (2) an increase in 
uptake rate due to a change in the physiological state of the 
animals. It is not possible to establish which hypothesis (1) 
or (2) is true on the basis of the data which are available. We 
notice, however, that the sampling of April 1985 happened in a 
period of phytoplankton production. Biological activity of mus
sels could increase, therefore, as the animals had more food at 
their disposal in that time. 

A similar increase in heavy metal concentration was not 
observed for sea-urchins collected at the same time. This is 
probably due to the fact that mussels and sea-urchins belong to 
very different biological species and feed upon different 
foods. Heavy metal concentrations in sea-urchins seem to exhi
bit a general tendency to decrease when the dry-weight of the 
animals increases. The correlation coefficient, however, is not 
very high (r = -0,499, 0,02 < p < 0,05} and other analysis of 
these animals is necessary to check this hypothesis. 
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Owing to the different responses of mussels and sea
urchins to heavy metals in their environment, further research 
is necessary if one wants to establish precisely the possibi
lity of using sea-urchins as pollution indicators of coastal 
waters. 

TABLE 1 Trace metal concentrations in nussels Mytilus galloprovincialis (soft tissues) 

Sampling Average Concentrations (~g.g-1 dry-weight) 
date dry-weight 

Cu Pb (g) Cd Hg 

1984-08-22 0.144 o. 77 +/- 0.12 7.3 +/- 0.24 o. 14 +/- 0. 0240 2.1 +/- 1.20 

1984-12-05 0.181 o. 73 +/- o. 15 9.4 +/- 0.44 o. 13 +/- o. 0220 1.6 +/- 0.51 

1985-04-24 0.122 1.90 +/- 0.23 24.0 +/- 2.50 0.25 +/- 0.0077 8.9 +/- 1.70 

1985-07-22 0.191 o. 71 +/- o. 36 8.5 +/- 1.20 0.22 +/- 0.0280 2.3 +/- 0.57 

TABLE 2 Trace metal concentrations in sea-urchins Arbacia lixula (internal parts) 

Sampling Avera')" Concentrations (~g.gl dry-weight) 
date dry-we1ght 

Pb (g) Cd Cu Hg 

1984-07-31 2.053 1.40 +/- 0.23 4.0 +/- 0.18 0.45 +/- 0.059 1.80 +/- 0.41 

1984-12-05 1.080 2.00 +/- 0.46 8.1 +/- 1.00 o. 53 +/- o. 036 4. 00 +/- 0.64 

1985-04-24 1.367 1.80 +/- 0.64 7.8 +/- o. 77 0.38 +/- 0.089 4. 10 +/- 1. 10 

1985-07-22 1.608 0.61 +/- 0.055 13.0 +/- o. 77 o. 34 +/- 0.011 0.95 +/- 0.29 

a 
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CQ\lCENTRATIQ\lS OF THE TRACE METALS (ft, Cn) AND ITS SEASONAL VARIATIONS 

IN 11YTIWS GALLOPROVINCIALIS FRCM THE GULF OF TRIEST 

Peter TUSNIK and Radovan PLANINC 

Institute of Biology, University of Ljubljana, MRIC, Piran {Yugoslavia) 

In the frame of the MED POL (PHASE II) Programme the long term monitoring of 

mercury and cadmium concentrations in M .galloprovincialis has been carried out. 

The present article deals with samples collected from the literal region of the Bay 

of Koper and the Bay of Piran in the years 1983, 1984 and 1985. 

Mussels were obtained (Fig. 1) from well established mussel beds in polluted area 

at the harbour of Koper (Station 5), in a relatively unpolluted coastal area of Ronco 

(Station 23), in a coastal area with touristic activities (Station 27) and in an area 

receiving agricultural wastes (Station 35). Sampling was undertaken twice yearly in 

June and December 1983, in April and Octobre 1984 and in March and August 1985. 

On each ocassion 10 individual mussels with a mean length of 4. 7 em (range 4.3. -

5.5 em) from a similar tidal height were collected. The mean wet tissue weight of 

the mussels collected was 2.5 g (range 1.8- 3.6 g). All samples were preserved 

and prepared for analysis strictly by techniques suggested by the MED POL II/III 

Manual (Bernhard, M., 1976) and using Varian cold vapour (Hg) and the carbon rod 

(Cd) atomic absorption technique. 

The highest mean value of Hg in mussel tissues were found at s.tation 35 and the 

lowest value as expected in the relatively clean area at station 23. At station 5, 

with industrial activities background, somewhat moderate values were found (Fig. 1). 

The lowest mean value of Cd in mussel tissues were found at station 5, while at the 

other three stations similarly higher values were found. However, it is apparent 

that the m11erence in values for the Hg and Cd content in mussels from four 

sampling stations does not differ very much. In spite of almost uniform length and 

dry weight of the sampled mussels more or less typical seasonal variations of trace 

metal content in mussels were observed, with high concentrations in winter and low 

concen~rat10ns in summer. Data from· each station were pooled and simple regression 

GULF OF TRIEST 

N 
0 

Fig. 1. Three years mean concentrations of Hg ~g kg -I dry wt) and Cd 

(mg kg -
1 

dry wt) with:!: SD in the mussels from four stations 

analysis undertaken between the log
10 

concentration and log
10 

dry weight. The 

resulting regression analysis equantion for Hg was log cone.= (-Q..8529 x log 

dry wt) - 1.8635, (r = 0. 709) and for Cd log cone.= (-0.4103 x log dry wt) 

- 0.0502, (r = 0.373). The significance test shows that the correlation coeficient 

for Hg was highly significant at P < 0.01 but for Cd correlation at P) 0.10 were 

observed. Both slopes were negative indicating that the concentration, but not 

necessarily the body load, decreases as the animal weight increases. Thus, it 

appeares that metal concentrations were diluted in mussels with a high condition 

index, which was observed in summer (Hrs-Brenko, 1972) and concentrated in 

mussels with a low condition index observed in winter. 
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VARIATIONS DES TENEURS EN Zn.x::, MERCURE, WIVRE ET CAIMIUM 

EN FONCTION DE LA TAILLE ET DE LA DATE DE PRELEvEMENT 

CHEZ DEUX ESPECES DE fYbULE DE LA BAlE D'ALGER 

A. ASSO, N. ABDELOUABAB, M. AZZOUZ et I. NACEUR 

Laboratoire de Chimie, ISMAL, B.P. 90, ler Novembre, Alger (Algerie) 

Introduction : 

Cette etude a €t€ realisee afin d I etablir une relation entre les variations 
des teneurs en 4 metaux lourds et la taille des individus et la date de prelevement. 

Materiel et Methode : 

Deux especes de moule one ere etudiee : PeJtYU1 pe!tYU1 et Mytil:u.6 ga.Uo
ptwv.&!~. 

Trois stations ont 8.t€ choisies : 

- Port d'Alger, subdivis€ en trois sous-stations 
- Bordj-El-Kiffan, localite coincee entre. deux importants 

€missaires ~ 

- Ilots Sandja, situes a la pointe est de la baie et choisie par 
ASSO (1982) connne•statio!l de reference. 

Les prelevements de 1985 ont eu lieu connne suit : 

- F€vrier-Mars, correspondant a une p€riode de mise en reserve 
pour les deux especes. 

- Avril-Mai, correspondant toujours a une mise en r€serv.e 
pour M. ga.Uopttov.{.n~, -tandis que P. peJtna. est en 
phase de ponte. 

Selort la composition des· echantillons, une a quatre classes de taille ont 
ete d€finies. 

Le zinc, mercure, cu~vre et cadmium ont €t€ doses par spectropnotom€:trie 
d • absorption atomique. 

R€sultats et Discussion : 

1) Variation en fonction de la date de prelevement 

Les concentrations en zinc suivent le ~ycle sexuel. En effet, on observe une 
hausse de celles-ci en periode de gametogenese et une baisse lors de la ponte. 
Les constatations de Simpson ( 1979) pour M. ecitLW et celles d 'As so (1982) pour 
P. pe!tYU1 vont dans le meme sens. 

Les teneurs en mer cure sui vent les memes variations en zones non pollu€es. 
Cependant, dans les zones contamin€es par ce m€tal, un processus de d€toxification 
inverse 1' effet cumulatif de la game to genese. (Figure I). 

Pour le· cuivre, le changement des parametres physico-chimiques (temperature, 
salinite ... ) du milieu ou baignent les moules sont a 1 'origine des fluctuations 
saisonni€:res des teneurs en ce m€ta14 

Aucune correlation n' a pu €:tre d€.gag€.e entre la concentration du cadmium et la 
date de prelevement. 

2) Variations liees a la taille : 

Fig 1 :LE MERCURE CHEZ M.GALLO. 

VARIATIONS EN FONCTION DE LA 
TAILLE ET DES SAISONS. 

Les corr€.lations dans ce cas sent dif
ficiles a etablir. 

Serbanescu et al. ( 1980) attribuant 
les baisses des concentrations avec la 
taille a une diminution de la vi tesse de 
filtration des moules avec 1 'age. 

ppm Hg Les teneurs en zinc pour P. pell.YU1 de
croissent avec la taille. Ceci n' a pas €.t€. 
clairement etabli pour M.ga.Uopttov.{.n~. 
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o, 

CM 25/2 

-- .:.:_-;;;, 24/4 BEK 29/4 ',_ CM 26/4 

~BEK3/3 
·-- EJN 25/2 

EJN 24/4 

taille(cm) 

Conclusion : 

Seule en zone contamin€:e par le mer
cure une baisse des concentrations avec la 
taille a ete mise en €.vidence. Les indivi
dus de grandes tailles mettent en place 
un dispositif de detoxification (decrit par 
Reesij adi et al, 1982). Ce type de dispo
si tif exis te egalement pour le cadmium, 
mais il n'·est pas sollicit€ vue les fai
bles concentrations de ce metal dans tou
tes les zones etudiees. (Figure 1). 

Les grandes variations observ€.es pour 
le cui vre seraient 1 i€.es a 1 'ac ti vi te me
tabolique de ce metal (respiration ... ). 
En effet, les teneurs en cuivre sent trop 
faibles pour remarquer un phenomene de 
detoxification quelconque. 

Les fluctuations saisonnieres des concentrations en zinc et mercure sont liees 
au cycle sexuel, avec des effets particuliers dans les zones polluees. Pour le 
cuivre~ les parametres physico-chimiques seraient a 1 'origine des variations en 
fonction des saisons. Rien de precis n' a pu etre mis en €vidence pour le cadmium. 

Les variations li8es a la taille ont mis en relief un processus de detoxifi
cation pour le mercure. Pour les autres m€taux, des €tudes plus pouss€es permet
tront d'€tablir des correlations exactes. 

Bibliographie. : 

ASSO, A. ( 1982) - Contribution a 1' etude des polluants chez la moule Pe1tru1 
pe!tYU1 (L.) dans la region d 'Alger - THese 3eme Cycle, Aix-Marsei lle - CROP, p. 149. 

SERBANESCU, 0. , MUTEAURN, G. , RECHENEAU, I. e t MINNEAN, A. ( I 980) - Mytil:u.6 
ga.Uopttov.{.n~ de la cote roumaine de la mer noire, facteurs de concentrations en 
rnetaux lourds - Viemes Journees Etud. Pollutions. Cagliari, C. I. E. S.M., 573-576. 

SIMPSON, R.D. (1979) - Uptake of zinc and lead by mussels (Mytilus edulis) and 
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DISTRIBUTION DE QUATRE MErAUX LOURDS <ZN, 1-!G, Cu ET CD) 

CHEZ DEUX ESPECES DE fWLE PRESENTES DANS LA BAIE D' AlGER 

A. ASSO, N. ABDELOUAHAB, M. AZZOUZ et I. NACEUR 

Laboratoire de Chimie Marine, ISMAL, B.P. 90, ler Novembre, Alger (Algerie) 

Introduction : 

ce travail entre dans le cadre du programme MED-POLL II (phase II). Deux 
especes de moule ont ete choisies : PeJtna. pe!tna. et My:til.u.6 gaUopJLov.i.n~. 

Oeux pr€levements ont €:te effectues au niveau de trois stations .. P.n f€:vrier
mars et avril-mai 1985. 

L' €:tude couvre quatre m€:taux lourds : zinc, mer cure, cuivre et cadmium. 

Materiel et Methode : 

Les deux especes de moule ont ete etudiees separement. 

L'€.chantillonnage a €:te fait au niveau de trois stations 

l) Port d 1 Alger, subdivis€. en trois sous-stations 

- CM : moules issues d 'un milieu typiquement portuaire 
- IJN : oii les eaux sont peurrenouvel€es 
- EJN : oil les eaux sont constamment ·renouvel€:es. 

2) Bordj-El-Kiffan 

Locali t€: si tu€e entre deux oueds charriant des eaux us€es urbaines et 
industrielles. 

3) . Ilots Sandj a 

Zone fortement soumise aux influences du large, par passage du courant 
Atlantique. Elle fut choisie par ASSO ( 1982) comme station de reference. 

Le zinc a ete dose par flamme a/a, le mercure par vapeurs froides, le 
cuivre et le cadmium par erectrothermie. 

Des exercices d' intercalibration sur des €chantillons standards de 
1 'A.LE .. A. (SPM1 et MAA1) ont donnes les resultats suivants : 

ZINC : sur 20 analyses, 5 ont donne des ecarts hors de 1' intervalle -10% &+10%. 
MERCURE : sur 18 analyses, 12 etaient comprises entre -10 et +10. 
CADMIUM : sur 13 analyses, toutes etaient superieures a cet intervalle. 
CUIVRE : seules 2 analyses sur 17 etaient comprises entre -10% et +10%. 

I 
Resultats et Discussion · tous les re lt t su a s son t en g/g d ~ e po~ s sec. 

I/ ZINC PORT D 'ALGER B.E.K. SANDJA 

CM IJN EJN 

M.aaUom. 189,5 253,5 186,0 210,1 -
P.peJtna. 

191,4 196,6 157,0 145,5 109,0 

Les valeurs du Port d 'Alger sont toutes inferieures a c~lles des ports de 
Marseille et Tout on (Fowler and Oregioni, 1976). Elles sont comparables a celles 
de la mer Egee (Uysal, 1 980). Une contamination est detectable, meme au niveau de 
la station de reference. 

2) CUIVRE PORT D 'ALGER B.E.K. SANDJA 

CM I IJN EJN 

M. aaUopJL. 15,75 I 12,48 9, 96 9, 78 -
p. peJtna. 13,83 I 8,48 9, 68 9,42 6,43 

Les concentrations en cuivre montrent une tres faible contamination par ce 
metal dans les zones etudiees. 

3) MERCURE PORT D 'ALGER B.E.K. SANDJA 

CM I IJN EJN 

M. qa_Uoptt.. 2,27 [ 0,49 0,24 0,57 -
P. Pe!t/Ut 2, to I 0,58 0,32 0,38 0,83 

La sous-station CM du Port d 'Alger presente une tres forte teneur en mer cure, 
superieure a celles trouvees par Thibaud ( 1 973) a Toulon et dans le golfe de Fos. 
la haute concentration obtenue dans les moules des ilots SANDJA enleve a cette 
station le role de station de reference. Le taux en mercure y est quatre fois 
superieur a celui enregistre par ASSO (1982). 

4} CADMIUM PORT D 'ALGER B.E.K. 

CM I IJN EJN 

M. qatiopJL. o,61 I 0,45 0,50 0 42 

P. peJtna. o, 62 I 0,45 0,48 0,51 

On n' observe pas de situation critique pour ce metaL 

Conclusion : 

SANDJA 

-
0,47 

La pollution mercurielle du Port d 'Alger atteint un niveau alarmant. La 
recherche d 'une station de reference doit se faire, car les moules issues des 
ilots Sandja se trouvent etre contaminees surtout par le mercure. 

On a pu constater que : 

- les deux especes accumulaient le cuivre et le cadmium dans les memes 
proportions~ 

- M. gaUopJtov.i.n~ presentaient des valeurs en zinc superieures a 
P. pVtna. 

- P. pe!tna. accumulait le mercure plus que la seconde espece. 
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TOTAL f1ERCURY, Cm>IIUM, CoPPER, ZINC AND ARSENIC CONTENTS 

IN SURFACE SEDIMENTS FRG'-1 THE COASTAL REGION OF THE CENTRAL ADRIATIC 

T. ZVONARIC 0
, P. STEGNAR0 0 and Z. PLANINSEK0 0 

o Institute of Oceanography and Fisheries, Split (Yugoslavia) 
"J. Stefann Institute, "E. Kardelj 11 University, Ljubljana (Yugoslavia) 

INTRODUCTION 

Heavy metals enter the marine environment through different routes 

(surface runoff, domestic and industrial effluents disposed through 

outfalls, and the atmosphere). Various anthropogenic activities (such 

as agriculture, mining, industrial processing of metals, as well as 

the use of metals and metal components) have resulted in increased in

puts of heavy metals into marine ecosystems. 

Research carried out so far has shown that sedimentation process

es, especially in areas receiving large amounts of terrigenous and 

biogenic material, seems to be the major process responsible for remo

ving heavy metals to the sea bottom. 

Therefore, the determination of the heavy metal content of sedi

ments is one of the first steps in the assessment of the degree of 

heavy metal pollution of an exposed area. 

Hence in the fra!Jlework of the long-term Programme for Pollution 

Monitoring, the Institute of Oceanography and Fisheries in collabora

tion with the "J.Stefan" Institute, has analysed during 1985 total Hg, 

Cd, Cu, Zn and As contents in surface sediments sampled in the vicini

ty of industrial and urban centres located over the wider territory of 

the central an·d southern Adriatic coast. 

EXPERIMENTAL 

Samples were oDLa.Lnea rrom the research vessel "BIOS". Surface 

sediment layer (0-5 em) was sampled with a gravity corer in perspex 

tubes. All the samples were store;d frozen before analysis in polyethy

lene bags. Mercury was determined on a portion of the previously homo

genized sample in the wet state, while for other elements the dry por

tion (drying overnight at l05°C) of sediment sieved through a nylon 

net. of 0.1 mm mesh size was taken for analysis. The data were obtained 

by destructive neutron activation analysis using the TRIGA Mk II rea

ctor of the "J. Stefan" Institute, by previously developed techniques (l, 2 l 

RESULTS AND DISCUSSION 

Results obtained, presented in Table l, which represent means of 

seasonal sampling, show that the highest values for most elements were 

recorded from stations in the vicinity of Sibenik and Split, suggesting 

the influence of industrial and urban effluents from these two largest 

central Adriatic towns. 

Table L Content of total Hg, Cd, Cu, Zn and As in surface sediments 
(mg/kg dry weight) from the coastal region of the central 
Adriatic determined in 1985, and reference station* 

Sampling area Hg Cd Cu Zn 

Zadar 0.18 0.25 7-9 49.6 
Sibenik 1.68 0.43 50.6 170.7 
Split 0.65 0.39 25.1 122.5 
Kardeljevo 0.10 0.25 25.1 67.6 
Dubrovnik 0.50 0.25 50.4 109-3 

As 

9-6 
12.7 
12.8 
15.8 
13-5 

Although the results presented are within the range of values 

obtained from similar Mediterranean regions ( 3), comparison with the 

reference stations, which is distant from any obvious sources of 

pollution and represents background values of the Central Adriatic 

shows that significant quanti ties of heavy metals were deposited in 

the coastal regiouns, mainly due to untreated wastes from different 

industrial activities discharged into the shallow coastal waters. The

refore it should be pointed out that constant monitoring and further 

research appear to be called for. In the first place, studies of the 

ecocycle of individual toxic heavy metals (mercury, methyl-mercury, 

cadmium, lead), that is to say studies of their paths from sedimentE 

through links of the food chain, should be continued. 
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41 (1977) 149. 
3) UNEP (1980) Assessment of the Present State of Pollution by Cd, Cu, Zn and Pb 

in the Medit. Sea. 
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DETE~INATION OF MERCURY IN SEAWATER 

BY COLD-VAPOUR ATQ'I\IC ABSORPTION SPECTROPH)TQ'I\ETRY 

M. HORVAT(l), M. ~KREBLIN( 2 ), T. ZVONARIC(J) and P. STEGNAR(l) 

(1) "J. Stefan" Institute, uE .. Kardelj II University, Ljubljana (Yugoslavia} 
(2) Center for Marine Research, Institute R. Boskovic, Rovinj (Yugoslavia) 
(3) Institute for Oceanography and Fisheries, Split (Yugoslavia) 

ABSTRACT 

For the rapid and precise determination of low mercury levels in 

natural samples by cold vapour atomic absorption spectrophotometry, a 

concentration step is needed. This paper describes in detail a closed 

aeration technique coupled with a double amalgamation stage on a gold 

absorber, which is used for the determination of mercury in seawater 

samples from some different parts of the open and coastal Adriatic Sea. 

Mercury analysis was conducted using a LDC-UV monitor (model 1225) 

equipped with a Hewlett Packard integrator (HP3390A). The preacidified 

unfiltered seawater sample was digested with 20 ml "Sub-boiling" HN0
3 

by heating for two hours at 60°C, followed by total mercury analysis. 

After the reduction-amalgamation step (Fig.l),the loaded gold absorber 

(E) was connected to a second permanent absorber (F) (Fig.2), and the

se two adsorbers were consecutively desorbed by heating at 650°C (D). 

Mercury released was swept into the optical cell (G) of the LDC-UV 

~onitor ( = 254 nm). The output signals from this apparatus were fed 

to an HP-integrator (I) for peak-area measurement. 

(A) Activated carbon crap 
(B) reduction vessel 
(C) magnetic stirrer 
(D) Mg(Cl04)2 
(E) gold trap 

~~; ~~~;7~~e~ h-1) 

(A) nitrogen, (B) activated carbon 
trap, (C) flow-meter, (D) furnaces, 
(E) loaded gold trap, (F) permanent 
gold trap, (G) optical cell, 
(H) light source, (1) detector, 
(J) integrator, (K) KMn04/H2S04 trap 

FIG.l: Diagram of the reduction 
amalgamation step 

FIG. 2: Diagram of apparatus for 
determination of mercury 

The double-amalgamation stage offers more advantages: the elimi

nation of interferences due to organics or Cl
2 

and measurement from 

the same gold trap which is well characterized. The precision of the 

method was investigated by determination of total mercury in surface 

water samples from some different parts of the Adriatic (Table 1). 

Table 1: Concentration of total Hg in seawater from 
different parts of the Adria-tic 

Sampling 

1)pen sea surface 
(North Adriatic) 

bottom 

Coastal water surface 
(North Adriatic 
Rovinj) 

Coastal water surface 
(Central Adriatic 200m 
(Kastela Bay) from the 

shore 

Harbour mouth surface 
(Split) 

Coastal water surface 
(near Split) 

Total Hg concentration 

n /1 

0.9: 0.4 (8) 

1.4: 0.6 (8) 

5.4 : 2.4 (4) 

32.0 : 3 (6) 

21 : 2 (5) 

15 : 2 (4) 

N o t e s 

Industrial influence 

Influenced by municipal 
sewage_ effluents 

Fresh water influence 

The reproducibility was tested by 10 fold measurement of 2 ng Hg 2 + 

spikes. The mean value was 1.9 2: 0.4 ng 1- 1 . The detection limit was 

found to be 0.5 ng 1- 1 . 
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ABSTRACT 

ACCLMULATION OF MERCURY AND ITS DISTRIBUTION 

IN VARIOUS ORGANS OF THE WHITE BREJIM DIPL.DDUS SARGUS 

Hava HORNUNG ( l) and Yuval COHEN ( 2) 

(1) Israel Oceanographic and Limnological Research, 
P.O.B. 8030, Haifa (Israel) 

(2) Environmental Protection Service, Ministry of the 
Interior, P.O.B. 6158, Jerusalem (Israel) 

Total mercury concentrations in various organs of the sparid, Diplodus sargus, 
were determined in specimens obtained from polluted (Haifa Bay and Akko) and 
unpolluted (Zarqa) areas along the Mediterranean coastline of Israel. ~ sargus 
is a commercially important inshore species. It is most abundant at depths of 
5-20 m, its migratory habits are limited, and its prey habitat is benthic. 

In 10 different tissues and organs of ~ sargus, mercury concentrations were 
higher in specimens from the polluted area than in those from the unpolluted one. 
Mercury concentrations in the muscle tissue ranged from 0.072 to 1.020 !lg/g wet 
wt. (mean: 0.531) in the former area and from 0.059 to 0.212 !Jg/g (mean: 0.123) 
in the latter. Highest mercury levels were found in the liver: up to 3.527 !lg/g 
(mean: 1.052) in specimens from Haifa Bay and Akko and up to 0.269 !lg/g (mean: 
0.161) in specimens from Zarqa. The mean mercury concentration in food found in 
the intestines of specimens from Hitifa Bay and Akko was about 8 times higher than 
the corresponding value for specimens from Zarqa. The patterns of the 
distribution of mean mercury concentrations in the tissues anti 0t:"gans examined are 
similar for the two populations (Fig. 1). However, for the specimens of the 
polluted area, significant linear correlations (at the <1% and <5% levels) were 
found between the mercury content of almost all tissues and organs and total body 
weights and lengths; in specimens from the unpolluted area only the mercury 
content of the muscle tissue correlated significantly with the body size (Fig. 
2a,b). 

The results indicate that mercury accumulation by Q:_ sargus is associated with 
its feeding habits - the levels of mercury in its organs depend on the mercury 
content of its food. This study is part of a comprehensive study on mercury 
accumulation in inshore fish which is carried out within the framework of the MED 
POL Phase II program and supported by the Mediterranean Trust Fund. 
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L-III9 
PRELIMINARY RESULTS ON THE PRESENCE OF r1ERCURY (TOTAL AND ORGANIC) 

AND SELENIUM IN BooPS BOOPS, MffiLUCC!US MERWCCIUS, SGG1BER SGG1BRUS, 

AND NEPI-ROPS NORVEGICUS FRQ'>1 THE LIGURIAN SEA 

R. CAPELLI and V. MINGANTI 

Institute of General and Inorganic Chemistry, University, Genoa (Italy) 

INTRODUCTION 
This study presents the preliminary results obtained on the pre

sence of mercury (total and organic) and selenium in bogue (Boops 
boops),hake (Merluccius merluccius).mackerel (Sgomber sqombrus),and 
shrimp (Nephrops norveqicus) from the Ligurian sea. 

These species were selected both for their significance as seafood 
and to extend the number of species from the Ligurian sea already 
studied (Capelli et a1.,1983). 

Object of this study is to ascertain the the concentrations of 
these elements and the recognition of possible correlations between 
the parameters investigated. 

SAMPLING 
Samplings have been carried out in the area between La Spezia 

(East of Genova) and Varazze (East of Genova) 1 both by means of local 
fishermen (Cooperativa Pescatori Camogli) and by means of fishing 
cruises organized by Prof. G. Rel i ni and Prof. l. Rel i ni -Ors i of the 
Departement of Biology of the University of Genova. 

Sampling date 1 area 1 together with all pertinent information have 
been recorded for all samples.More precise information from a biolo
gical point of view is available for samples collected during the 
fishing cruises. 

Samples have been stored and prepared according to UNEP/FAO/IAEA/ 
IOC Reference Methods (1984). 

REAGENTS ANO METHODS 
Solvents and reagents used were of analytical grade.Mercury and 

selenium standards were prepared daily from stock solutions commer
cially available. 

Special care was taken in cleaning the glassware 1 which was washed 
in 1.5 M nitric acid. 

Each sample was divided into three portions.The first portion was 
used for the determination of organic mercury. Total mercury and sele
nium were determined in a second portion.And the third one was heat 
dessiccated at 105 C to constant weight in order to calculate the wet 
weight/dry weight ratio. 

Mercury (total and organic) was determined using the cold-vapour 
atomic absorption spectrometry (AAS) technique (Capelli et al. 1 1986) 
Selenium was determined by hydride generation AAS technique (Capelli 
et a1. 1 1986). 

Quality control has been carried out by means Cit Standard Referen
ce Materials from the U.S. National Bureau of Standards and samples 
from IAEA /Monaco (Capelli et al. 1986). 

RESULTS 
The following table shows the results obtained (means and ran

ges).For each species the number of samples analyzed (#) 1 wet 
weight/dry weight ratio (wet/dry),weight (in q) 1 and concentration of 
elements (in ugtg wet weight) are reported. 

I Weight wet/dry 

Mackerel 14 274 (161- 389) 3.28 (2.09-4.32) 
Hake 16 359 ( 20-1148) 5. 13 (4. 76-5. 59) 
Bogue 13 139 ( 59- 340) 4.23 (3.85-4.57) 
Shrimp 1/ 71 ( 5- 175) 4.57 (4.06-5.10) 

Mercury (organic) Mercury (tot a 1) Selenium 

Mackere 1 0. 18 (0.04-0.38) 0. 31 (0.19-0.51) 0. 33 (0.15-0.63) 
Hake 0. 20 (0.02-1.03) 0.30 (0.08-1.20) 0. 14 (0.08-0.21) 
Bogue 0.10 (0. 01-0. 22) 0. 17 ( 0. 07-0.32) 0. 31 ( 0.18-0. 43) 
Shrimp 0. 58 (0.27-1.58) 0. 94 (0.43-2.17) 0. 88 ( 0. 30-1.73) 

DISCUSSION 
Results obtained for total mercury agreed with data available in 

literature (UNEP 1983). 
Organic and total mercury concentrations seem to be correlated by 

weight only for hake 1 bogue 1 and shrimp, 
For these species the linear regretsion expression (95l confidence 

level) are: 

Hake: Hg-o(ug/g wet wt.) 1.370E-02 5.23BE-04 Weight (g) 
Hg-t(ug/g wet wt.) 3.049E-02 7.491E-04 Weight (g) 

Bogue: Hg-o(ug/g wet wt.) 2.554£-03 6.598£-04 Weight (g) 
Hg-t(ug/g wet wt. ) 6.689E-02 + 7.456E-04 Weight (g) 

Shrimp:Hg-o(ug/g wet wt.) 2.743E-01 + 4.244E-03 Weight (g) 
Hg-t(ug/g wet wt. ) 4.756E-01 + 6.567E-03 Weight (g) 

As far as selenium is concerned no correlation by weight or mercu
ry (both total and organic) concentration has been found. 
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MERCURY ACCUMULATION BY MYTIWS Ell.JL!S FRQ'>1 A POLWTED LAGOON 

M. SCHINTU, G. SARRITZU, M. RACHELE, P. MELONI and A. CONTU 

Istituto di Igiene e Medicina Preventiva, 
Universita, Via Porcell 12, Cagliari (Italia) 

Abstract 
Hg concentrations were determined monthly for one year in different parts of Mytilus 
edulis taken from the S.Gilla lagoon(Sardinia) highly polluted by Hg from a chloro al
k aly plant.Gonads ,foot and adductor muscle showed the highest metal content however 
the levels in the total flesh didn't display a bioavailability of Hg in the environment. 
Introduction 
Previous research works on the S.Gilla lagoon (Sardinia) ,showed high levels of Hg in 
the sediments (1,2,3) related to the presence of a chloro-alkaly plant .Since the lagoon 
produces large quantities of mussels of which the consumption is still prohibited , we 
utilized Mytilus edulis both to evaluate the bioavailaibility of Hg in the lagoon and to 
show the metal content in individual organs.This study is part of a larger research 
project still in progress which aims at evaluating the effects of size and season on the 
accumulation' of Hg in Mytilus edulis • 
Materials and methods 
Mussels were collected monthly from january 1983 to january 1984 (except in August 
and October) at one sampling station in the lagoon near the confluence with the Medi
terranean Sea.The mussels were taken from the bottom of the lagoon.Five individuals 
of 45 mm to 55 mm lenght shell were selected, cleaned from incrustations and washed~ 
After cutting the adductor muscle the intravalvular water was collected and the soft 
part of mussels dissected into the following parts by means of stainless scissors and 
plastic forceps (4):byssus, foot, gonads, mantle,gill,adductor muscle and viscera.All the 
samples were freeze dried and digested using a mixture of nitric and perchloric acid. 
The Hg was determined by flameless atomic absorption spectrophotometry.The whole 
procedure was checked analysing an NBS Oyster tissue SRM 1566. 
The superficial layer of the sediments (0-1 cm),taken by a gravity corer from the 
sampling station four times during the research, was air dried, sieved to 100 mesh and 
subjected to analytical extractions of different strenght according to Agemian and Chau 
(S).Subfractions of the sediments were digested by HF/HN0

3
/I-ICI0

4
; 4N HN0/0.7N 

HCI ; O.SN HCl and O.OSN EDTA. 
Results and discussion 
The tables 1 and 2 show respectively the mean concentration of Hg in the different 
parts and in the total flesh ( values obtained by addition of the concentration in indi
vidual organs) of the mussel and in the sediments.The foot, the adductor muscle and 
the gonads displayed the highest content of Hg,while in the other organs it never 
reached 2 ug/g.According to Eganhouse (6) the Hg in the former organs may indicate 
the extent of biological incorporation,however the viscera and the total flesh content 
seems to exhibit informations on relative environmental levels of the metal .The highest 
content in all the samples were found in january-February and in july-September. 
However the viscera and total flesh concentrations seem to be low when compared to 
the total Hg found in the superficial sediments both by the HF/HNO/HClO 4 and 4N 
HN0

3
/0.7N HCl extractions, but this can be explained if we assume as environmentals 

levelS the values obtained by O.OSN EDTA or O.SN HCl extractions. 

Table !.Mercury concentrations (ug/g dry weight) in different parts of Mytilus 
edulis. 

x min. max. SD 

lntravalvular water 0.81 0.19 1.80 0.49 
Byssus 1.87 0.80 4.56 1.08 
Gonads ~66 0.80 8.96 2.67 
Foot 4.81 1.76 15.28 3.90 
Mantle 0.5.3 0.60 1.92 0.50 
Gill 1.66 1.00 4.62 1.23 
Adductor muscle 1.87 0.35 3.69' 1.27 
Viscera 0.63 0.09 1.61 0.51 
Total flesh 0.77 0.21 1.37 0.37 

Table 2.Mercury content (ug/g dry weight) in the superficial sediments. 

Extractant min max 

HF/HNO/HC10
4 

8.95 6.50 12.00 

4N HN0/0.7N HCl 3.12 1.23 6.59 

0.5N HCl 0.22 0.21 0.23 

0.05N EDTA 0.11 0.07 0.14 
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FACTORS AFFECTING METHYL-f'lf:RCURY AND TOTAL MERCURY CONCENTRATIONS 

IN THE HAIR OF GREEK SUBJECTS 

A. TRICHOPOULOU, A. CHALKIAS, A. TZONOU and S . NAKOU 

Department of Nutrition and Biochem~stry, 
Athens School of Public Health, L. Alexandras 196, Athens (Greece) 

The purpose of this study was to explore the effective exposure 

of Greek subjects to Hg and methyl-Hg according to food consumption 

patterns and other factors and to investigate possible effects of 

low concentration of methyl-Hg on human health. The study is part 

of a coordinated larqer MEP-POL prniect utilizinq identical cnrP 

protocols. 

Hair samples were taken from 139 individuals coming either from 

inland villages or from villages on the sea side and they were exa

mined with atomic-absorption spectroscopy for methyl-mercury and to

tal mercury. The results were analysed by multiple regression taking 

into account age, sex, place of origin and reported frequency of fish 

consumption. The findings are summarized in tables 1 and 2. 

TABLE 1. Partial regression coefficients (2), Standard error of partial 

regression coefficients (3), t-values (4) and signiricance le

vels P (5) of the multiple linear regression of methyl mercury 

on a set of independent variables (1). 

Partial regres- Standard 
Independent variables sian coefficients errors t values P values 

(1) (2) (3) (4) (5) 

Sex - 0.1130 0.1210 -0.93 0.35 

Age - 0.0022 0.0075 -0.30 o. 76 

Fish consumption - 0.0680 0.2164 -0.31 0.76 

Place of origin - 0.8090 0.5153 -1.57 0.12 

Fish consumption X 

!Place of origin 0. 5462 0.2393 2.28 0.02 

TABLE 2. Partial regression coefficients (2), Standard error of partial 

regression coefficients (3), t-values (4) and significance le

vels P (5) of the multiple linear regression of total mercury 

on a set of independent variables (1). 

Partial regres- Standard 
Independent variables sian coefficients errors t values P values 

(1) (2) (3) (4) (5) 

Sex - 0.2171 0.1476 1. 47 0.14 

Age - 0.0251 0.0092 - 2. 74 0.006 

Fish consumption - 0.1851 0.2639 - o .. 70 0.48 

Place of origin - 0.6581 0. 6285 - 1.05 0.29 

Fish consumption X 

Place of origin 0. 6965 0.2918 2. 39 0.02 

The Interaction term dominates the regression model of methyl 

mercury (Table 1). At moderate and high frequencies of fish consum

ption the concentration of methyl mercury is higher among residents 

of sea-side villages and among them it increases with increasing fre

quency of fish consumption. No significant associations were found 

between methyl-mercury concentration in the hair on the one hand and 

age or sex on the other. In all but one of the individuals concentra

tions were within acceptable limits, 
For total mercury the multiple regression model has some elements 

similar to those characterising the methyl mercury model but in addi

tion there is a strong and statistically highly significant negative 

association with age. 

These findings point to the need for examination of the sources 

of fish consumed and of the concentrations of methyl mercury in them. 

This work is bed.ng supported by a grant from WHO-Europe. 
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L-IV1 
CYfOTOXIC!Tt DU (AI:MIUM ET DE L'URANIUM. 

ETUDE ULTRASTRUCTURALE ET M!CROANALYf!QUE CHEZ LES ORGANI·SMES WIRINS 

Colette CHASSARD-BOOCHAUD 

Laboratoire de Biologie et Physiologie des Organismes Marins, Universit€ 
P~ et M. Curie, 4 place Jussieu, Paris (France) 
Centre de Microanalyse appliquee a la Biologie, Laboratoire de Biophy
sique de la Facult€ de MEidecine, 8 rue du Gt2n€:ral Sarrail, CrE!teil (France) 

La chimiotoxicite du cadmium a fait l 'objet de nombreuses etudes,mais comparati
vement,celle de l 'uranium,qui est aussi radiotoxique n'a pas encore retenu l 'atten
tion des chercheurs en Biologie Marine. 

Nous avons entrepris nos investigations ,a l 'ikhelle subcellulaire pour detecter 
des alterations eventuelles du metabolisme et comparer l 'action des deux metaux . 
Nos etudes ont porte sur deux organi smes tres communs des cotes medi terraneennes: l e 
Crabe CaJtc.h!u.o me.cU:teM.a.neJ..U> ( branchie et glande digestive ) et la Houle MlfWU.O 
~p. ( branchie,glande digestive ,rein et gonades) .Nos observations ant ete faites en 
ultrastructure, en util isant un microscope electronique associe a une sonde CA~1EBAX 
( spectrometrie de rayons X) qui ,par microanalyse,permet la determination des metaux 
presents dans l es differents organites. 

Dans les deux cas,les metaux induisent une vacuolisation cellulaire generalisee. 
Chez le Crabe,le cadmium provoque essentiellement une lyse et un eclatement des mi 
tochondries entrainant ainsi une forte diminution numerique. On assiste a une hyper
_acti vite go 1 gienne provoquant un accroi ssement considerable du nombre des lysosomes 
dans lesquels on detecte,par microsonde, le cadmium associe a du soufre,cuivre et 
zinc.Le cadmium est aussi concentre dans les spherocristaux, en association avec 
les m~mes metaux;ces faits permettent de supposer l 'intervention de metallothionei
nes dans ces phenomenes d'intoxication. 

Chez la Moule,l 'uranium induit essentiellement des lesions nucleaires (Fig.l) , 
notamment au niveau de la chromatine et une modification des profils ·nucleaires; 
ces lesions sont tres marquees dans les ovocytes.La population mitochondriale ne pa
ra it que peu ou pas a lteree. On note ,comme dans l e cas du cadmi urn ,une hyperactivite 
gol gi enne ,engendrant de nombreux lysosomes dans 1 esque 1 s ,par mi croana lyse ,on detecte 
1 'uranium concentre et precipite en fines microaiguilles sous forme de phosphate 
(Fig.2). Dans le rein, les spherocristaux sont charges en uranium (Fig.3) associe a 
du phosphore et du calcium. 

Chez les deux especes, les hemocytes macrophages ,presents dans tous les organes, 
captent et concentrent uranium (Fig.l)ou cadmium dans leurs lysosomes qui se trans
ferment en corps residue l s. 

En conclusion, nos resultats montrent la toxicite du cadmium et de 1 'uranium a 
1 'echelle cellulaire: elle se traduit par des lesions portant,soit sur les mitochon-· 
dries,soit sur 1es noyaux, entrainant ainsi de graves perturbations metaboliques. 
Les resultats obtenus a la microsonde montrent que ces deux metaux sont concentres 
de meme fa~on , dans deux types d'organites,a 1 'exclusion de tout autre. Ce sont er 
effet les spherocristaux et les 1ysosomes qui constituent les organites cibles de 
capture ,stockage et concentration des deux metaux 1 ourds. 

MYTILUS SP. CYTOTOXICITE DE L 'URANIUM. 

F.i.g.l. Branchie montrant un important processus de vacuolisation ( V ) du cytoplas
me et une alteration de la chromatine et des profils nucleaires ( N ). Noter 
l a presence ,dans l e milieu ex trace 11 ul a ire ,d 'un macrophage ( M ) charge de 
corps residuels ( CR ) ayant stocke 1 'uranium.G X 9200.Materiel osmie et co
lore. 

F.i.g.Z. Lysosomes de glande digestive oil le phosphate d'uranium,insolubilise sous for
me de microaiguilles,est detecte par microanalyse (fleches). G X 33000. Ma
teri e 1 non osmi e et non co 1 ore. 

F.i.g.3. Spherocristaux de rein montrant les strates (fleches) oO 1 'uranium est detec
te par microana1yse. G X 27000. Materei1 non osmie et non colore. 

Ce. br.a.va..U. a e:t:e tr.ea..tU.e da.nJ.J le c.adJte d'un c.onl:Jta:t avec. le M.i.wtetr.e. de l'Env.UWn
nemen;t ( Conl:Jta:t n• 84244) 

U a _ecce tr.e~-i.M g!tiic.e ~ £.a. c.oUabotr.a.lion tec.h!U.que. de Ja!U.ne f3JU..<,;..aJtd , Ftr.a.ll(;.o~e. 
E.6c.cug e;t P-<.e.IU!.e Bouma.ti. 
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K. FYTIANOS(!), V. SAMANIDOU(l) and G. VASILIKIOTIS(Z) 

(1) Environmental Pollution Control Laboratory, University, Thessaloniki (Greece) 
(2) Analytical Chemistry Laboratory, University, Thessaloniki (Greece) 

·IT'he city of Thessaloniki with more than 1 • 000.000 inhabi tanLs and the 

surrounding industrial area use Thessaloniki 's· and Thermai;(os gulf 

the final receivers for their liquid wastes. 

Surface sea water from the Thermaikos gulf was sampled monthly during 

a period of one year (1985-1986) using polypropylene sampling bottles. 

All reagents used were supra pure and supplied by t1erck A.G. In Order 

to have a completed idea of the pollution degree of the examined area a 

big number of inorganic and organic compounds was studied:nutrients,pH, 

DO, BOD, turbidity, colour, suspended solids, anionic surfactants ,heavy 

metals and organochlorine pesticides. 

E~~~1!~-~~£_Qi~£~~~iQ~ 

Concerning the heavy metals, in the examined areas their concentra

tions are relatively low and close to those found in literature for un

polluted and slightly polluted regions. High concentrat.ions of heavy me

tals were observed near the harbor ·area and in the an~a where indus-

trial sewages are discharged: Concerning the other parameters for the 

organic pollution (BOD, DO ,phenols, diesel) their concentratuons are. in 

low levels and the same stands for the parametrs for the inorganic pol

lution. 

Significant seasonal fluctuations of nutrients (phosphate, ammonium 

and nitrate) were observed. Significant. increase of phosphate, nitrate 

and ammonium were observed at the beginning of winter and durir,g spring 

because of the use of fe:ctilizers. 

From the analysed samples, lindane, pp DDT, parat'clion, c~ie1drin, en 

drin, Aldrin. chlordane, PCB were found in trace amounts. 

Table l. Chemical analysis in sea water samples in Thessaloniki gulf and Ther

mai:kos gulf ·(Mean values).. 

o2 (mg/1) 

Colour (mgP t/1) 

Suspended solids (mg/1) 

Diesel (mg/1) 

Detergents (mg/1) 

BOD5 (mg/1) 

Pheno 1 s (mg/1) 

Turbidi t:y (FTU) 

AJnmonia (mg/1) 

Nitrogen (Kjeldahl) (mg/1) 

Nitrate N03 (~::/1) 
Phosphate P0 4 (mg/1) 

Hg (Jlg/1) 

Pb (Jlg/1) 

Zn (Jlg/1) 

Cr (JLg(ll 

Cu (Jlg/l) 

Ni (JLg/1) 

Cd (Jlg/1) 

Ag (Jlg/1) 

Fe (Jlg/1) 

CN- (mg/1) 

8' 55 

9' 58 

0' 069 

0' 093 

0' 025 

15,38 

0,063 

10,29 

0, 042 

0, 89 

0, 259 

o·,117 

0' 20 

43,75 

i61,25 

17' 75 

79' so 

30' 25 

6' 20 

Sampling Stations 

3 4 

7,18 7,35 8,1 

6,36 3,60 4,29 

0' 093 

0' 043 

0' 023 

13,90 

0' 059 

6' 62 

0,041 

0,-93 

0' 067 

0,121 

0,16 

30,50 

283,75 

19' 25 

83,25 

34 '75 

7,35 

0,048 ·0,042 

0,05 4,75 

o;o32 o,o~8 

14,90 15,50 

0,056 0,066 

7,27 7,20 

G.060 0,033 

0,.92 0,85 

0,144 0,060 

o,l14 o.~~s 

0,21 0,21 

25,00 33,75 

20,35 164;·30 

18,75 .18,25 

153,75 117,0 

46,75 13,75 

6,10 6,.4·25 

7,6 7,28 6,33 

4,6 4,88 12,2 

O~OSl 0,079 0,086 

0,068 0,16 0,24 

0,025 0,045 0,059 

15,60 15,33 107,50 

0,063 0,063 0,064 

6,38 9,085 11,67 

G,043 0,055 0,258 

O,i6 0»65 0,77 

0,183 0,250 0,228 

0,128 0,173 0,235 

0,21 0,15 0,26 

31,75 21,25 38,75 

221,25 250,75 218,25 

19,75 18,75 19,25 

123,75 119,25 112,5 

'24,00 32,50 53,75 

6 rss; 6' 60 7' 15 

n,d n.d n.d n.d n •. d· n.d n.d 

~36,25 522,25 660,0 0 

0 

5!lJj,25 606,7£, 573,.):· 931;,25 

0 0· 

Table 2. Concentrations of toxic substances in Thessaloniki gulf and Thermai

kos gulf (Mean val.ues). 

Lindane {ng/ l) 

P P'DDT (ng/1) 

Dieldrin (ng/1) 

PCB (ng/l) 

Polycyclic (PAH) (ng/1) 

Aromatic Hydrocarbons 

CL 2C=CCL 2 (mg/1) 

CL 2C~CHCL (mg/1} 

Parathion (ng/1) 

Aldrin (ng/l) 

Endrin (ng/l) 

Chlordane (ng/l) 

E~:f!2E~!:~~~ 

Sampling Stations 

2 • 4 

o,026 o,o3s o,oi7 

0,:57 0,57 1,2 

0,24 0,22 0,29 

2,1 1, 75 1,6 

24;0 

1, 88 

1, 74 

0' 745 

0' 345 

0 '016 

0' 020 

13,0 17,0 

J,26 0,31 

:,27 0,28 

},562- 0,925 

~,18 0.23 

0,015 0,012 

0,017 0,014 

0' 016 

1,3 

0' 8 
2, 5 

37. 0 
0,51 

0' 63 

0,517 

0,313 

0' 022 

0' 024 

0' 09 

1,2 

1,1 

2,6 

4 7, 0 

z, 00 

2' 30 

0' 652 

0,136 

0' 007 

0 '009 

0,11 

1, 22 

0' 83 

2,92 

61' 2 

1, 78 

1,60 

0,617 

0,150 

0' 024 

0,026 

0' 10 

1' 6 
1,i 

3, 0 

61' 5 

3' 0 
2,9 

0' 965 

0' 483 

0 '050 

0' 052 

1 .Fytianos K., Vasilikiotis G. "Concentration of heavy metals in se2-

water and sediments from the Northern Aegean Sea Greece". Chemosphere, 

Vol. 12. No 1, pp 83-91, 1983. 
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L-IV3 
CoAL A NEW MARINE POWJTANT IN THE EASTERN MEDITERRANEAN ? 

A. GOLIK 0
, A. ABERBACH 00 and s. AMIR00 

0 National Institute of Oceanography, P.O.B. 8030, Haifa (Israel) 
0 0 Technion, Haifa (Israel) 

A new potential marine and coastal pollutant) coal, was introduced into the 
coastal waters of Israel with the activation of the power plant at Hadera, Israel. 
The annual consumption of this power plant is 3.3 million m3 coal, the expected 
coal consumption of a new power station which is now under construction in 
Ashkelon is 2.5 million m3, and many industries in Israel are now undergoing 
conversion to coal. It is expected that the national consumption of coal in the 
year 2000 will be 13 million m3 • All this coal is shipped to Israel by sea and 
some of it will fall to the seabed during unloading, hence the threat to the 
marine and coastal environment. 

The purpose of this work was to monitor the coal falling onto the seabed in the 
vicinity of the coal terminal in Hadera, and to determine the direction and rate 
of its dispersal with special attention to the threat of· coastal pollution by 
coal. To this end, the seabed was sampled at stations located in the vicinity of 
the coal terminal (some as far as 5 km from it) using a grab sampler. The coal 
quantity in these samples determined the degree of pollution of the seabed. In 
addition, beach surveys were conducted along the shores of the power plant to 
determine if and where coal has landed on the beach. During the three and a half 
years of monitoring (January 1982 ,_June 1985), eight sampling trips were carried 
out. 

The first sampling was carried out in a temporary unloading zone which was 
about 2 km north of the present terminal. The other seven sampling trips were 
carried out near the coal terminal, but with time the sampling area was increased 
to cover also the temporary unloading zone and even beyond it. 

The results showed that coal is found in significantly larger quantities in 
stations located north of the terminal than to its south. At stations which are 
located close to the beach, coal is found in small quantities or not at all. 
Large quantities of coal were found in the area where temporary unloading took 
place in 1981. On the beach, coal was not found until October 1983, which was 
about two years after coal unloading had started. In October 1983 coal was found 
on the beach north of the the power plant. Only a few grains of coal were found 
at that time at two locations, 100 m and 2500 m north of the power plant. 
Following that event and until the end of this study, in September 1985, coal 
not found on the beach. 

This study reached the following conclusions, after close to four years of 
monitoring and unloading of almost 7 million m3 of coal: 

a. The coal falling at the Hadera coal terminal drifts northward more than 5 
km away. 

b. The primitive unloading methods which took place before the coal terminal 
was completed caused a lot of coal to fall out, so that a high coal concentration 
is still located on the seabed in the area of temporary unloading four years after 
unloading has ceased. 

c. Until the end of this monitoring, there were no signs of a coal pollution 
threat to the beaches in the vicinity of the Hadera coal terminal. 
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L-IV4 
HEAVY METAL CQ'IlCENTRATJONS IN MARINE ORGANISMS 

FRC11 THE rbnERRANEAN SEA (VALENCIA-CAsTELLON. SPAIN) 

F. HERNANDEZ, A. PASTOR0
, J. MEDINA, M. CONESA, R. MELER0° and F.J. LOPEZ 

Environmental Laboratory, University College of Castellon,. Castellon (Spain) 
0 Department of Analytical Chemisty, Faculty of Chemistry, Valencia (Spain) 

Total concentrations of Hg, Cd, Cr and Pb have been determined in marine 

organisms from Vinaroz, CastellOn, Burriana, Sagunto, Valencia, Cullera and Gandia. 

This work is a part of the Mediterranean Pollut~on Monitoring Programme, 

MEDPOL, which has been carried out during the months of July, October and November 

of 1985. 

The samples were stored in a freezer at -22°C up to the moment of preparation 

and analyses. The organisms were classified, weighed, and their. lenght measured; 

and the different tissues were separated, lyophilised and homogenised for use in 

the analyses. The material used was at all times made of Pyrex and polyethylene, 

and was washed in HN0
3 

and rinsed with twice distilled water. 

The digestion of the different tissues was carried out in teflon-lined high

pressure decomposition vessels, with 3-5 ml of cone HN0
3 

(65%) per 0.3-0.5 g of 

lyopilised sample, at l35°C for one hour. The solutions were cooled and diluted 

with twice distilled water to 15 ml. 

The AAS determination of total Hg content was carried out by the Cold Vapour 

Technique after reduction to Hg 0 with SnCl
2

. Cadmium, chromium and lead were anal

ysed by graphite furnace AAS with deuterium or Zeeman background correction, and 

the standard additions method was used. 

The precision is about 4% for Hg, and 15% by graphite furnace. The accuracy 

was determined by means of samples for intercalibration. The values of accuracy 

were similar to the precision ones. 

There were no significant variations according to the time of the year, and 

results obtained were generally of the same order in the different stations studied. 

In Table 1 are shown the average values (in ng/g fresh we.ight) for each orga

nism and tissue analysed. 

Highest Hg concentrations were found in crustaceans and in fishes; levels 

of Cd were higher in crustaceans and in Tunnus thynus. The highest values of Cr 

and Pb were obtained in moluscs and also in crustaceans (specially for Cr). 

Respect to the tissues analysed, the order of heavy metal concentrations 

was: muscle <digestive< liver , which shows a degree of metal accumulation, that 

in certain cases was very important. 

No significative differences were observed with respect to the sex of animals. 

Table 1.- Average values (in ng/g F.W.) of heavy metals in marine organisms 

ORGANISM !! r TISSUE 

Mytilus 
galloprovincialis 18 54 

Venus gallina 68 

Donax vittatus 7 126 

Macropipus 

depurator (M) 13 10 

Macropipus 
depurator (F) 13 ll 

Aristeus 
antennatus 

Palaemon 
serratus (M) 

Palaemon 
serratus (F) 13 

Sardina 
pilchard us 17 

Mull us 
barbatus (M) 

Mull us 
barbatus (F) 

Mull us 
surmuletus (M) 14 

7 
7 

Mull us 
surmuletus (F) 

Tunnus thynus (F) 

J!g_ _.QL __B:_ 

31.5 68.7 363 

21.5 65.1 267 

19.4 3.9 353 

334 115 660 

329 116 467 

652 51.2 103 
959 746 4941 

1067 2088 446 
374 290 139 

71.0 81.0 379 

284 42.5 226 

179 

231 
323 
317 

273 
342 
421 

116 
157 
212 

153 
262 
223 

468 
363 
560 
238 

45.9 156 

16.6 210 
62.,5 279 
86.6 813 

17.9 181 
63.1 342 

109 431 

8.4 42.5 
59.0 341 

207 274 

18.8 109 
70.0 518 

110 336 

281 152 
235 363 
357 295 
20.5 314 

N= number of samples; I= mean number of indh·iduals for sample 

....E£._ 

997 

119 

132 

84.1 

92.4 

107 
5687 

222 
74.5 

6.8 

55.7 

62.7 

37.2 
461 
365 

116 
1604 
3905 

99.6 
475 

1191 

41.8 
1095 
953 

127 
499 
719 
114 

b= whole body; m= muscle; d=digesti ve except liver; l=li ver; g=gonads 
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L-IVs 
EFFECTS OF MERCURY ON CHLORIDE FLlJ)(ES 

AND TRANSBRANCHIAL POTENTIALS IN PERFUSED GILLS OF CARciNUS 

Cedomil LUCU ( 1 ) and Dietrich SIEBERS (2 ) 

( 1) Center for Marine Research, R. Boskovic Institute, 
Rovinj (Yugoslavia) 

(2) Biologische Anstalt Helgoland, Notkestrasse 31, Hamburg 
(Federal Republic of Germany) 

ln recent years a considerable effort has been directed into the 

development and improvement of toxicological test methods and increase 

understanding of mechanisms of the interaction of toxic substances in 

the marine organisms. Although extensive worlc has been done on the to

xicity of mercury and its compounds, very little is lcnm-m about their 

physiological effects on particular processes. Therefore, He studied the 

effect of tvw mercurial compounds -HgC1 2 and CH
3
HgCl on chloride fluxes 

and TBP (transbranchial potentials) of the isolated perfused gills of 

the crustacean Carcinus medi terraneus. 

The gills Here perfused Hith diluted sea 1-<ater (DSVI; 46o mOsmol/1, 239 

mH Cl- ) in solution identical to the external bathing solution. TBP 

lues v1ere measured by Keithley Instr. 6ol Electrometer Nith Ag-AgCl 

Ingold electrodes. Chloride fluxes were traced by radioactive 36c1. De

tailed methodological description Hil.S addressed by Lucu ·and Siebers (in 

press). 11ethyl mercury 1-1as dissolved in ace ton and mercuric chloride in 

distilled water. In previous experiments aceton was added to the control 

solution (2 1ul/5o ml) and no effect on TBP and chloride fluxes was ob

served. Under the control condition the TBP values were stable for seve

ral hours in the range from -3 to -4 mV (negative polarity referring to 

the basolateral side). 

After addition of 5 1ug Hg2+ ( CH
3
HgCl form) on the basolateral membrane 

side,· the TBP values were increased from -3.5 mV to a value close to 

zero. However, ·lo, times higher Hg2+ concentration of HgCl 2 effected 

similar changes of the TBP values as in the case of gills treated with 

the organic mercury compound (Table 1.). The TBP has been described as 

an active potential generated by unequal distribution of ions such as Na + 

and Cl- as a consequence of the active transport nrocesses (Siebers et 

&·• 1985). The effect of cu2+ on positively char~ed potential (polarl

ty in reference to the perfusion side) of the similar magnitude and 

reversed polarity compared Hith our results, has been described in the 

gills of sea Hater acclimated flounders (Stagg and ShuttleHorth,l982). 

Both mercurial compounds inhibited chloride influxes and the values 

Here 57 to 64% of the control (Table 1.). 

'l'llliATMENT CHLORID!:L INFWXES 

(JCl ;/lil'l g-1 h-1) 
a~b 

Control 245 + 64 

TBP 

( mV 

-3.6 + 0.6 

HgC1 2 added; 5o 1ug Hg2 + /1 

CH3HgCl added; 5 /ug Hg2 + /1 

139 + 43 

158 + 48 

-0.8 + 1.1 

+0.3 + 0.9 

TABLE 1. Effect of mercury perfused from the basolateral side of the 
isolated Carcinus mediterraneus gill preparation on chloride fluxes 
(J b= flux from apical (a) to the basolateral (b) side, and trans-
br~-'triial potentials. The perfusion solution was diluted sea water 
( 46o mOsmol/1) identical to the external bathing solution. The values 
are given as the means of five observations. 

At the physiological pH, membrane permeability of methyl mercury is 

higher than that of inorganic HgC12 (Gutknecht,l981), and that could be 

explanation for the more severe effects of the methyl mercury which He 

have demonstrated at a concentration of one magnitude lower than in the 

case of HgC1 2 • Chlorides Here also inhibited on the basolateral perfu

sion side by specific inhibitors such as furosemide and ouabain (Lucu 

and Siebers, in preparation). cie assume that Na/K coupled Cl- absorp

:tion is secondary active transport, Hhere by energy for Cl- transport 

is apparently provided by counter ion. Therefore., Na/K exchange, sensi

tive to ouabain and in our case damaged by mercurial compounds, and 

consequently the changes in I\ fluxes,may affect the hypothetical V,.Cl 

symport located on the basolateral membrane side. 

Further investigations using this technique could provide us Hi th 

lmoHl.edge about mechanisms of mercury interaction Hith ionic regulatory 

processes in the marine organisms. 

Inorc;anic mercury (Hg 2+) transport through lipid 
metnbr•anf"'- ,T. Eembrane Biol. 61, 61-66. 

tuniloride sensitiveHa flux and potentials in 
pre1;1aration. J. exp. Biol., 1n press. 

,LUCU,C.,THSD~N;::~,G.E~: HEJCIIART,D. (1S85). Ha-I\:
active transport potential in the gills of the 

Ghore crab c{~~zYn~~e m:~~:~t ~:r~~~o~~o~~ ~;i;s;~~~=· 
sea e1ater ad8.pted flounder rlG.tichthvs o 

.2_1, 84- 'Y'. 



L-IV6 
.AN OVERVIEW OF THE LEVEL OF ORGANOCHLORINE (rnPOUNDS 

IN THE COASTAL ZONE OF ALEXANDRIA 

M.F. MACKLAD and Y. HALIM 

Alexandria University Research Center, Alexandria (Egypt) 

Organochlorines were determined in the three compartments of the aquatic ecosystem 

around Alexandria(Fish, sediment & water). The highest PCB :Colphen 60) in fish were 

found off the industrial of Mex, comparable to those of the N-Adriatic ( 1), but lower 

than in the Aegean (Zl Their level decrease with distance from the city.DDT and its 

major degradation products are more widespread in fish from the area and comparable in 

level to those of Ligurian & Aegean Seas. '6 · HCH was lower in the level than it so< isomer. 

DDE in fish from the hydrodrome (an artificial Ush water lake) was higher than in the 

open sea fish. The levels were correlated to the fat content. The major compounds 

detected in sediment were DDT (DDD & DDE) o<. and 75 -HCH and PCB. The distribution down

stream from the effluent appears to be dependent on the organic content. The levels 

of PCB & DDT was highest in Abu-Kir Bay, wherethe sediment organic content was highest 

near El-Tabia pump station. It exceeds the levels reported by a number of Hediterranean 

authors (}, 4 • 5 and 6 l The<& '1-HCH, DDT derivatives were the major compounds detected 

in water. Although DDT occurred in sediments, it was undetectable in water. Again 

the l5 HCH was lo,.;er than itso<-isomer. As observed for sediments, Aru-Kir and Edku 

lake outlet yielded the highest levels of organochlorines in water. HCH and DDE in 

our area are higher than the levels reported by Fossato (SJ and Villenewe and 

Burni 6 )rut lower than those reported by Raybaud. ( 7) 

References: 

l.Fossato, V.U. and Craboledda, L. (1980). Chlorinated hydrocarbons in organisms from 

the Italian Coast of Northern Adriatic Sea. V. Journees Etud. Pollutions, Cagliari, 

C.I.E.S.M. 169 - 174. 

2Satsmadjys, J. and Gabrielides, G.P. (1977). Chlorinated hydrocarbons in stripped 

mullet (!'.'ullus barbatus J of Saronikos Bay. Thalassographica !• 151 - 154. 
3Balkas, T.I., Salihoglu, I., Tuncel, G., 'fugrul, S. and Ramelow, G. (1978). Trace 

metals and organochlorine residue conent of Mullidae family fishes and sediments in 

the vicinity of Erdemli (Icell, 'furkey, IV. Journees Etud. Pollutions, Antalya, C.I.E. 

S.M. 159-163. 

4Piceer, N. and Picer, M. (1978). Monicoring of chlorinated hydrocarbons in water and 

sediments of North Adriatic coastal water IV es Journees d'etudes sur le pollution 

marine en Mediterranee, Antalya 24 - 27 Novembre. 
5 .Fossato, J. ( 1982) • Etude des hydroca rrures chlores dan l 'envi roment de la lagune de 

venise VI Journees Etud. Pollution 465 - 468. 

6. Villenewe, J. and K. Burns ( 1982). Transport of Lindane in the Mediterranean Sea VI 

~rkshop on pollution of the Mediterranean, 455 -460. 

7.Raybaud, H. 1972. Les biocedes Organochlores et les detergents dans le milieu mariTY. 

Theses de Doctorat de Specialite. Univ. Aix. Marseille 28 Sep. 66 pp. 

Table I. 

Selected examples (single fish specimens) 

Sam£lin~ site Fish weight (g) Tissue PCB DDE DDD DDT HCH HCH Dieldrin 

Mex ~sp. 247 Muscle 79 8.5 1!.9 10.3 0.4 0.3 o. 7 
Liver 945 109.4 388 49 0.5 n.d. 5.5 

Pomatomus 600 Muscle 96 113.4 54.7 40 I .5 I 3. 7 

sal tator Liver 253 166 193 115 6.2 3.5 9.5 

Abu - Kir ~ 280 Muscle 10.6 0.8 0.9 0.4 n.d. n.d. n.J. 
Liver 183.4 18 26.9 7.8 1.6 1.6. 2.8 

~ 221 Muscle n.d. 9.8 n.d. n.d. n.d. n.d. n.d. 
Liver n.d. 3.0 1!.6 11.8 n.d. n.d. 1.5 

CD : Alexandria, Mex 

~ 
: Alexandria, Chatby 

~ ~~~Kir Bay 

: Rosetta (Rasheed') 

~. ""'""'"'_,,,,., .... 

c.. LakeEdO;u 

Fig. ( l): Area of study 

L-IV7 
FURTHER EVIDENCES ON Co-ZN INTERACTION WITHIN EMBRYo-LARVAL DEVELOPMENT 

OF MYT!LUS GALLOPROVINCIALIS IN RELATION TO BIOACCUMULATION 

AND FORMA.TION OF METAL-BINDING PROTEINS 

Jasenka PAVICIC(l), Borut SMODIS(Z), Mirjana SKREBLIN(l), 

Magda TUSEK-ZNIDARIC (2
), Igor KREGAR (2

) and Peter STEGNAR 

(1) Center for Marine Research, Rudjer Boskovic Institute, Rovinj (Yugoslavia) 
(2} "Jozef Stefan11 Institute, "Edvard Kardelj" University, Ljubljana 

(Yugoslavia) 

Developing embryo-larval phases of different bivalve mQlluscs have 

bean considered as very convenient organisms for testing of variety potentialy toxic 

substances including trace metals. Results obtained previously on embryo-larval deve

lopment of M. galloprovincialis proved that Cd-Zn combined toxicity was antagonistic 

or less than additive reducin intensity of morphological and physiological responses 

measured more than in organisms exposed to single Cd or Zn intoxication (PAVICIC, 1980). 

The existance of metal-binding proteins (MBP) similar in some properties to mammalian 

metallothionein in eggs and veliger larvae of blue mussels has been found recently 

(PAVICIC et al., 1984). The main intention of the present study was to elucidate some 

functional aspect of heavy metal tolerance and bioaccumulation, particulary as the 

consequence of Cd-Zn interaction. The methods applied, dealing with culturing of em

bryo-larval stages, metal exposure conditions as well as with fractionation of 

27000xg supernatant of homogenized larvae, were already reported in above mentioned 

publications. Carrier free radioisotopes 109cd and 65zn (NEN, W. Germany) were used to 

study bioaccumulation of metals via sea water. A activity of samples prepared from lar

vae and sea water medium was measured by gammaspectrometry technique. 

The results obtained following 48 hours of postfertilization during 

exposure to elevated concentrations of Zn (0.09 llg/ml) and Cd (2. 75 1Jg/ml) single and 

in combination, show markedly altered Cd distributions as the consequence of exposure 

to Cd alone or in combination with Zn. When Zn+Cd were applied simultaneously the 

considerably larger portion of Cd was associated with MBP indicating inducible potency 

of Zn itself and possibly subsequent exchange of Zn with more strongly bound Cd. Re

sults obtained on bioaccumulation show that concentration factor of 65zn (390) was mar

kedly higher than of l09cd (164) although both radiotracers applied together into sea 

water did not have produced significant difference compared to single metals as pre

sented on Table l. 

TABLE 1 

Bioaccumulation of 109cd and 65zn radiotracers, added into sea water, in a straight

hinge veliger stage of M. galloprovincialis within 48 hours of embryo-larval develop

ment • The results of single- and combined-metal accumulation are expressed as con

cer>.tration factors and relative activity corrected according internal standards. 

LARVAL RELATIVE ACTIVITY CONCENTRATION FACTOR 

CULTURE s.w. (imp/ml) larvae (imp/g) 

No 65zn 109cd 65zn 109cd 65zn 109cd 

1 - 957 - 156 587 - 164 

2 560 - 218 156 - 390 -
3 428 1422 163 580 222 616 382 156 

4* 551 - 233 720 - 424 -

* eggs being pretreated by stable Cd (via parents). 

PAVICIC, J. (1980) : Interaction of Cd and Zn in relation to oxygen consumption in 

early stages of marine bivalve molluscs. Ves Journees Etud. Pollution, 

Cagliari, C. I.E. S.M. : 627-634. 

PAVICIC et al., (1984) : Formation of inducible Cd-binding proteins similar to metal

lothioneins in selected organs and life stages of Mytilus galloErovincialis. 

VIles Journees Etud. Pollutions, Lucerne (in pr;ess). 
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L-IV8 
LEVELS AND TRENDS OF THE POLWTION OF CHLORINATED HYDROCARBONS 

IN r1JSSELS FR0'1 THE I<ASTELA MY (MIDDLE ADRIATIC) 

M. PICER, N. PICER and J. DUJMOV 0 

Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 
o Institute for Oceanography and Fisheries, Split (Yugoslavia) 

The contamination of the Adriatic Sea by chlorinated hydrocarbons has been 

relatively well documented. The Kastela Pay, a semi enclosed basin, . is especially 

susceptible to pollution and usually considered to be a heavily stressed ecosystem. 

A survey was carried out during 1984 - 1985 to measure the existing concentrations 

of some chlorinated insecticides (DDT and its analogous , DDE and DDD and dieldrine) 

and polychlorinated biphenyls in natural population of mussels growing in the Pay. 

During 1984 to 1985 mussels were collected seasonally (during spring, swm:€r, autumn 

and winter) at three stations. The results of the investigation are presented in 

figure 1. It can be seen that each station is unique in a certain way compared with 

the neighbouring stations, with respect to the residue level, variations in concen-

tration with seasons and the ratio of the PCB/DDTtotal" The ratios of the PCB/DDTtot. 

are significantly higher than 1 • 

Factors that may play a role in causing the observed fluctuations of chlori-

nated hydrocarbon concentrations and the comparison of the data obtained in the 

1977 - 1979 collection period are also discussed. 
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L-IV9 
EXPERIMENTS ON THE REVERSIBILITY OF TRANSFER 

- DEPOSITION PROCESSES OF METALS UNDER INTERMITTENTLY ANOXIC C<l'ID!TIOOS 

M. J. SCOULLOS, Ch. ZERI, M. DASSENAKIS & E. TSAMAKI 

Department of Chemistry, University of Athens, 
13a Navarinou Str .. , Athens (Greece) 

The deposition of metals under anoxic conditions is well documented 
(ref. 1). However rather little is known about the reversibility of the 
process when well oxygenated water is again in contact with recently 
deposited particles. In order to study this process, several sediment 
cores 30-60 em long were taken from the same coastal site in the NW 
section of the gulf of Elefis in Perspex tubes. Three of them which 
correspond to "extreme" redox conditions are presented here. Column A 
represents the natural conditions "in situ" (DO 7.5 ppm, pH 7.5). The 
water of the other two columns, B and C, was subjected to gradual 
deaeration by bubbling argon gently for many hours, until no oxygen was 
traced and the pH dropped to 7. Column B was left in anoxic conditions 
for one week and then was treated and analysed. In column C oxygen was 
bubbled until DO was raised to 10 ppm and pH to !;!. 

In all cases the overlying waters were filtered through 0. 45 J..Lm filters. 
filters. Particles were treated with HN03 in Teflon beakers. Dissolved 
metals were preconcentrated by using Chelex-100 resins. Surface sedi
ments were wet-sieved by using a 0. 61 J..Lm nylon net. Both size fractions 
were shaken for twelve hours with 0. 5N HCl and the extracted metal was 
determined by flame less AAS. 

Results and Discussion 

The concentration of several trace metals in the dissolved and parti
culate phases and in surface sediments are shown in the figures. 

It becomes clear that for lead, zinc, cadmium and copper, the reduction 
of the dissolved species in column B (when anoxic conditions prevail) 
is followed by an increase in the particulate species due mainly to the 
formation of sulphides. The dissolved metal levels are raised in column 
C where the water is again saturated with oxygen. The reversibility of 
the process was reflected also in the surface sediments for lead and 
zinc. 

The concentration of copper in the sediment did not show any appreciable 
change whereas cadmium showed a decrease of the concentration in the 
<61 J..Lm sediment fraction but an increase in the 61 J..Lm < one. 

When high oxygen concentration is restored dissolved metal is readily 
transferred in the particulate phase but deposition is not always 
noticed within the limited time available for the laboratory experi
ment. 

The general conclusion of this exercise is that it confirms the rapid 
reversibility of metal transfer-deposition processes in intermittently 
anoxic regimes observed in our earlier "in situ" studies (ref. 2,3,4). 
Further development of these experiments may offer a useful tool for 
the assessment of upward fluxes of metals in areas where anoxic condi
tions prevail for short periods. 
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Variation in trace metal levels in the dissolved (~g/1) and particulate (~g/1, ~g/g) 
phases and in surface sediments (IJg/g) under oxic (A & C) and anoxic (B) conditions. 
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DETERMINATI<l'J OF f-1ERCURY BY THE GoLD FILM t'IERCURY 

ANALVZER M-511 AT W\NOGRAM LEVELS 

M. SKREBLIN(!), M. HORVAT(Z) and P. STEGNAR(Z) 

(1) Center for Marine Research, Institute R. Boskovic, Rovinj {Yugoslavia) 
(2} 11J. Stefan 11 Institute, "E. Kardelj" University, Ljubljana (Yugoslavia) 

INTRODUCTION 

Among the many techniques for determination of mercury in environmental samples1 

there is the Gold Film Mercury Analyzer,Model Sll,developed by the Jerome Instrument 

Corporation. The purpose of this study was to evaluate the M-511 with respect to its 

precis ion. and accuracy 1 interferences and applicability. 

MATERIALS AND METHODS 

All reagents were analytical grade (Merck). Stock mercury solution: l mg Hg
27l in 

5 % HN0
3 

.Working mercury standards were prepared daily .Stannous chloride solution 

10 % in 3 M H
2

so4. Preacidified unfiltered sea water was analysed directly by reduc

tion-aeration or by double amalgamation technique. 2Biological samples were wet 

digested using HN0
3 

or HNO/HCl0
4 

in PTFE vessels or in sealed glass tubes. 

The apparatus consists of the Gold Film Mercury Analyzer, M-511, and a reaction 

vessel. The modified method with a preamalgamation step is schematicaly shown (Fig .1). 

RESULTS AND DISCUSSION 

The instrument was calibrated using both reduction-aeration and the vapour-injection 

method3(Fig .2),Excellent linearity was obtained for the range examined (2-50 ng Hg ) . 

A two-fold increase in sensitivity was found using the modified method. 

Working with wet digested biological samples serious interferences (probably caused 

by acidic fumes) were observed when the measurements were made by the direct method. 

Using a preamalgamation step these interferences were successfuly overcome .. Table l. 

shows the results of trace mercury analysis for various samples .. 

The precision of both method is 10 - 12 %. 

CONCLUSION 

Model 511 shows the good characteristics with respect to its linearity and repro

ducibility when working with pure standard solutions of mercury .Detection limits 

of 2-3 ng Hg, linearity up to 50 ng Hg and a precision of 11% were determined .Inter

ferences coming from wet digested natural samples can be eliminated by using a simple 

preamalgamation step which also increases sensitivity and makes the instrument 

suitable for analysis of a wide variety of samples. 

Table l: Comparison of analysis of various samples obtained 
with M-511 Mercury Analyzer and the LDC-UV monitor 

Sample type 

Polluted sea water (ngHg/1) 
(three different samples) 

Coastal sea water (ngHg/1) 

Tuna homogenate (ngHg/ml) 

M-511 
direct preamalgamation 

mean value mean value 

1040 (2) 
500 (2) 
870 (1) 

16 (2) 

LDC-UV 
N o t e s 

mean value 

1080 (2) Influenced by 
520 ( 2) chlor-alkali 
900 (2) industry 

5.4!2.4(4) 

9.0 (2) 

Hair (two different samples) 
(ngHg/ml) 

6 (2) 

8 (2) 

9 (1) 
9 (2) 

8.5 (2) eomparative re-
7 .8 (2) sults are from 

same digest 

NBS Oyster tissue (ngHg/g) 

G 
~80 

~ 70 

~60 
~ 
~50 

~40 
~ 
~ 30 

::E 

Fig.l. Diagram of apparatus for determination iii 20 
of mercury by preamalgamation step :i 

10 
(A) activated carbon trap, (B) reduction 
vessel, (C) acidic gas filter, (D) furnace, 
(E) gold trap, (F) threeout tap, (G) flow 
meter, (H) water pump, (I) M-511 

Ref .material 
57 ngHg/g 

20 40 50 60 
MASS OF MERCURY (ng) 

Fig.2. Comparison of calibration curves for 
M-511 

LITERATURE 

l) S.Chilov, Talanta (1975) ~. 205-232. 

(A) direct: reduction-aeration method 
r = 0.999 y = 0.93x- 2.4 

(B) direct: vapour-injection method 
r = 0.999 y = 1.09- 0.7 

(C) preamalgamation: reduction-aeration 
r = 0.999 y = l.42x - 2.5 

(D) preamalgamation: vapour-injection 
r = 0.998 y = 2.19 - 2.8 

2) M.Horvat, M.Skreblin, T.Zvonaric and P.Stegnar (in press). 

3) R.Dumarey, E.Temmerman, R.Dams and J.Hoste, Anal.Chim.Acta (l985) 170, 337-340. 

123 

L-IV11 
MERCURY-BINDING PROTEINS IN CYTOSOL OF THE GILLS 

AND DIGESTIVE GLAND OF MYfiWS GALLOPROVINCIALIS 

M. TUSEK-ZNIDARIC(l)' M. SKREBLIN(Z)' I. KREGAR(l)' 

P. STEGNAR (1) and A. PROSENC ( l) 

(1) "J. Stefanu Institute, 11 E. Kardelj" University, Ljubljana (Yugoslavia} 
(2) Center for Marine Research, R. Boskovic Institute, Rovinj (Yugoslavia) 

It is well known that among marine animals mussels are good accu

mulators of heavy metals, and are therefore sui table test organism for 

indicating metal pollution. In our experiment, mussels (Mytilus gallo

provincialis) were exposed to mercury (2.5 pg.l-l of HgCl
2

) using an 

open, continous-flow sea water system. Our previous results showed 

that in the gills and the digestive glands mercury was mostly associ

ated with subcellular particles(l). 

The present work was designed to determine the major mercury bind

ing component in cytosol. The gill and digestive glands tissues were 

homogenized (10% homogenate) and ultracentrifuged at 36000 rpm for 70 

minutes at 4°C. Supernatants, which contained 7-10% of total tissue 

mercury, was ul trafil tered and chroma tographed on a Sephadex G-75 co

lumn. The absorbance of the fractions was measured at 280 nm and 254 nm, 

and mercury was determined by neutron activation analysis ( 2 ). 

It was found that more than 70 % of total supernatant mercury from 

the digestive gland and more than 85 % of total supernatant mercury 

from the gills was associated with high molecular weight proteins. 

The rest of mercury was distributed between other fractions from gel 

filtration. This means that mercury entering the cell is bound mostly 

to cell structures. After 4 days of exposure there was no evidence of 

induction of metallothionein-like proteins in the cell cytosol. 

FIG. 1: Sephadex G-75 chromatograms of supernatants of mussel 
gills (A) and digestive glands (B). In 5-7 ml fractions 
total mercury (-), absorbance at 280 nm (-·-·-) and 254 nm 
(---) were measured. 
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1) M.Tusek-Znidaric, M.Skreblin, J.Pavicic, I.Kregar, P.Stegnar. Cellular distribu
tion of Hg in select<>.d organs of the marine mussels, Mytilus galloprovincialis, 
5th International Conference Heavy Metals in the Environment, Athens,l985. 

2) A.R.Byrne, L.Kosta: Simultaneous neutron activation determination of selenium 
and mercury in biological samples by volatilization. Talan.ta 21, 1083-1090, 1974. 
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Abstract: 

A C<M'ARATIVE STUDY OF SCM: HEAVY I'ETALS 

,~ CCWOO EDIBLE ORGANISMS FROM AEGEAN CoAST OF TURKEY 

H. UYSAL, S. TUNCER and 0. YARAMAZ 

Hydrobiology and Water Resources Research Center, 
Ege University, Urla, Izmir (Turkey) 

Inthis investigation, FAAS was used for the determination of the heavy metals (Fe, Zn, Cu, 

~~: 7 C~~-~~t~. ~n s~~~~:~r~~o!~:~hu~~~ ~A~-~~~7 ~~~~5 c~~~O a~d) s~~~d;:~l~~~~~a~~~~ ~:~8My~~{~s 
galloprovincialis Lm., (Av.4.3 cm-9.6 g.) Patella vulgata L., (Av.3.4 cm-4.5 g.)Monodonta 
turbinata BORN., (Av.1.4 cm-2.5 g.) These were collected from the Aegean coast of Turkey 
Average heavy metal levels determined on awet weight basis for these species were as 
follows : In fish species, Fe 1.90-94.35, Zn 2.50-20.60, Cu 0.15-2.33, Pb <:Q.02-4.23,Cd 
<!j_.01-3.10, Hg 0.02-0.50 and in mollussc species, Fe 19.42-520.0 Zn 7.50-52.12, Cu 1.04-
24.62, Pb 1.02-11.42, Cd 0.04-1.09, Hgt 0.01-0.50 pg/g in wet weight. 

Due to gradual increase in the volume of industrial effluents, touristic, urban and 
agricultural sewage, important quanti ties of chemical pollutants are being introduced into 
our coasts from different sources without any previous treatment. The bays and estuaries 
of the Aegean coasts are considered as important fishing grounds and evaluating rate of 
contaminations by the toxic substances is of vital importance for public health. Sampling 
was carried out from 10 stations, 20 specimens for each species along the Aegean coast, 
for each season during 1985 (Fig 1). Composite edible samples were digested with HN0

3
: 

r=;==;===T=========jjl ~~;~1e~5 ~~i ~~~~r F~~~~u~~r~~~~y b~ei~!m:~:;~s;~l~as 
vapour technique. We had a good correlation between 
our results and the MA-A-2 (IAEA-Monaco) sample 
beside those found by other workers. 

There are di fferances in heavy metaJ. levels between 
fish species and molluscs were observed, in accordan
ce with the values determined (Table I) 

T. trachurus and S.scomber are predators and 
S.pilchardus feeds on planctonic organisms.So the 
above mentioned species are representative public 
marine foods. S. pilchardus seems to be much better 
adapted to the environmental conditions of the pollu
ted areas than the other pelagic species. So, they are 
more abondance in our polluted coast(MATER, 1979). 
M.galloprovincialis has a filter feeding regime; 
P.vulgata and M. turbinata have herbivore and they 
live in different biotopes o( the same area. 
M.galloprovincialis is distributed in the nothern 
Aegean coast of Turkey , it comes down observed in 
the izmir bay, however there are no mussels observed 
in the southern part of eastern coast of Turkey. 

It seems that, probably some ecological factors 
are different in this region (UYSAL, 1973). 

Fig 1. Sampling sites a long in 
Aegean coast line. 

Table I. Mean Concentrations in the Species (~g/g W.W) 

T e trachurus 
S.scomber 
S.pilchardus 
M.galloprovin 
P.vulgata 
M. turbinata 

Cu * Zn ..£!=__ Pb ...Q!_ ....!:!9_ 
0.83+0.56 5:08+1.37 10.8+14.57 0.81+0.44 0.09+0.06 0.12+0.11 
0.89+0.38 5.70+2.52 7.26+4.33 1.31+1.02 0.13+0.11 0.13+0.09 
0.90+0.31 9.18+4.43 19.2+24.27 1.17+0.92 0.12+0.09 0.19+0.15 
1.84+1.11 27. 3+13.18 68.1+41. 7 1.61+2.12 0.17+0.16 0.09+0.11 
2. 75+0.98 17. 7+6.83 155 +39.1 3.32+1.68 0.40+0.19 0.11+0.11 

15.5 +4.35 14.3 +4.94 186 +182. 7 0.43+0.27 0.10+0.11 0.10+0.05 

The variations of metal concentrations in the species are different as reported in 
our previous studies (UYSAL, TUNCER 1983 a). The average content of Fe and Zn are high 
for all species, concentration of Fe is maximum in S.pilchardus and M.turbinata. The same 
results have also been pointed out by CAPELLi et all; ( 1980) and UYSAL and TUNCER ( 1983) 
in E.encrasicholus. Hg concentrations in the mentioned species are less than the other 
metals. 

There are still no toxic levels in the mentioned species; that could be dangerous 
to the consumers in our coasts, but it will be better to continue the comperative survey 
~n the pollution effects, on representatives of the different biotopes of common food 
chain organisms , for the benefit of public health. 

This work was partly supported by UNEP/FAO Coordinated Programme on the Pollution 
of the mediterranean; MED-POL Phase II; and partly by Ege University. 
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L-IV13 
PETROLEUM HYDROCARBONS IN AI..ExANDRIA COASTAL SEDII-ENTS 

AS ASSESSED BY EMISSION .AND SYNCHRONOUS FWORESCENCE SPECTRA 

0. ABOUL-DAHAB and Y. HALIM 

Oceanography Department, Faculty of Science, Alexandria {Egypt) 

Introduction: Sediments< 1 ,2,3& 4 l act as sink for unoxidised petroleum 

hydrocarbons and provide a better means of assessing contamination in 

any given area than the overlying water. Hydrocarbons enter Alexandria 

coastal environment from the "Sumed" loading terminal at Sidi Kreir, 

~<est, ship traffic to and from Alexandria western harbour, the wastes 

of an oil refinery in Mex Bay, and oil fields, 100 km to the west of 

Alexandria. The objectives of the present work are threefold : 

- to generate base-line data on THCs in sediments off Alexandria, 

earlier information being too fragmentaryCS) or dealing only with 

beach and water contamination.C6&7) 

- to intercompare the oils commonly transported through the area. 

- to atte"'ft to traceback the petroleum hydrocarbons in Alexandria 

sediments by fluorescence synchronous spectra. 

Methodology : 30 coastal stations were sampled (fig. 1). 

and the samples were extracted by n-hexane. (8&9) UVF analyses 

carried out using a Baired-Atomic: SI'R-100 ratio-recording spectra

fluorimeter. The intensity of fluorescence emission at 360 nm when 

excited at 310 nm< 10) was compared. Chrysene, El-alamein, Saudi-Arabian 

and Iranian crude oils were used as references. Synchronous ( f. =25) 

spectra were recorded for the crude oils and for each sample. 

Results a~L~!=~~=~!~n0 ~ c: ~~; s:~; i~ 0 ~u ~ ~~n c: rude W~: 10 ~ t~:~~~~=u:~ 1 H ve n 

by ' R * Fitioresceiice-;;£-iietroietiiii-5Ciitii:Ian x wi::-ar<:iirrseiie-
was 1:2.9:5.4:6 using chrysene, El-Alamein (Egyptian), Safanya (Saudi 

Arabian), Kharg Island (Iranian) crude oils respectively. The 30 

samples analysed yielded the following ratio 1:2.8:5.6:5.9 

respectively. Taking in consideration tne weathering variab111ty 

between the samples, the two sets of ratios appear to be in fair 

agreement. Estimate<> oil concentrations in the sediments ranged from 

less than 0.1% to • 7% of the total organic carbon present. 

The proportion of organic carbon attributable to oil is unrelated to 

either particle size or- the amount of organic: carbon in the investigated 

sediments. The types of aromatic: hydrocarbons present are indicated by 

synchronous spectra which are sensitive enough to changes in composition. 

Aquatic: Environmental Pollution Project, EGY/73/058.Alexandria University. 

The spectra obtained from the extracts were compared with those of the 

crude oils used • The synchronous spectra of the samples could 

be divided into five types. 1ney are shown together with those of the 

crude oils • Most samples exhibited their maximum fluorescence 

at 350 or 325 nm, showing that they contained mostly 2,3 and 4 ring 

aromatlcs. ::;maller pe.akes at 400, 445 and 460 nm indicate more conde

nsed aromatics, thought to be generated by pyrolysis reactions during 

fossil fuel combustion.( lZ)The synchronous spectra of only two samples 

(station 2&5) correspond to the spectrum of El-Alamein crude oil. 

Most of the remaining samples exhibit no clear resemblance to any 

spectrum type, suggesting the diversity of origins of oils in the 

studied area. 

Refer-ences: l. l'reegarde, M., Hatchard, C. G. and Parker, C. A. 1971: 

Lab. Prac:t.,20, pp 35-40. 2. Jobson, A., Cook, f. D. and westlake, 

D. W. S. 1972: Appl. liic:robiol., 23, 1082-89. 3. Gordon, D.C.Jr, 

Keizer, P. D. and Prouse, :-l. J. 1973: J. fish. Res. Bd. Can., 30,1611-18. 

4. Johnston, R. 1970: J. )iar. Sial. Ass. U.K., 50, 925-37. 5. Awad, 

H. 1981 : In Libre d Actos, Conferencia International Contra la Pollucio 

de la Mediterrannia, Barcelona, :-lov. 1981. 207-17. 6. Aboul Dahab 0. 

and Y. Halim, 1980 : yes Journees Etud. Pollutions, pp. 201-208, Cagliari, 

Italy. 7. Halim, Y. 1983 : Mid-Term Report, 1983, Aquatic Environ-

mental Pollution Project, EGY/73/058. Alexandria University. 8.Barry 

T. Hargrave and Georgina A. Phillips 1975 : Environ. Pollut. (8).pp 193-

215. 9. R. J. Law, 1981: Marine Pollution Bulletin, Vol. 12. ~a. 

5 pp. 153-157. 10. IOC/1¥)10/U~EP, 1977 : Supplement to manual and 

guides, N° 7, UNESCO. 11. roc 

Indian Ocean Region Training Course 

in Petroleum )ionitoring. Held at 

the Australian department of Science 

and the environment perth, 18 feb.-! 

March 1980. (U~ESCO). 12. Wakeham, 

S.C. 1977: ·synchronous fluorescence 

spectroscopy and its application to 

indigenous and petroleum-derived 

hydrocarbons in lacustrine sediments. 

Envir. Sci. Techno!., ll, 272-276. 
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L-IVI4 
CARTCX3RAPHIE DES PEUPLEMENTS BENTHIQUES IlJ PORT D'ALGER 

A. BAKALEM, C. REBZANI, J.C. ROMANO et M.L. TAHAR 

ISMAL, B.P. 90, Alger-ler Novembre, Alger (Algerie) 

~· This 11or!: covers 25 stations in whole port of Algiers, in June 1984. 

The value of phy:oical and chemical parameters (oxygen an suspended matter) sho;T 

that Southern portion ol' this port is more polluted than the Northern one. The 

benthic populations reflect this situation, we find an azoic area in the South, and 

more diversified population.G (subnormal zone) in the North, while in the middle 

these is an intermediate polluted area. 

HI LIEU ET l1ETHODES D1ETUDE • Le port d 1 Al

ger, d'une superficie de 180 hectares, est 

divise en 3 bassins; du sud au nord bas

sins de Mustapha, de l' Agha et du Vieux 

Port. 2 passes permettent la communication 

avec l'exterieur (carte). 

De nombreux egouts s'y deversent, de plus 

dans la partie sud sent implantees diver

ses installations industrielles (cimente

rie, centrale thermique ••• ) • 

Les resultats concernant 28 stations rea

lisees en juin 1983 sent igi exposes (34 
stations ant ete suivies au cours d 1un cy

cle annuel; these REBZANI C.). 

Pour chaque station 3 coups de benne Oran

ge Peel ont ete effectues, ainsi que des 

mesures de temperature, de salinite, de 

pH, de teneurs en oxygene dissous et en 

matieres en suspension ( NES). 

RESULTATS CONCERNANT LE HILIEU. Pour les 3 parametres salinite, pH et surtout oxy

gene dissous les valeurs les plus faibles sent localisees dans le bassin de Musta

pha, et en particulier dans les darses; les valeurs les plus fortes ant ete mesu

reea dans le bassin du Vieux Port, le bassin de l' Agha presentant des valeurs in

termediaires. Pour les l-lES les valeura les plus fortes sent localiaeea dana le bas

sin de Mustapha. 

RESULTATS CONCERNANT LES PEUPLEMENTS. tea darses et une partie du bassin d 1 evolu

tion du· bassin de Hustapha sent: azo'i:ques. Dans l'autre partie du bassin d 1 evolution 

le peuplement est peu di versifie (3-5 especea), avec des denai tes inferieures a 
800 ind/m

2 
et une dominance des indicatrices de pollution superieure a 94 % (essen

tiellement Scolelepis fulip;inosa et Capitella capitata). Ce peuplement, referable 

a celui de la zone II polluee (BELLAN, 19157), presente un aspect d 1 alteration. 

Dans le .fond des darses et dans la partie sud du bassin d 1 evolution du bassin de 

1 1 Agha le peuplement presents une dominance des indica trices de pollution superi

eure a 85 %, §: fulii)inosa et f: capitella sent les principales especes, mais le 

nombre d'especes est compris entre 8 et 12 et les densites entre 11000 et 30000 ind 

/m
2

, ce peuplement est done celui de la zone II. 

Dans les parties nord et ouest du bassin d 1 evolution de l'Agha les densites sent de 

l'ordre de 2000-3000 ind/m
2 

1 le nombre d'especes. est compris entre 14 et 23 1 la 

principale espece est ~ ~: cepeuplement est referable a celui de la zone 

III subnormale perturbee (de 10 a 23% d'indicatrices de pollution). 

Dans le bassin du Vieux Port, les densites sent comprises entre 1000 et 5000--ind;m
2

, 

le nombre d 1 especes entre 24 et 4o, les principales especes sent f. gibba, plusieurs 

Apseudes, Pseudolirus kroyeri, ~ marfna et Abra ~; la dominance des indi

catrices de pollution est en general inferieure a 5 % sauf dans les darses au elle 

est plus elevee. Le peuplement de ce Vieux Port est celui de la zone subnormale, 

presentant des aspects d'alteration dans les darses. 

DISCUSSION - CONCLUSION. La zone azol:que correspond a un milieu tres perturbe; les 

darses du bassin de Hustapha (oxygenation tres faible 1 fortes teneurs en MES). Dans 

le bassin d'evolution les conditions sent limites (oxygenation faible, variable) 

le peuplement de la zone polluee y est particulierement pauvre: secteur sud. 

Dans le bassin du Vieu..'< Port (secteur nord) de meilleures conditions permettent 

1' implantation du peuplement de la zone subnormale. 

Dans le bassin de l 1 A13lla les valeurs sent intermediaires, le peuplement de la zone 

polluee est locnlis& dillls les darses et dans le secteur sud (influence de Hustapha) 

le peuplement de la zone subnormale altere dans les secteurs ouest et nord. 

Pour chacun de ces 3 ;)ru:;sins les fonds de darses, milieux confines, presentent les 

conditions les plus cCvCres et les peuplements les mains diversifies. 

L' etude du cycle atmucl de ces peuplements permettra de sui vre leur evolution dans 

le temps mais aussi l'cvolution de la zonation dans l'espace. 

11IllLIOORAPIIIE SOI.TI·iAil-:E. 

''ELLAN G., 1967, Pollution et peuplements benthiques de substrata meubles dans la 

r&cioll de i·i=coille. 2cmepartie. L 1 ensemble portuaire marseillais. Rev. 

intern. Oc6o . .nor. r.1ed. 0:51. 
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L-IV1s 
DISTRIBUTION ET ORIGINE DES HYDROCARBURES 

Dt~Ns DES SEDIMENTS DE L' i LE DE PoRT CRos (FRANcE) 

Madeleine BARNIER, Tamim EL JAMMAL et Gilbert MILLE 

Facul te des Sciences et Techniques. Centre de Spec
troscopie Moleculaire et U.A. 126 de Chimie Molecu
laire et de Petroleochimie, rue Henri Poincare, 
Marseille (France) 

La connaissance de la nature des hydrocarbures ainsi que la repartition 
des differentes fami lles ou de certains composes speci fi ques presents dans 
1 e mi 1 i eu marin est tres uti 1 e pour determiner 1 es apports nature 1 s ou anthropo
geni ques d 'hydrocarbures ai nsi que 1 es processus di a genet i ques pouvant se 
derouler dans les sed{ments. Si dans de nombreux sites cotiers mediterraneens 
l es hydrocarbures dece 1 es a des taux fort vari ab 1 es sont genera 1 ement d' ori gi ne 
petro 1 i ere, i l a ete montre que parfoi s l es origines des hydrocarbures peuvent 
etre multiples. Afin de mettre en evidence des sources d'hydrocarbures majoritai
rement non petro 1 i ere, nous avons pense que 1 es zones marines entourant 1 'i 1 e 
de Port Cros pourraient s'averer etre interessantes du fait de la position 
geographique de cetteile d'une part et de 1a reglementation et de la surveillance 
dont e 11 e fait 1 • objet d' autre part. 

Notre etude concerne 6 stations situees auteur de 1'ile de Port Cros. 
Les teneurs en hydrocarbures des sediments sont assez faibles (6 a 66 

!lgl g. sed. sec) et genera 1 ement 1 es hydrocarbures aromat i ques po 1 ycyc 1 i ques 
sont p 1 us abondants que 1 es hydrocarbures satures (Tab 1 eau 1) ce qui demontre 
que dans ce milileu existe de bonnes conditions pour que les phenomenes de 
biodegradation pui ssent se deve 1 opper. 

Tableau 1 : Sediments Port Cros. Resultats gravimetriques ( llg/g.sed.sec). 

FlS F2a F3a 
F1 

Stations M.O.E. "1s+F2a+F3a 

Baie de Port 152 11.3 g_ 7 11.6 0.34. Man 1 

Baie de Port 158 7. 5 20.1 38.3 0.11 Man 2 

Baie de la 47 3.4 7.6 1.2 0.27 Palud 3 

Anse de Janet4 37 3.2 2.4 1.0 0.42 

Rade de Port 105 5.6 7.5 0.95 0.39 Cros 5 

~~~~ de Port 6 157 24.8 13.0 2.0 0.62 

Dans la fraction "hydrocarbures satures" des n-alcanes sont presents et 
les concentrations de chacun de ces hydrocarbures sont de l'ordre de quelques 
dizaines de ng/g.sed.sec. Pour ces composes on note une legere predominance 
entre (nC25 et nC31) des n-alcanes a chaine impaire par rapport a ceux a chaine 
paire, aini que 1a presence parfois abondante de n-heptadecane. Le massif 
"UCM" (unresolved complex mixture) est generalement peu marque. Dans cette 
fraction des composes olefiniques (heptadecene, phytadienes •. ) ont ete deceles. 
L' ori gi ne pri nci pa 1 e de ces hydrocarbures n 'est done pas petro 1 i ere mai s p 1 utot 
naturelle. Les n-a1canes a chaine impaire pourraient provenir d'apports terrige
nes ou de certaines p 1 antes. L' ana lyse de posi doni es montre effecti vement 
que ces pl antes renferment des hydrocarbures ( ~ 50 !lglg poids sec d' hydrocarbures 
satures) et notamment des n-a lcanes a chaine impai re beaucoup p 1 us abondants 
que ceux a chaine pai re • Les a lcenes dece 1 es pro vi ennent vrai semb 1 ab 1 e
ment du phyto et du zoop 1 ancton present dans 1' eau sus- jacente du sediment. 

SEDII'lENT PORT CROS 

STATION 2 

(fRACTION AROMATJGUE) 

4 

n 

1 a Phenanthrene 
2 • C 1 Phenanthl:€nes 
3.Fluoranth€:ne 
4.Pyr€:ne 
5. Benzof l uor€:nes 
6 .Benz(a)anthracene 
7. Chrys€:ne 
8. C1 Chrys€:nes ou C 1 

benz (a)anthracenes 
9. Benzofluoranth€:ne 

10. Benzo(e)pyr€:ne 
II. Benzo(a)pyrene 
12. Perylene 
13. Dibenzanthrac€:nes 
14. Benzol(ghi)perylene 
•· Indeno(l ,2,3 -cd) pyrene 

15. Anthanthr€:ne 
16. Coronene 

1314 

Dans 1 a fraction "hydrocarbures aromat i ques" souvent p 1 us import ante que 1 a 
fraction "hydrocarbures satures" (Tableau 1), les hydrocarbures aromatiques poly
eye 1 iques 1 es p 1 us abondants ne sont pas substitues et sont compri s entre 1 e phe
nanthrene et 1 e coronene. La presence d' une te 11 e seri e de composes non subst itues 
est un si gne evident pour une ori gi ne non petro 1 i ere de ces hydrocarbures. L' i den
tification de la plupart d'entre eux conduit a envisager une origine principalement 
pyrolytique pour ces hydrocarbures (residus de feux de forets ou produits resultant 
de la combustion de derives petroliers 1iberes dans ]'atmosphere et retombant dans 
le milieu marin pour s'accumuler dans les sediments.). 

Cette etude detai 11 ee des hydrocarbures presents dans 1 es sediments de 1' I 1 e de 
Port Cros demontre une contamination certai ne mai s qui n' est pas comme dans de nom
breux sites medi terraneens d • ori gi ne !l"i nci pa 1 ement petro 1 i ere. 

a 
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L-IVI6 
THE EFFECT OF LAND BASED SOURCES OF POLLUTION ON THE FISHERIES ON ABu KIR &w 

Nabila F. BISHARA 

Institute of Oceanography and Fisheries, Kayet Bey, Alexandria (Egypt) 

Abu Kir Bay was considered as one of the best fishery grounds in 

Egypt ; but due to industrial development, several big factories were constructed in 

the area, which drain big amounts of industrial wastes into the bay ; also after the 

construction of Aswan high dam in 1964, Nile water ceased to flaw through Rosetta 

Nile branch into the bay, which led to the concentration of toxic pollutants into the 

bay water. 

Sources of land drainage into the bay are 

1. Rosette Branch of the Nile. 

2. Maadya lake - Sea connection. 

3. Tabia pumping station. 

The fisheries of Abu Kir Bay decreased progressively from 1962 

(5087 ton) to a minimum in 1976 (619 ton), representing a decrease of 87 t. 

At Abu Kir Bay, three fish markets are located. 

1. Abu Kir fish market 

In which maximum landing of 3010 ton was in 1963, but decreased 

to reach 828 ton in 1979, a remarkable increase in fish landing was noticed in the 

years 1981-1983. The de=ease in fish landing was reflected on Sardinella spp, 

Sciaena aquilla and Epinephelus spp. Bottom feeders increased and profited from in-

creasing organic load of the water, of this Mull us barbatus is an example. 

2. Maadiya fish market 

Maximum landing of 2004 ton was obtained in 1962, but decreased 

sharply tell 1983, no recovery. was observed in this fish market as in Abu Kir fish 

market. 

Sardinella spp practically disappeared from the landing after 1967, 

also Sciaena aquilla and Trichurus haumela. 

On the contrary, Mullus barbatus and Lethrinus nebulosus began to 

appear in appreciable quantities in the catch after 1978. 

3. Tabiet el Sheikl fish market 

In 1963, fish landing of 202 ton was obtained, it decreased stea-

dily to reach 39 ton in 1981. 

Of the species that suffered we mention Sardinella spp, Sciaena 

aquilla and Mugil capite. Bottom feeders like Mullus barbatus and Atherina spp increa-

sed in the landing. 

It is concluded from the study that fish markets located inside 

the bay, near to pollution discharge, like Maadiya and Tabiet el Sheikh fish markets, 

suffered more from pollution problems than Abu Kir fish market, located at the top of 

Abu Kir peninsula, the fish landing in these two fish markets did not recover in the 

last three years in spite of the administrative regulations that intended to improve 

the declining situation. 

L-IV17 
INFLUENCE 00 Cavv-1ENSALISME SLR LA CONTAMINATION DE PINNA NOBILIS 

ET DE CRUSTAcES DECAPODES PoNTONIA PINNOPHYLAX ET PINNOTHERES PINNOTHERES 

PAR LES MErAUX CUIVRE, ZINC, NICKEL ET MANGANESE 

A.V. CATSIKI 

Centre National de Recherches Marines, Hellinikon (Grece) 

Dans la cavite palleale de Pinna nobiUs L. on trouve tres souvent les Crus

taces Pontonia pinnophyZa:x (Otto, 1821) et Pinnotheres pinnotheres (L. 1758), espikes 

commen.sales (Zariquieey Alvarez, 1968). Le but de ce travail est d'etudier la rela

tion entr.e la contamination par les metaux lourds de ces PeH!cypodes et Decapodes qui 

vivent dans les !OOroes conditions environneroentales et, ensuite, de recherch.er le role 

des facteurs tels La taille et la localisation de la station de prelevement. 

METHODOLOGIE 

Des specimens de P. nobiZ.is ont ete recoltes dans 5 stations du Golfe de Saro

nokos et du Golfe de Gerars (Ile Lesbos) au printemps 1985, en plongee autonome. Les 

bivalves ouverts, on a recupere les decapodes commensaux. Le tube diges tif de P. no

bil.is .i'yll.'n.t ete mis a part, le muscle et la totalite des organes ont ete traites com

me orga':es independants. Afin d • estimer le niveau de la contamination de certains or

ganes, les hranchies et les gonades ont ete etudiees dans les deux cas. Tous les 

echantillons ont ete traites selon la methode proposee par Bernhard (1976). Le dosa

ge des metaux (Cu, Zn, Ni et Mn) etait effectue par la methode d'absorption atomique 

(DNEP, 1984). 

RES VLTATS-DIS CUSS ION 

La concentration plus elevee en metaux du Golfe Saronikos par rapport au Golfe de 

Geras (Grimanis, 1982) a affecte la concentration de ces metaux chez. 'i>. nobiUs. 

De meme' les forts taux dans les sediments superficiels d. une stat ion de Golfe de 

Geras en Manganese (donnees du CNRM) se reflete sur la contamination intense des 

PHecypodes de cette station. 

1 
On remarque que d'une maniere generale, les differents organes de P. nobiUs, presen

te des taux en metaux beaucoup plus forts que ceux du muscle, phenomene dil a leur 

activite metabolique €levee. La variabilite de<; teneurs en Cu de P. nobiUs laisse 

apparaitre chez les plus gros individus a accumuler d 1 une maniere plus intense le Cu. 

En outre les Crustaces les plus contamines semblent etre heberges chez ces memes plus 

grands specimens de P. nobil.is. La !OOme remarque peut etre faite pour le Zn. 

L'assimilation du Ni par les bivalves ne presente pas de variabilite significative, 

ce qui ne permet pas de rechercher le role de 1 'hote sur la contamination des Crusta

ces commensaux. Par centre, la teneur de P. nobiUs en Mn presente une tres grande 

variabilite qui ne semble pas suivre de regle constante. Il en va de !OOme pour les 

Pinnotheridae, bien que les concentrations les plus fortes semblent avoit ete rencon

tres dans des individus recoltes dans les P. nobi~is les moins contaminees. Par cen

tre, la concentration en Mn des Palaemonidae semble avoir une relation positive avec 

la longueur des bivalves hotes. 

Pour conclure, le role du commensalisme sur la contamination des especes 

commensales n' est pas tres clair, surtout pour le Ni et le Mn. Cependant, il semble 

s 'affirmer une tendance des decapodes les plus contamines par le Cu et le Zn a etre 

recoltes dans les specimens les plus grands de Pinna nobiUs.qui presentent eux

!OOmes les valeurs les plus elevees de ces metaux. 

BIBLIOGRAPHIE 

RERNHARD M., 1976. FAO Fish. Teeh.. Pap. 158: 124 p. 

GRIMANIS A.P., 1985 .Demok.ritos, Ath.enes, Interim Final Rep. 

DNEP, 1984. Reference Methods for Marine Poll. Stud., 11, Rev. l. 

ZARIQUIEY ALVAREZ, 1968. Invest. Pesq.u. 32: 510 p. 

126 



L-IVIS 
PRELIMINARY ESTIMATES OF WATER AND TRACE METALS BALANCES 

IN MEx Bw Y/EsT oF ALEXANDRIA (EGYPT) 

A. EL-GINDY, 0. ABOUL-DAHAB and Y. HALIM 

Oceanography Department, Faculty of Science, Alexandria {Egypt) 

Abstract: The t1ex my water, about 19) X 1cP ,;J in volure, has a residence tine of at.out 1.2 days, 

while the inflwing fresh water has a residence of at.out 2.C8 days. This short period is due to the free 

canm.mication betw-een the l::ay and the Eastern Mediterranean waters. The rate of water exchange between 

l::ay and sea, 1::ased on salt and volllTE continuity in a r.o layers systan, was found to be 161 X 1o6 ,;J day-1 

at the upper layer towards the sea, and 155 X 1o6 ~ day-1 entering the l:ay in the lo.er layer. The rrass 

l:alance of metals indicates that the particulate forms of Fe, Mn, and Hg have residence times of at.out 8, 

4.2 and 2.5 days, longer chan for their dissolved forms, while an opposite behaviour is observed for Cu, 

1dth 11.9 days for the dissolved fonn. This evidence is interpreted as resulting fran the daninant 

physical fonn of the rretal. 

Introh:tim : The highly polluted t1ex l:ay a sanielliptical open l:asin west of Alexandria (Fig. 1), 

bas been intensively studied by the Aquatic Fnvirorurental Pollution Project of Alexandria Undversity~l,2&3) 

Four cruises have been carried out bec.een Augest 1933 and Aug. 1934. In this po1.: c, using data genera

ted during the project, a preliminary assessrent of the rrass l:alance of fresh water and of five trace 

rretals ( Fe, Mn, Zn, Cu, and Hg) in their dissolved and particulate forms, in addition to their residence 

times,is attenpted. 

lhterial ax! aetOOd of analysis : The l:ay is influenced by the discharge fran different effluents namely 

Utun drain (6X 1o6,;J day-1 of water loaded with 5520 ~ L-1 of particulate !Jl3tter), Noubaria canal (0.9 

X 1o6m3 ctay-1 with 11810 ~ L-l of particulate !!l3tter), Misr chemical industry (0.035 X 106m3 day-l with 

?EA42 ~ L-1) and Tanneries factories and Slaughterhouse (about 0.002 X 1o6m3 day-1 of water). The 

!Jl3jor effluent, Urun drain, _is also the !Jl3:in source of particulate and dissolved rretals into the l::ay. 

To detennine the fresh water l:alance and its residence tine, the bay was divided into 19 boxes (Fig. 1) 

and the voltllE and mean salindty for each estimated. The mean salindty detennination using the salindty 

profile at each station was obtained by ~.eighted mean, considering the thickness of each water layer 

bec.een r.o measurBlE!lts. The fresh ~-Bter % in each t.ox, given S the mean salindty, Ss the offshore 

salindty (39.2% ), and sf fresh water salindty (4% ), is given by equation (l) : 

l!'f = ~s = §f = 0.02841 (39.2 - s ) (l) 

The standing sto1 of fresh water in the bay is the sun of fresh water volure in all boxes. The rate of 

water exchange bec.een bay and sm, assun:ing the valid assunption of a r.o layers systEm, salt and water 

voltllE continuity is given by equations 2, 3, &4 

0, = outflow to the sea = Q R X Si I ( Si - S0 ) 

Qi = inflow to the l::ay = Q R X S"' I ( Si- S0 ) 

t = residence tine = V ( Si - S0 ) I Si X Q R 

(2) 

(3) 

(4) 

Q R = fresh water discharge + Rainfall - evaporation, 

upper layers of the l:ay and V is the bay voltllE. 

~ and S0 are mean salindties in the 101.er and 

tr =residence tine of freffi 1-.Eter = f~:J ::: a=es~ bxltP m3 day-1 (S) 
The residence time of a rretal is gi vm by equation 6 

tm =Standing stock of the rretal (Bay voltllE X mean core.)/ rate of infla. of the rretal to the systan (6) 

Rerults ax! discussim : The fresh ;.ater standing stock in the bay fluctuates bec.een a mininun in mid 

winter (3. 7 X 1o6 ,;J) and a llBXinun in mid stJli1Er (reaching 19.5 X 1o6 ,;J), with a mean residence time tf of 

about 2.C8 days. Residence tine t for the ..mole l:ay, ~ Si=37.~, S
0
=36.S%, V=l9J.3X1cP ,;J, 

Q R = 6 X 1o6 ,;Jday-1 , Q, = 161 X 1o6 ,;J day-1, Q;_ = 155 X 1o6 ,;J day-1 t = 1.2 days, which is less 

than that of fresh water due to mtrairnent effect. The rrass l:alance of trace metals is represented by 

Fig. 2 and table l. The inflow fran land sources, the exchange with the sm, the exchange with the Western 

harbour (Fig. l), are considered, while the unkno.n terms ( air-sea and bottrnrwater fluxes) are disregarded 

for the tine-being. The particulate forms of Fe, r-h, and Hg have longer residence times than the dissolved 

form. Cu bas an opposite behaviour. Generally the dominant physical fonn of the metal bas longer resid

ence time. The total rrass l:alance of Zn after the given approxi!Jl3tions, sho.; a net loss in the systan; 

this loss might be CaiJl"llS3ted by arnnspheric outfall fran the adjacent cerent factory. The forms with 

longer residence tine in the bay are likely to have a more important impact on the bay. 

Refereoces ; l. Halim, Y. 1983 : Mid-Tenn Report, 1983, Aquatic Fnvirornental Pollution Project, 

a;'{ /73/058. Alexandria University. 2. Aboul !Bhab, 0., 0. El-Rayis and Y. Halim 1934 : ICSEM/ 

IOC/UNEP Vllth Workshop on llirine pollution of the Mediterranean, Lucerne, 11-13 Oct. 1934. 3. 

El-Rayis, 0., 0. Aboul !Bhab and Y. Halim 1934 : ICSEM/IOC/UNEP Vllth on M3rine Pollution of the 

Medit'erranean, Lucerne, 11-13 Oct. 1934. 

Totall.IlpJt(kg/day} St.andl.ngst.ock(kg) Re<llden:et~day9 

D P T 0 P T D P T 

(t' .. oll.soolve.:l,P .. ~lcuiate,T•total.net.alcoocmtraua~) 
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L-IVI9 
SO'IE EIWIRONMENTAL FACTORS AFFECTING SURVIVAL OF FECAL PATHCGENS 

AND INDICATOR ORGANISMS IN SEA WATER 

Fahmy EL-SHARKAWI, L. EL-ATTAR and A. ABDEL GAWAD 

Department of Environmental Health and Microbiology, 
M~ I.PH, University, Alexandria_ (Egypt) 

This study was ronducted to d'>termine the effect of scma envirormental 
factors as tanperature, slinity and light en the rate of die-off s. 
Typhi, s. ~<ein, Sh. flexneri and E. coli as examples of, fecal pathogens 
and indicators in water. These organisms ,...re tested in different kinds 
of water: Seawater, filter sterilized seawater tapwater and oonnal 
saline. These organisms ,...re oounted e~ery ~ rours for 8 hours and 
then every day up to 7 days. It ""-S found that there """s oo great dif
ference in survival time of the tested organisms at temperature of 
25-35°C, but at 40°C they died off rrore rapidly. 
The salinity of seawater did oot affect the survival time of 
Salm:lnellas. Sh. flxneri and E. coli appeared to survive longer in 
fresh """ter than seawater at temperature 3D-35°C. cay light ie sun 
light has a lethal effect oo all test organisms, survival time was 
shorter when exposed to day light than in the dark in different types 
of """ters, being rours up to 24 hours a:mpared to several days in the 
dark. Artificial light has less effect than natural day light. It can 
be ooncluded that exposure to sunlight is the rrost important factor in 
the process of self-purification of polluted water clue to sewage cut
falls. 

RESUU'S & DISOJSSION 

A. Effect of temperature: 

Temperature has been one of the rrost frequently oonsidered factors in 
affecting survival time of bacteria. Virtually rrost studies roncluded 
that the rate of die-off increased as the temperature increased. This 
was rrostly apparant with s. txphi "*>ich survived for periods varying 
between 6-7 days in different types of """ter and oonnal saline at tan
peratures up to 35•c, but died-off after 2-4 days at a temperature of 
4o•c. The survival of s. V~ein was longer at 40°C, being 3-4 days o:m
pared to 3-7 days at temperatures 25-35°C. Sh. flexneri survived enly 
for 2-3 at 40°C, while it survived for 4-7 days at 25-35•c. E. coli 
survived fran 1-5 days at 4o•c, while it survived longer at 25-35°C 
being fran 2-7 days. So, it is apparent fran this study that 
there is oo great difference in the survival time of the tested patho
genic organisms at temperatures 25-35°C, but they died off rrore rapidly 
at 4o•c. 

Table (1) shows a a:mparison between the die-off of the 4 tested orga
nisms under the effect of 4 different tanperatures (25-3D-35-40°C) in 3 
types of water & oonnal saline. 

Tune rypes at water 
in F.s.w. R.s.w. D.T.W. N.S. 

org. days Temperature •c 
25 30 35 40 25 30 35 40 25 30 35 40 25 30 35 40 

~-~ 7 7 7 2 6 6 6 2 6 6 6 4 6 6 6 
s. Vleln 4 4 3 3 4 4 4 3 6 6 4 4 7 5 7 
sh.f!exneri 2 3 3 6* 4 3 4 2 6 7 5 2 3 4 4 r. coli 7 5 3 l 7 4 2 3 7 7 6 5 7 4 5 

F.S.W. - ilter sterilized sea """ter R.s.w. - Raw sea """ter 
D.T.W. = decholrinated tap water N.S. = Nonnal saline 
* = time in hour~ 

B. Effect of Salinn:y: 

3 
5 
3 
5 

It has been stated that the rrost p::>tentially toxic substances present in 
sea water oo the basis of ooncentration are the inorganic salts. In this 
study, tnwever, the salinity of sea """ter or any of its antagonistic factors 
did oot affect the survival time of salm:mellas. Many investigators studied 
the survival time of these organisms in sea water and reported different die
off times. This lack of unifonnity could be attributed to the difference in 
the used techniques, tested strains and oonditions of the experiments. 
Regarding Sh. flexneri, it .as found that it is affected sane what with 
salinity. It surv1ved longer in fresh """ter than in sea water. 
Marsharipov, found that the survival of shigella was influenced by the o:m
position of their aquous environnent. E.coli appeared to survive longer 
in fresh .ater than in sea water at temperatures 3D-35°C. 
Nunerous v.orkers have justfied the use of E. coli as an indicator of fecal 
pollution. Because it survives longer in .ater than any of the micro
organisms of public health significance. However, this study showed that 
E. coli and s. txphi have similar survival properties in water. The 
JUStlflcation here lies en the fact that E. coli is easier to be rntected and 
it is in greater number than sal!tvnellas in p::>lluted water. 

C. Effect Of liqht: 
Porter reported that ultraviolet and visible light have sane lethel 

effects on bacteria and that certain bacterial cultures gr<M best in the 
dark. In this study, it is clear that these organisms survive rrore in the 
dark ranging fran 4-7 days in the different waters. They survive enly for 
few rours to one day when exposed to sun-light. Artificial light has less 
effect than natural light. So, it is apparant that exposure to day light is 
an important factor in the die-off rate of the different organisms. Tilis 
factor, hence, becanes the crucial factor in the self-purification process 
when disposing of sewage in the aquous envirorment. 

Table (II) shows a a:mparison bet..een the die-off of the 4 tested orga
nisms under the effect of 3 different types of illunination in 3 types of 
water & oonnal saline, 

Time rypes of water 
in F.s.w. R.s.w. D.T.W. N.S. 

org. days Illuninations 
D.L. A.L. D. D.L. A.L. 

~- ~ 8* 1 5 1 2 
s. V~ein 4* 8* 6 1 1 
Sh. flexneri 8* 6* 5 l 3 r. coli 8* 1 4 8* 4 

F.S.W. - fllter stenllzed sea .ater 
D.T.W. = decholrinated tap water 
D. L. = day light 
D. =dark 
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L-IV2o 
TRANSFER AND DISTRIBUTION OF SILVER IN SEAWATER 

AND SEDIMENT CORES FR0'-1 NORTHERN SARONIKOS GuLF, GREECE 

A.P. GRIMANIS, N. KALOGEROPOULOS and Maria VASSILAKI-GRIMANI 

Nuclear Research Center 11 DemokritoS 11
, 

Radioanalytical Laboratory, Aghia Paraskevi Attikis, Athens {Greece) 

Silver was determined in seawater and sediment cores from northern 
Saronikos Gulf, Greece by Instrumental Neutron Activation Analysis (INM). 
Increased levels of total and dissolved Ag in seawaters and total and 0.5N 
HCl extractable Ag in sediment cores were found from stations near the Athens 
Sewage Outfall (ASO) and close to a fertilizer Plant (F.P.) outside Piraeus 
Harbor as compared with those found from stations 5 km offshore~ The predo
minant Ag form in seawaters was dissolved Ag ( 90% of total). A transfer of 
Ag towards southwest from pollution sources was observed, both in seawater 
and sediment core samples, due to the predominant cyclonic circulation in the 
N. Saronikos Gulf. 

INTRODUCTION 

Northern Saronikos Gulf receives combined domestic and industrial wastes 
through the Athens Sewage Outfall (ASO). The Gulf also receives waste water 
from a Fertilizer Plant (F .P.) and other industries outside Piraeus harbor. 
All these wastes contain trace and other trace elements including silver. 
Silver salts are expectionally toxic toward freshwater fish (FBrstner & Wittmann 
1983). Details of the distribution of Ag in seawater are not very well known 
(Bruland 1983). Increased concentrations of silver in surface sediments near 
the ASO of the Northern Saronikos· Gulf have been previously found (Papakostidis 
et al., 1975). 

The objective of this study was to investigate the transfer and distribu
tion of siver in seawater column (total, dissolved and particulate Ag) and in 
sediment core samples (total, 0.5N HCl-extractable and particulate Ag) from the 
northern Saronikos Gulf. 

MATERIALS & METHODS 

Sampling: Seawater samples were collected from 15 stations (Fig. 1) during two 
cruises (July and October 1984). Sediment core samples were collected during 
the October cruise (Fig. 1). Details about sampling and pretreatment of samples 
for analyses are given elsewhere (Grimanis et al. 1985). 
Methodology: Silver was determined in seawater and sediment samples by INM 
(Grimanis et al. 1985). 

RESULTS & DISCUSSION 

Silver concentrations in seawaters: During both cruises max:inum concentrations 
of Ag in surface waters were found near the F.P. outside Piraeus harbor (1.0-1.4 
11g/l for total Ag, 0.97-1.3 11g/l for dissolved Ag). Elevated concentrations of 
Ag in surface waters were also observed in the vicinity of the ASO (0. 7-1.1 11g/l 
for total Ag, 0.67-1.1 !Jg/1 for dissolved Ag as compared with those found in 
surface waters from stations 5 km offshore (0.15-0.30 l!g/1) both for total and 
dissolved Ag). 

. Concentrations of total, dissolved and particulate Ag in the water column 
ranged as follows: 0.1-1.4 lJg/1 for total Ag, 0.10-1.3 l!g/1 for dissolved Ag 
and 0.006-0.10 llg/1 for particulate Ag. The predominant Ag form in seawater 
samples from all stations was dissolved Ag (>90% of total). 
Chromium concentrations in sediment cores: Haximum concentrations of total, 
0.5N HCl extractable and residual Ag (llg/g dry weight) in the silt-clay fraction 
(particle diameter <55 11m) of sediment core samples from stations C7, C5 and C1 
are presented graphically in Fig. 2. Station 7 was situated close to the 

Ag (vg/g) 
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Fig. 1 Sampling Stations Fig. 2 Silver concentrations (llg/d d .w.) in sediment 

F .P · and C5 close to ASO. Station 1 was situated "-5 km away from ASO. 
. Maximum concentrations of total, 0.5N HCl extractable and residual Ag were found 
1.n the core C7 with an abnormal distribution with depth (Fig. 2) probably due to perio
dic dumping of solid and liquid wastes. Elevated concentrations of total, 0.5N HCl 
extractable and residual Ag were found at c6 station close to the ASO as compared with 
those found a few km offshore. A sharp decrease of Ag concentrations with depth was 
observed at Station C5 which seems to reflect the changes of the quality of wastes 
during the last years. The lowest total, 0.5N HCl exctractable and residual Ag con
centrations were found in the core of station c1 , which were relatively constant with 
depth and can be used to define the geochemical background values for Ag in the area 
studied. 

Silver transfer: Higher concentrations of Ag were found both in seawater and sediment 
samples collected from stations located SW of the pollution sources when compared with 
those found in seawater and sediment samples from stations SE of these sources (Tab .1). 

TABLE 1. Comparison of Ag levels in seawater and sediments from the SW and SE sta
tions of the North Saronikos Gulf 

Stations Surface sea water Sediment cores· total Ag (!lg/g) 
total A (JJ /1) 

July Cruise October Cruise October Cruise 
0-10 em 10-30 em 

SW stations 0.67 0.43 0.41 0.45 0.24 0.82 0.74 0. 79 
(B4,B 2 ,C4,c2)* (B4) (B2) (C4) (C2) (C4) (C2) (C4) (C2) 

SE stations 0.49 0.41 0.31 0.18 0.67 0.41 0.55 0.27 
(Bs,B3,C 3,C1)* (BS) (B3) (C3) (Cl) (C3) (C1) (C3) (C1) 

*Letters in parenthesis indicate the sampling stations (Fig. 1). 

This distribution proves that there is a southwestern transfer of Ag probably due to 
the predominant cyclonic circulation of the Northern Saronikos Gulf. 

BRULAND K.W. 0983) In Chemical Oceanography (Riley S.P. and Chester R. eds.) Aca
demic Press, Vol. 8, pp. 172-173. 

FORSTNE~ ~·· WIT~NN G.T.W. (1983) Hetal Pollution in the Aquatic Environment, Se
cond ed 1t 1on, Spr1.nger-Verlag, Berlin. 
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2, 427-429 (Ed. T.D. Lekkas) CEP Consultants Ltd., 26 Albany St., Edinburgh EM1,3QH 
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E1UDE CCJvlPARATIVE DES PARTICULARITES PHYSICO-CHIMIQUES ET B!OLOSIQUES 

DANS DEUX BAlES, POLLUEE ET NON-POLLUEE DU GOLFE D'lZMIR 

A. KOCATAS, Z. ERGEN, T. KATAGAN, T. KORAY, B. BUYUKISIK, 
S. MATER, I. OZEL, 0. UCAL et M. ONEN 

Ege University, Department of Biology, 
Section of Hydrobiology, Bornova, Izmir {Turkey) 

SIJMMARY 

In this investigation undertaken in the polluted (iner bay) and unpolluted (Giilban<;e 

Bay) waters of Izmir Bay, the physico-chemical parameters and biological characte

ristics have been determinated. It has been observed that the above stated characte

ristics show: variation due to pollution in the inner hay. 

INTRODUCTION 

La pollution a dehute en 1960 dans le Golfe d'Izmir, mais ses effets ne sont apparus 

qu'a partir de 1970. Pour cette raison, les cons~uences de la pollution sur les pa

rametres ph.ysico-chimiques et biologiques ont ete etudies depuis 1970 (Kocatas et 

Gelday, 1980, Kocatas et al., 1984). 

DEFINITION DES ZONES ETUDIES ET DES POLLUANTS 

Dans la partie la plus orientale du Golfe d'Izmir, une baie interieure relativement 

fermee et peu profonde (mx. 20 m) occupe une superficie de 65.5 km
2

• Au sud est du 

Golfe, la baie de Gulbah<;e est plus profonde (max. 30 m) et plus vaste ( 120 km
2
). La 

haie de Gulbalu;.e rer;oit seulement les dechets domestiques de quelques villages alors 

que dans la baie interieure se deversent 245 000 m
3 

d'eaux usees par jour et les 

dechets industriels non traites de 1250 usines, ceci correspondant a 93 000 m
3
/jour. 

METHODE DE TRAVAIL 

Dans chaque beie, six stations ont ete choisies et la recherche s'est faite entre 

1983 et 1985. Les parametres physico-chimiques tels la temperature, la transparence, 

le seston, la salinite, l'oxygene dissous, le pH et la teneur en sels nutritifs ont 

ete mesures selon les methodes classiques. Les prelevements de plancton ont ete ef

fectues a 1 'aide de 1 'Hydrobios universal serie water sampler (5 l) et les priHeve

ments benthiques avec une benne type "orange-peel" qui permet de recolter 4 a 5 li

tres de sediment. Les poissons ont ete captures avec des filets. La richesse speci

fique {indice de diversite) a ete calculee par la formule de Shannon-weaver ( 1963) • 

RESULTATS ET DISCUSSION 

!-Comparaison des parametres physico-chimiques 

Dans les deux baies, les temperatures, salinites et pH presentent des valeurs moyen

nes assez homogenes, les taux d'oxygene dissous sont tres variables et les quantites 

de seston et de sels nutritifs sont tres superieurs dans la baie interieure oii la 

transparence est considerablement diminuee par rapport aux valeurs obtenus dans la 

baie de Giilbhar;e. 

2-Plancton 

Les recherches realisees dans les deux haies, ont mis en evidence des differences 

au niveau de la composition specifique tant du phytoplancton que du zooplancton.Au 

point de vie quantitatif, la baie interieure est plus riche que la baie de Giilbhar;e. 

L'indice de diversite de Shannon permet de mettre en evidence des differences au 

niveau des Communautes planctonniques des deux baies (Fig. 1). 

3-Peuplements benthiques 

Les prelevements effectues dans la baie interieure totalisent 75 especes et 3814 

individus, en haie de Giilb~e, 179 especes et 91.13 individus ont ete denombres. 

En raison de la forte pollution de la baie interieure, les cinq stations internes 

sont tres pauvres en especes. Par contre, la station 6, situee dans une zone inter

mediaire est tres proche des resultats obtenus dans la haie de Giilbahr;e, ainsi que 

le confirme 1' indice de diversite (Fig. 1). 

4- Populations de poissons 

On a observe des donnees quantitatives plus elevees dan la haie interieure, mais un 

nombre d' especes plus eleve dans la baie de Giilhahr;e. 
TOTAL or 
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Fig. I: Indices de diversite des peuplements planctonniques et benthiques dans les 

deux baies (BG: baie de Giilbah,.e; BI: haie interieure) 

REFERENCES 

Kocatas et Gelday, 1980: HeZ.goZ.. Meeresf., 33: 393-400 

Kocatas et al., 1984. 5emes Journ. Et. PoU. ma1'., C.I.E.S.M.,Lucerne, octobre 1984 

Shannon C.E. and Weaver W., 1963. The mathematical theory of communication, Illinois 

Univ. Press, Urban, Ill., 117 p. 



L-IV22 
IMPACT CF SLAG DEPOSITION ON DEMERSAL FISH ASSEMBLAGES 

IN THE N. EuvoiKOS GuLF 
C. PAPACONSTANTINOU and E. CARAGITSOU 

National Centre for Marine Research 1 Athens {Greece) 

I.PROBLfl.l 

The purpose of this contribution is to study the pollution effects of the dis
charge of the slag particles coming from the smalting of iron-nickel alloy in the N. 
Euvoikos Gulf. The nickel smelting factory utilises are containing 1 to 2 % nickel. 
Since 1969, it has been discharging slag holding 4% crp36and 35% Fe in the Gulf o
ver an area of 67 Km and weighing so far a total of 25.10 tons (about 6 .106m). Inve
stigation conducted by utilizing various indices of community stracture. 

2. MATERIAL AN'D MEIHODS. 

To compare habitats, the sea area under study was divided into three ecological 
areas A, B abd C, according to the distance from the location where the slag is dis
charged. A (st. 1,3 and 4) is characterized by the presence of a layer of slag on the 
bottom, C (st. 7 ,9 and 10 ) is hr away from the first unpolluted, whilst B (st. 2, 
5 and 6 ) lies between them. The samples were taken seasonally, from June 1983 to 
June 1984, using a 400 HP fishing trawler. The study is concerned with demersal 
fish fauna which is known 
to be strongly influenced 
from the sea bottom where 
the slag falls. Computa
tions were made at each 
station as regards the num
ber of fish species (S) 
and individuals (N), the 
Brillouin (H) and Shannon
Weaver (H') species diver
sity indices, the species 
richness (SR), the domi
nance and the index of 
overlap (Cl). Also· the oc
currence of slag in the 
stomach content was inve
stigated in 143 hake and 
175 red mullet. .,..,:l· ---=~7=-1-------;;:;:-"-

3. RESULTS. 

The fish collected 
during this study total-

:}~;~~c~o~;h s~~;~i=:~ .~u!!d a~d r!~{~;;n~h!::t~~~scl~~c:a~~: ~fa~~:;. 
is allo"'ed. DID rr.esence o~ slolp; on the sc:'l·bottom. 

27,713 individuals, representing 61 demersal species, weighing 891,3 Kg. A seasonal 
breakdown of the N and S data for all stations during the whole year of trawling 
shown that peak of S and N in the majority of the stations occurred during November 
September 1983 and June 1984, with seasonal changes in the number of individuals and 
species related to the fishing status of the Gulf,, trawl fishing is prohibited bet
ween the middle of Novelpber and the end of March. Comparing the catch per effort 
( Kgr/}1. ) for each investigated station, it was concluded that the area B catches 
yielded generally higher catch than the other areas;no substancial differences in 
catch per effort were found between A and C. The dominance values do not completely 
reflect these results. Areas that were found to be under stress from slag had con
sistently lower dominance than the corresponding control areas. 

The H and H' indices reflect the changes in relative abundance of species in 
each station. Peaks usually occurred in the stations of area A. Mean values rein
force the previous findings, but the statistical analysis does not confirm their 
significance. The mean value of the eveness factor presented a slight increase in 
areas affected by slag (area A). Peaks of SR usually occurred in most stations of 
the polluted area in September, November and ~larch. The seasonal variation of SR was 
not found to differ significantly between areas A and B. From the study of Cl values 
those of areas A and B tend to present a greater similarity, suppo:z:ting the hypothesis 
that there is a close relation in the fish assemblages belonging to the two slag 
affected areas. No sign of slag was found in the stomach content of hake because it 
feeds mainly on benthopelagic species. The good condition of the organisms which 
were found in the stomach of red mullet from areas A and B supports the view that the 
fish can be fed in these areas . 

4. DISCUSSION 

It is usually acknowledge that stressed conditions in benthic systems are rela
ted to low species diversity. Suqi areas are also characterized by a high level do
minance and high productivity. This has been demonstrated with phytoplankton (PAT -
TERN, 1962), zooplankton (ODUM et al., 1963) ,benthic macroinvertebrates ( BOESCH , 
1972) and fishes ( ARMJSTRONG et al. ,1971). In contrast with the above, TRA.\fER and 
ROGERS (1971) found that the gross pollution did not have a uniform effect on fish 
populations in the polluted areas. HARGALEF (1968) reported that the diversity of 
the demersal fish populations trawled along the Mediterranean Spanish coast ranged 
from 1.4 to 3. 5 . He noted that all values of diversity fell in a rather narrow ran
ges, with an upper limit near of 4. 5, representing an efficiency limit that aquatic 
communities may not be able to surpass. If the above figures are taken as guidelines 
then fish diversity indices can be used as a tool for stress analysis in the present 
study. The small and uncorrelated differences found in the fish diversity indices 
among the three areas A, B and C indicate that the whole study area is moderately 
stressed by pollution. 
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L-IV23 
TRACE METALS IN THE COASTAL MARINE WATERS FRQ\1 THE SoUTHERN PART 

OF THE ROMt\NIAN BLACK SEA COAST 

Ioan PECHEANU and Radu MIHNEA 

Romanian Marine Research Institute, Constantza (Romania) 

RESUME.- Les valeurs moyennes annuelles des m€:taux trace, dans les eaux de surface 
de l'isobathe de IO metres, du sud du littoral roumain, durant la p€:riode allant 
de 1982 a !985, ont varie entre 1,44 - 3,80pg/l Cu; ND- 3,0pg/l Pb; 7,95 - 22,48 

jlgll Zn et ND -12,35pg/l Fe. Ces donn~e~ sont. i':fe;:ieures a. c:l~es rapportees ~ar 
divers auteurs pour d t autres zones marl. t1mes S1.m1.la1.res cons1derees comme polluees. 

The southern part of the romanian Black Sea coast is more developed from the 

social-economical point of vue than the northern one. Therefore, the complex studies of 

monitoring and maintalng the marine environment quality aimed especially this area. 

METHODOLOGY 

Twice a year during 1982-1985 water samples were taken from 5 stations points 

of - 0, 5 m depth along the 1 0 m contour line. 

The concentration and metals extraction were performed by means of APDC and 

MIBK, accurate measures being taken in order to avoid contamination. An AAS-PYE 

UNICAM-SP 
2900 

was used. 

RESULTS AND DISCUSSION 

The mean values and variation scales are presented in the Table 1 • The Table 2 

presents the data published by others authors concerning similar marine areas. 

Table 1 - Variation scale and mean values ( ug/1) 

Year Cu Pb Zn Cd Fe 

1982 2,40-4.90 N,D, 7.10-10.10 0,05-0.16 
(3,80) (-) (8.2) (0.08) 

1983 0,60-4.06 N.D. 1 ,87-46.50 0.17-1.60 2,12-66.0 
(2.28) (-) (20.36) (0,65) (12.86) 

1984 2,0 -6,25 N,D-1,87 2,20-27.50 N,D, 
(1,44} (0,83) \7.~SJ (-) 

1985 
N,D,-7,0 N,D,-12,70 1.40-91.10 N.D. N.D.-53.0 

(1.81) (3,0) (22.48) (-) (12.35) 

The obtained results point out that during 1982-1985 the yearly mean values varied 

within the limits of: 1 .44-3.80 1ug/l for Cu; N,D.-3.0 /ug/1 for Pb; 7,95-22,48 /ug/1 for 

Zn; N,D,-0,65 
1

ug/l for Cd and N,D,-12, 35 
1

ug/l for Fe. 

An increase tendency of values from one year to another is noticed. In the most 

situations this increase is proper to the upper limit of the scale. The explanation con

sists in industrial used waters discharge in that area where the increasing of values was 

determined, 

For the remaining part of the studied area the mean values are placed in the in

ferior part of the scale, which demonstrates a slight content of heavy metals, 

Our data compared with those published by other authors (Table 2) showed that 

the coastal waters from the southern part of Black Sea Romanian shore are still not af

fected by the heavy metals pollution. 

Table 2 - Trace metals in the marine water from some others oceanic ar«as( ug/1) 

Cu Pb Zn Cd Fe 

12-31 1-5 37-76 Gemlik, CURI 
40-90 60-2020 100-760 E. Port Alexandria, 

EL-SAYED et al. 

0.99-11.6 1,1-315 N. Adriatic, BRANICA et aJ. 

0.05-10 NW-Italy, MART et al, 

N.D.-3,5 Lagoon Bruse, CHABERT 

N.D. -not detected: 

CONCLUSIONS 

In the Southern part of the Romanian inshore waters (1 0 m contour line) heavy 

metals pollution was not erecorded. 
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METAUX TRACE ET INDICATEURS Bl\CTERIENS DANS LES SEDIMENTS MARINS MEUBLES 

D
1

UNE ZCl'JE SOUM!SE AUX INFLUENCES ANTHROPOGENES DU LITTORAL ROUMAIN 

loan PECHEANU et Silvia VELESCU 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

29 samples of superficial sediments from an area under anthropogenic in
fluence were analized for heavy metals and bacterian indicators. The obtained data 
showed no chemical or bacterian pollution. 

L'objectif de cette etude a Ete de dEterminer le contenu et le niveau de 
pollution de metaux trace et d'indicateurs bact€.riens des sediments recents, d'une zo
ne soumise a !'influence d'activites anthropiques riveraines. 

Methodologie 

Durant l' ete 1985, nous avons preleve des echantillons de sediments en 29 
stations situees sur 4 profils de la cOte, entre 0 m et 20m de profondeur. 

La determination de la teneur a ete effectuee par absorption atomique en 
utilisant un AAS-PYE UNICAM, SP2900', alors que celle des indicateurs bacteriens a ete 
r€alis€:e par la methode de 1' ensemencement dans des tubes multiples a milieux liquides 
et le calcu1 du MPN en rapportant au gramme s€diment a 105°C. 

REisultats et discussions 

Les Tableaux 1 et 2 presentent les parametres calcules ayant pour base les 
resultats obtenus de 1' analyse des sediments meubles de la zone etudi€.e et respective-.. 
ment les donnees rapportees par certains auteurs pour diverses zones m€diterran€ennes, 
trouvees dans diff€.rents stades de pollution pour les metaux lourds. 

Tableau 1 - Caract~ristiques des s~diments superficiels (tg/g) 

Para- Fe Substance 
metres Cu Pb Zn Gd Mn (mgjg) organ.igue(mg/g) 

28 29 29 29 29 29 29 
minima 0,48 1,62 4,26 N.D. 54,82 0,54 4,34 
maxima 9, 72 23,26 44,13 N.D. 332,30 9, 96 89,00 

X 2,59 5,91 17,25 N.D. 141,62 2,55 20,81 
S.D. 2,22 4,65 13,59 N.D. 64,93 1,82 19,23 

N.D.- non d~terminable 

En analysant les parametres syntll€tis€s dans le Tableau 1, nous avons cons
tate que les metaux trace varient dans des limites restreintes. 

Ces donnees sent tres infE:rieures aux valeurs commWliquees par certains 
auteurs (Tableau 2) pour les sediments superficiels des zones m€diterran€.ennes forte
ment affectees par la pollution par les metaux lourds. 

Tableau 2 - M~taux trace dans les s~diments marins 

Cu Pb Zn Cd Mn Fe!mg:Lg) 
Abu-Kir Bay 

0,8- 91 ,0 9,0-,.7<60 N.D-14,10 12-410 1,06-29,44 SAAD et al. 
Venice 

2,8- 37 ,o 5' 3-84,6 1,2- 14 0,05- 5,60 5,40-767,00 ANGELA et al. 
7,9-21;5 22,0-48,0 32,8-180 0,16- 0,37 180-630 Ebro,OBIOLS 

60,7-103,0 22,7-71 ,0 <0,61-20,00 360-960 ARNO 

Les r€sultats obtenus pour les indicateurs bacteriens ant mis en €.vidence 
que : 

tBrique 
. les sEdiments contiennent tous les indicateurs bact8riens d'origine en-

. • les concentrations moyennes des Streptocoques sent plus €levees que cel
les des Col~formes, aspect signale aussi par d 'autres auteurs (Tableau 3) (3_) ; 

Tableau 3 - Valeurs moyennes des indicateurs bact~riens des s~diments 

Coliforms totau.xLg E.coliig Stre12tocogues f~cauxt_g 
ann~e 1984 198~ 1284 12~~ 128!1 12~~ 
mois VII VIII VIII VII VIII VIII VII YJII VIII 

n 8 20 9 7 20 8 20 
x 18,3 85,5 11,4 2,3 1 ;25 2,9 179,7 80,4 39,5 
SD 19,34 97,73 11 '52 3, 52 1 ,37 3,73 138,17 108,74 49,79 

_ le niveau des accumulations des Streptocoques f€caux dans les sediments, 
XA max 1 79/g est inferieur a ·celui trouve par VOLTERRA et al., xG max 243450/100 ml ; 

. entre les valeurs moyennes des deux annees ont ete enregistrees des dif
fErences qui ne peuvent pas etre attribuees a une diminution de 1' impact anthropique 
mais au ph€.nom€ne d' upwelling. 

Le calcul de la correlation entre les paires des valeurs de substance or
ganique et des Streptocoques fEcaux a mis en evidence en 1984, r = 0,819, n = 9 a un 
niveau de signification <0,001 et en 1985, r = 0,011, n = 18 a un niveau de signifi
cation de <o,9. 

Ces r€sultats laissent supposer que !'existence de la correlation signifi
cative de la premiere annee a ete accidentelle, ou le ph€.nom€ne est dependant de fac
teurs qui pourront etre €lucid6s a travers des etudes ult€rieures. 

Conclusions 

Les recherches effectuees n 'ont pas mis en evidence, dans les sediments 
rEi cents de la zone €.tudiee, 1' existence de fortes influences li€es aux acti vi tes an
thropiques riveraines. 
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Es terasES represent a multi locus complex enzyme system. They ca ta lyse the hydro
lysis of organic ester bonds. Although their natural substrates are not known for 
most of them, their study presents particular jntercst since they are inhibited by 
organophosphates, carbama tes and mercury compounds. The first two crt tegories of in
hibitors are widely used as insectisides and pesticides. 

The method for resolving esterase isozymes by slab 
phorcsis (PAGE) and the subsequent histochemical staining 
using a~naphthyl acetate as substrate has been reported ( l). 
of the esterase isozymes according to their substrate and inhibitor specificities 
was carried out according to Haritos et al. (2). Isoelectric focusing was performed 
on slab polyacrylamide gels (pH 3.5-9.5) according to Veini et al. (3) and gel 
filtration on a Sephadex G-200 column l50x2 em according to Haritos & Rpsemeyer(4). 

Several bands of esterase activity (up to 8) were revealed in all tissues 
examined (liver, stomach, red and white muscles, heart, brain and gills) with the 
exception of the intestine where only 3 bands were observed (Fig. 1). The highest 
overal· staining intensity was shown by the liver extract. Liver is considered as 
the richest source of esterases in vertebrates. Some of the bands were common in 
most of the tissues examined while others were tissue specific. Therefore the over
all esterase isozymic profile was characteristic for each tissue. Isoelectric focu
sing in precast slab polyacrylamide gels did not reveal a greater heterogeneity 
than that observed with PAGE. In liver 2 main bands with isoelectric points of 
4.60 and 4. 77 and 4 minor ones with isoelectric points of 5. 71, 6.30, 6. 72 and 
6. 99 were observed. 
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Fig. 1 Electrophoretic pat tern::; ot non specific sol uo1e esterase in various tissues 
of Trachurus trachurus. L, liver; S, stomach; I, intestine; r.M, red muscle; w.M, 
white muscle; H, heart; B, brain; G, gills. In., interface between stacking and 
separating gels; Bb, bromophenol blue band. Numbers are assigned to the bands 
starting from the most anodic ones. Latin numbers stand for spatial groups of iso
Z}'1nes. Ac, acetylesterases; CE, carboxylesterases; Ese, esterases sensitive only 
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to eserine and CH, cholinesterases. 

In order to characterize the esterase isozymes of Trachurus Trachurus accord
ing to their substrate, inhibitor and heat lability properties, a-naphthol esters 
of acetate .. propionate and butyrate were used as substrates; diisopropylfluoro
phosphate (DFP, organopnosphate), eserine sulphate (carbamate) and parahydromercuri
benzoate (PHMB, organic mercury compound) were used as inhibitors, and temperatures 
of 50 and 60°C were used for the determination of heat lability. An example of the 
characterization of the esterase isozymes carried out for each tissue is given in 
Table I. 

Esterases EL-l EL-2 EL-3 EL-4 EL-5 EL-6 EL-7 EL-8 EL-9 

Substratea specificity 

Q{-naphthyl acetate 4• 3• 3• 3• 
Q(-naphthyl propionate 4+ + 3+ 2+ 3+ + 

(-naphthyl butyrate 2+ 4+ + 3+ 3• 

Inhibitor b specificity 

DFP (10-4M) - 3• 3• 3+ 3• 3+ 
Eserine (10-4 M) 

Pl!MB (10-3 M) 

Heat labili tya 

15 min at 50°C 2+ 4+ 

15 min at 60°C 

Classification CE CE CE CE 

~1gb. activity {4+), low activity (+), no activity (-) .. 

:Coaplete :inhibition (3+), little inhibition (+), no inhibition (-) .. 

Ac, Acetylesterases; CE, Carboxylesterases .. 

In this way 4 types of esterases were indentified. Acetylesterases (Ac) and carboxy
lesterases (CE) in all tissues examined, eserine sensitive isoz;rrnes (SSe) in white 
muscle and brain and one choljnesterase (CH) only in white muscles. Acetylesterases 
are not inhibited by any of the above inhibitors, carboxylesterases are inhibited 
only by DFP, eserine sensitive est erases only by eserine, and cholinesterases by 
both DFP and eserine. It appears therefore that DFP and to a lesser extent eserine 

while no inhibition was observed by PHl'-fB at least at the 
concentration 

By gel of liver and brain extracts 2 peaks of estefase activity were 
resolved in each case with apparent molecular weights of 340,000 and 58,000, and 
3!3,000 and 55,000 respectively. On the other hand the intestine extract showed only 
one peak corresponding to 339,000 molecular weight. Electrophoresis of the pooled 
fractions corresponding to the high molecular weight species (313-340,000 M.wt.) for 
each tissue sho\...·ed the presence of the DFP inhibited carboxylesterases. 

In conclusion esterase isozymes sensitive to organophosphate compounds (at 
least to DFP) i.e. carboxylesterases are present in the digestive system, muscles, 
brain and gills of Trachurus trachurus. Although the in vivo effects of DFP are to 
examined in our laboratory, results of this investigation suggest that all tissues 
have the potential to share the toxic effects of DFP through esterase irreversible 
inhibition. On the other hand the effect of the carbamate compound eserine seems to 
be more restricted (i.e~ in white muscles and brain). 

~~f~::~~~~~ 
1. Haritos A.A. and Salamastrakis S.S., !982, Comp. Biochem. Physiol. 72B, 477-480. 
2. Haritos A.A., Salamastrakis S.S. and Veini M., 1984, Proc. VIIth ICSEM/IOC/UNEP 

Workshop on Marine Pollution of the Nediterranean, Lucern, 1984. 
3. Veini M., Tsitsiloni, O.E., Martini, S.M. and Haritos A.A., 1986, Comp. Biochem. 

Physiol. in press. 
4. Haritos A.A. and Rosemeyer M.A., 1986, Biochim. Biophys. Acta 830, ll3-ll9. 
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STUDY ON THE EFFECT OF CoPPER WORKS EFFLUENT 

AS RAW AND AFTER ITS TREATMENT ON TILAPIA ZILLII GERV, 
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Alexandria Institute of Oceanography and Fisheries, Alexandria (Egypt) 
0 High Institute of Public Health, University, Alexandria (Egypt) 

Bioassay studies showPd that the l~thality of Copper Works 

effluent containing comparatively high concentrations of heavy metals 

e.g. Fe and Cu as well as moderate amount of organ·ic matter (Table 1) 

is nil or negligible, while its sublethal effects e.g. feeding activity, 

growth retardation, and bioaccumulation of heavy metals are significant 

(Table 2). Treatment of such effluent with activated clay or activated 

carbon (0.5 mg/L) considerably decreased its content of heavy metals 

(Table 1) to the levels which could be ~olerated by the fish with the 

result that bioaccumulation of heavy metals bec~me negligble occuring 

mainly in the fish flesh putting in consideration that the high 

accumulation of heavy metals in the liver is attributed mainly to it:, 

role as reservoir and regulator of heavy metals in the fish (Table2). 

However, growth retardation for Tilapia zillii surviving in such 

treated effluent remains considerable (Table2), which may be attributed 

to the energy lost in ionic regulation of elements and ions present 

in such aquatic environment (Croghan, 1961). 

Table 1: Characteristics of Copper Works effluent as raw and after 

or activated carbon 

Parameters I Raw 

·effluent 
I 

Turbidity ~ 18 
Total solid 461 16.9% 1450 
Suspended " ' 25 12 5n I 10 60/o 
B.O.D . I 60 32 l;.6 • 6/o I 20 66.6/o 

C.O.D 135 70 48.1% 58 57% 

Zn (f,lg/L) 110 50 54% 40 63.6/o 

Cu (f,lg/L) 150 18 88% 14 90% 

Fe (f.lg/L) 512 97 81% 94 81.6% 

Ni (f,lg/L) 80 40 50% 

,/~. 
s6.n 

Pb (f.lg/L) 20 N.D. 

Mn (f,lg/L) 30 N.D. N.D. 

N.D. ~ Not detected. 

Table 2: Feeding activity, Condition of the fish flesh Kf' and 

bioaccumulation of Fe and Cu for Tilapia zillii living 

in the raw and treated effluent of Copper Works factory 

for 5 months 

Water Feeding ~K gutted weightX100 ! Bioaccumulation of Fe and 

quality Cu in ppm. 

(Brown,19 7)(Brown, 1957) Liver Gills Flesh 

activity~ f (Standard length) 3 

Fe Cu Fe !Cu Fe ICu 
Raw 5.4+4.1 1. 96 69.9 83.2 56.811.7.6 15.5,2. 
effluent 

After treat- 11.8+2.9 2.13 38.9 35.1 33.7· 6.6 12 

ment with activated clay 

After treat- 12.4::_2.8 2.24 27.8 26.7 23.9 6.6 12.2 

ment with activated carbon 

Tap water 12.6+2.8 2.40 22.1 21.6 23.8 5. 2 11.6 

( ontrol) 
I 

Literature Cited: 

Brown, M.E. (1957). Experimental studies on growth, from 

Physiology of fishes, Vol. I, Chap. IX. 

Croghan, P.C. (1961). Competition and mechanism of osmotic 
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L-IV27 
DISTRIBUTION OF NUTRIENTS IN THE THE~IKOS GULF, GREECE 

V. SAMANIOOU(l), K. FYTIANOS(l) and G. VASILIKIOTIS( 2 ) 

(1) Environmental Pollution Control Laboratory, University 
of Thessaloniki, Thessaloniki (Greece) 

(2) Laboratory of Analytical Chemistry, University of 
Thessaloniki, Thessaloniki {Greece) 

The distribution of nutrients (phosphate, nitrate, nitrite and am
monium) in watersamples from eleven sampling stations in the Thermai
kos gulf was studied during a period of one year (1985-1086). 

Significant seasonal fluctuations were observed mainly for nitrate 
and nitrite, with maximum during winter and minimum in the summer. 

Surface seawater from the Thermaikos gulf was sampled monthly du
ring a period of one year (1985-1986) using polypropylene sampling 
bottles (1). 

The samples were filtered through 0,4S~m membrane filters. Determi
nations of phosphate, nitrate, nitrite and ammonia were done according 
to the Methods of Seawater Analysis (2) and all the used reagents we
re suprapur (Merck, A. G.). 

RESULTS AND DISCUSSION 

in ~~:a~~~~l v~~~e~v~;y c~~~;~i~;t!~~~i~~ ~~i~~' a~~ 3;~~s~~t~~ ~~d T~~i~N 1 
illustrate the general levels found in the waters of Thermaikos gulf. 

The nutrients values demonstrate the strong eutrophication condi-

go~~ i~:v:i!~~~t!~h;~:!!~~s a~tl ~~~i~fp:fi~~w:;: ~~~f:~l~~eir vi·cini-
From the obtained Elata in this study it becomes clear that during 

the winter high total inorganic nitrogen content was found through the 
studied area and a minimum in the summer. Station 1 where very low 
concentrations of DO were observed, dorr.inated the lower oxidation sta
tes of ~itrogen. The concentration of ammonia was extremely high(16. 75 
~m-a t.l ) and the ·nitrite concentration was nearly five times greater 
than the average. -1 

Significant increase of nitrate (7,40 ~m-at.l ) was observed in 
the estuaries of Axios river. With heavy rainfalls the nutrients and 
especially the nitrate are washed out and discharged into Thermaikos 
gulf from the surrounding agricultural area after fertiliser appl ica
tion. 

Plotting the monthly values of nitrate concentrations for St. 4 (es
tuaries of Axios river) against time, a curve with maxima at the end 
of Winter and during Spring and minima in the summer, is obtained. The 
peak concentrations were probable partially a result of heavy rainfalls 
washing out nitrate. The nitrate concentrations in Stations which are 
located in the gulf of Thessaloniki were about equivalent. No signifi
cant seasonal fluctuations were observed for phosphate concentrations, 
but a possible lowering of ammonium concentrations occured also in the 
summer. 

The concentration of orthophosphate increased with the inset of 
spring and reduced to summer low. 

Also no obvious seasonal fluctuations were observed in nitrite con
centrations-i.e. no winter maximum or summer minimum. Increases in the 
nitrite content of s 1 and s 5 occur owing to the discharges of the se
wages. 

Table 1. Mean concent1ation of nutrients in the Thermaikos gulf 
(in ~g-at.l- ). 

Stations P0 4 -P No;-N NOz-N NH;-N Hinorg/ Pinorg 

sl 2; 38 3.18 0. 20 16.75 8.46 

sz 1. 73 4.93 0.15 6.19 6. 20 

s3 1. 27 4.43 o.os 2. 56 5. 54 

s4 1. 30 7. 40 0.05 2.15 7. 38 

ss 2.40 4. 36 0.10 4.84 3. 8 7 

s6 1. 09 5. OS o.os 2. 24 6.73 

s7 1. 26 3. 08 o.o:: 2. 68 4.61 

ss 1. 73 3. 94 0 .Oi 2.93 4.01 

Sg 1. 26 3.15 0.04 3. 54 5. 34 

s1o 1.16 2. 50 o.os 4.29 5.90 

sll 1. 52 4. 50 0.06 4. 36 5.87 

From the calculated nitrogen to phosphorus rations by atoms (N/P) 
of inorganic concentrations of these components (Table l) it can be 
COJ?-Clude~ that the lowest ratio by atoms was observed at station s

5 (N1nor /Plnor"'3. 8 7) because the excess of phosphorus in relation to ni
trogen near the sewage outfall. The o·cher stations being far from se
wage outfall were poorer in nutrient levels. 

The results showed an increase of the nitrogen to phosphorus ratio 
by atoms with distance from the sewage outfall due th phosphorus dec
rease with distance. 

The surface distributions of nutrients indicate that the gulf of 
Thermaikos can be deveded into two principal regions. The hay of Thes
saloniki characterised by high nutrient concentrations reflecting the 
anthropogenic influence,- and the gulf of Thessaloniki where lower con
centrations of nutrients were observed, close to those found in lite
rature for slightly polluted areas (3). 

REFERENCES 
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THE EFFECT OF LAND BASED POLLUTION SOORCES ON THE CHEMISTRY OF MEX J3Ay WATER 

Saad D. WAHBY and Saad M. EL-GOHARY 

Institute of Oceanography and Fisheries, Alexandria (Egypt) 

Summary : Emum drain discharges an average of 6 x 106 m3 of water 

per day into Mex Bay. This is an agricultural deainage water, in addition 

several big factories discharge their waste water into the bay. This 

discharged water has a marked effecton the chemistry of Mex bay water, 

which can be summeris as follows:-

1. Water .:;alinity is lower than pure sea water. 

2. Oxygen percentage saturation is below normal. 

3. The oxidizable organic matter is higher than that of sea water off 

Alexandria. 

4. Ammonia is much higher than pure sea water. 

5. Nitrogenous fertilizers carried by Emun drain water increased the 

nitrite & nitrate content of Mex bay water. 

6. Reactive phosphate is higher in concentration than that found in 

uncontaminated sea water. 

7. High concentration of hydrogen sulphide is met with. 

8. The sulphate chlorinity ratio and the bromide chlorinity ratio is lower 

than normal. 

9. The calcium chlorinity ratio is lower than that for pure sea water; 

also the Magnesium chlorinity ratio. 

10. Total iron content is high in Mex bay water, due to the discharge 

of waste water from factories producing ferrichloride; All these changes 

in the water chemistry of Mex bay water has important impacts on the 

'ertility of the area. 
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L-VI 
THE ENVIROOENTAL CAPACITY APPROACH TO THE CONTROL 

OF MARINE POLLUTION FR0'-1 LAND-BASED SOURCES 

Velimir PRAVDIC and Mladen JURACIC 

Center for Marine Research, Rudjer Boskovic Institute, 
Zagreb, Croatia (Yugoslavia) 

The strategy based on Environmental (assimilative, receiving, absorptive) Capacity ( l, 
2) of the marine environment to deal with contaminants is being suggested for use in a 
sensitive region of the Yugoslav eastern Adriatic, the Krka River estuary. The region com
prises a national park, tourist and resort areas, a town of 30,000 inhabitants with alumina 
and aluminum industries and port facilities, and areas intended for mariculture, recreational 
boating and fishing. Each single development would possibly conform to such environmental 
managment principles as uniform emission standards, best available technology, or best 
practical means available. However, the concentrated development, and land and sea use 
competition, calls for more comprensive pollution abatement managment strategies. 

The example is based on the description of the application of results of research 
and monitoring activities In the last 5 years (3,4,5). The estuarine region has been subdi
vided into 5 subareas, of which this example deals with the Prokljan Lake (Fig. l, subarea 
2), a particularly sensitive area, ideal for mariculture but under strong development pres
sure from the tourist industry, particularly boating and mooring. 

The essence of the exercise to estimate the Environmental capacity of the Lake in
cluded the following steps: (a") geographical description of the area; (b) identification of 
the critical target - salmonides in this case; (c) identification and analysis of the critical 
contaminant-Cu in this case; (d) setting and acceptance of standards of water quality; 

: w .. :w1 
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Fig. I. (left): Map of the area. Numbers indicate subareas. 
Fig. 2. (right) : Mass balance and transport model for Cu in the Prokljan Lake. 

(d) setting of a mass-balance model for the critical contaminant; and (f) decision making. 
The follow-up will consist of monitoring and reassessment procedures. The mass balance 
model is shown in Fig. 2. It is based on the hydrodynamic transport and sedimentation as 
modes of contaminant transport. It neglects at the present level retention and elimination 
of the contaminant by biological activity, such as plankton blooms or algal growth. Also, 
in accepting the maximum allowable concentration of Cu at 0.01 mg/dm' no additive or 
synergistic effects with other contaminants were considered. Interaction with organics was 
considered only as increasing the mean residence time of Cu in the lake. 

The calculation of the capacity is based on the water quality standard for the lower, 
saline compartment, which receives its contaminant load through sedimentation of suspended 
matter. Sediments (30 m' /g; lO meq/100 g exchange capacity; 40% porosity; l ,6 kg/dm' 
density) at 0.065 mg Cu/g are the ultimate sink for Cu retained in the Lake. On the basis 
of this simple model and target choice made, the environmental capacity is estimated at 
5 kg Cu/day. A managment decision Is suggested, that contaminating activities, such as 
boat mooring and sewage disposal, be limited to 20% of stated capacity, that is l kg Cu/ 
day. To translate this figure into operational decision, data are required on the concentra
tion of Cu in urban and industrial sewage and the leach rates of Cu from surfaces of boat 
bottoms covered with Cu containing antifouling paints. 

Monitoring of present activities, of water quality, and of biota will indicate level of 
precision and the need for reassessment procedures involving both target and contaminant. 
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TRANSFER OF HEAVY METALS BY SUSPENDED MATTER 

IN THE I<RKA RIVER EsTUARY, YUGOSLAVIA 
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This paper describes research in the Krka River estuary in the Yugoslav Eastern Adriatic. 
It is a region of exceptional natural value, but also one under strong development pres
sure. Research reported here is part of a modelling exercise, intended to develop environ
mental managment strategies, particularly with respect to pollution from land-based 
sources. 

The role of suspended matter as a major transfer agent in transport of heavy metals 
from river to the sea has been recognized long ago (1,2). There is conflicting evidence 
in literature on the processes occuring in the estuary. Data reported indicate the transfer 
of trace metals either from particulates to solution, or from solution into particulates (3). 

Suspended matter samples were collected by filtering large volumes of water from the 
surface layer in the fresh water '(lsovac Lake and the brackish water Prokljan Lake (Fig. 
1). 

Figure I. The investigated area: the Krka River Estuary. 

X-ray diffraction analysis has shown the prevalence of calcite, over quartz and dolomite, 
and traces of montmorillonite and some manganese mineral, probably manganite (Mn2D 3 x 
H 0) In the suspended matter of the Visovac Lake. In the suspended matter of the Pr6kljan 
L~e quartz is the most abundant mineral, with minor quantities of feldspar, calcite, illite, 
montmorillonite, and kaolinite. Also, amorphous, prevalently organic phase is much more 
abundant in the suspended matter of the Prokljan, than of the Vlsovac Lake. 

Different mineral composition of the two suspended matter samples Indicates that the 
source of Prakljan Lake suspended matter is not the main water supplier, the Krka River, 
but the Gudu~a Creek, which drains an area where flysch marls and sands are dominant 
(4,6). 

We report here data (cf. Table I) on heavy metal concentrations, obtained by 
emission spectroscopy analysis, in suspended matter from the Krka River estuary and com
pare them with concentrations in sediments and in water in the same area (4,5). 

Table l Heavy metal concentrations ln suspended matter and sediments {;ug/g) and ln 
water (ng/dm') in various parts of the Krka River estuary 

Sample Ni Zn Pb Cu Mn Cr Reference 

Suspended matter* this work 
Visovac !50 210 92 180 2500 210 
Prokljan 130 230 145 120 2300 130 

Surface sediments (4) 
Visovac 42 72 67 95 70 30 
Gudu~a Creek 100 38 18 2 500 200 
Gudu~a mouth 72 50 33 33 900 105 
Prokljan 40 50 30 42 800 37 
Prokljan exit 52 35 70 65 1200 60 

Estuarine water 650- !50- 98- (5) 
range -1560 -440 -415 

The review of data shows that suspended matter samples have higher concentrations of 
heavy metals than the surface sediments. Nickel and chromium have naturally elevated con
centrations (4), originating from basic and ultrabasic ert~ptives. High manganese concentra
tion can be attributed to bauxites, since several mines exist in the drainage area. Zinc, 
lead and copper have moderatly elevated concentrations, as a consequence of antrhoprogenic 
input. Very low concentrations found in water (background levels) indicate that most of 
the trace metals reach the estuary bound to the suspended matter. We assume that a large 
part of these metals is associated with the organic fraction, and thus subjected to cycling 
in the estuary. Lead and copper were found to accumulate in surface sediments of the 
Prokljan Lake, in spite of their higher concentrations in suspended matter (4). 
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SEWAGE TREATMENT AND DISPOSAL 

- CONSTRAINTS AND OPPORTUNITIES, SARONIKOS GULF 

N. FRILIGOS 

National Centre for Marine Research, Hellinikon (Greece) 

"he variation of nutrient concentrations and ph,fsical char·acte-

ri sties were studied in the vicinity of the Athens sewage outfall 

dc~ring 197'+-1176 and 1_:32. en conclusion;, in areas such as the .Saro-

nikos Julf,where the surrol.!nding waters are naturally unprodl.!ctive 

and where the bottom shoals rapidly,primar,f treatment may be prefe-

rable to secondary treat:nent. rn such unproductive areas, the adverse 

effect o~ sewage discharge into the sea on the phytoplankton comml.!-

nity apparently can be made insignificant if the outfall is properly 

designed.Eighlights from these results are as follows: 

Primary treatment is essential.The separation of domestic wastes 

from industrial effluents should be done to make possi l)la biological 

treat:nent. 

F!i.g. 1. Location of stations in the Saronikos Gulf. 

Partial biological treatment is a desirable step before committing 

to full biological treatment. 

rhe removal of nl.!trient is the only way to improve far-field water 

clarity but to the detriment of fisheries. rhat of nitrogen would be 

very costly and is not usL!al for major sea discharges. 

A 2C·OO m long outfall diffuser at a depth of 60 m or more between 

3tations A and B is needed for either primary or secondary effluent 

to take advantages of stratification. 

Provided that the concentration of toxic materials in the sludge 

is limited to safe levols,we are of the opinion that the ad:iition of 

sludge to the open sea shol.!ld be beneficial to fish production. 
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L-V4 
TRANSFER MECHANISMS AND NUTRIENT ENRICI-MENT 

IN THE NoRT!-MESTERN AEGEAN SEA : THERMAIKOS GuLF 

E.Th. BALOPOULOS and N.Ch. FRILIGOS 

National Centre for Marine Research, Hellinikon (Greece) 

ABSTRACT 
Seasonal water property distributions and a combination of Lagrangian and Eulerian 

current data are used to investigate water circulation patterns, and associated 
transfer mechanisms of pollutants, in the northwestern Aegean Sea (I'hermaikos Gulf) . 
Nutrient concentrations within the various water masses of the study area are presen
ted and comparisons are made with nutrient concentrations in other coastal waters of 
the Aegean Sea, to assess the extent of eutrophication in Thermaikos Gulf. 

INTRODUCTION 
Thermaikos Gulf is a shallow water embayment in the northwestern Aegean Sea 

(Fig. 1); it has been contaminated, within the recent years, by a variety of pollu
tants, such as sewage and industrial effluents. Several oceanographic investigations, 
designed to assist the optimal construction of sewage out falls, were carried out 
here, during the last ten years (1 ,2,3,4,5). 

METHODS 
Water temperature and salinity data from selected depths, were obtained using con

ventional instrumentation. Current measurements were made using self-recording cur
rent meters (Aanderaa RCM4), cruciform drogues and plastic driftcards; the applied 
methodology and the devices used have been described elsewhere (1). Nutrient analyses 
~<~ere made using a Technicon Autoanalyzer. The methods adopted are those described by 
Friligos (7) . The results were computed according to Satsmadj is ( 11) . 

RESULTS 
Horizontal water movements are dominated by the wind and the flow of freshwater in

put ~~~~~t~r circulation is counterclockwise, with Aegean Sea ,------
1 

Fig.2 

Fig. 1 

water entering along the eastern coastline; this is mixed with the fresh water dis
charged by the rivers to form a freshwater mixture, which flows out along the western 
coast (Fig. 2). In winter there is a dominant surface water transport towards the Ae
gean Sea. In summer frequently appears a surface water flow from the eastern part of 
Thermaikos Bay towards the innermost region of the embayment. Upper layer currents 
are generally weak ( 20 em s ) and in the western part of Thermaikos Bay are domina
ted by the flow of the river discharge. In the channel between the two embayments up
per layer currents are controlled by the wind and the coastline configuration and are 
quas1-parallel to the coastline. Mid-depth and near bed currents appear to be the 

Table 1. Ratio of total nutnt>nt p.pr Area to backsround nutrtN•ts 
---------------------------------------------------------------------------

Ehfs.is Billy S.ll 4.15 15.80 f'rlltgos, 
Western Sarontkos Bay 2.Z~ 2.9~ 2.50 1.11 6.39 f'nltsc.s, 
JnnerSaronilt.osBay 2.50 1.39 4.10 1.55 2.60 3.97 Fr1l:g<os, 
Nonh Eubotkos. GuH 2.87 13.20 L66 o. ~s 10.20 5.27 rn 11 '3(·~, 
Ki~!valaGulf 1.90 1.~9 1.00 0.51 1.41 1.10 Frillgos, 
Al•xa!'ld1'oupo1Js Gulf 1.32 3.28 1.00 0.65 6.21 3.27 rrlll<JCI<;, 
South(uboikosgulf 1.46 1.41 0.65 0.48 1.17 0.86 l="rdlgos, 

~~::::~;~~:~ ~~i~ 
1.02 2.80 2.60 1.25 2.36 2.28 
5.33 3,35 4.58 3.83 3.98 4.14 

~•s.tern Thf'1'maJkos. Bay 2.09 3.81 2.91 2.40 3.80 3.22 
(astnn Tht'Tmaikos Bay 1.18 2.21 1.97 1.53 2.20 2.00 

--------------------------------------------------------

Fig. 3 

response of the embayment waters to long-term meteorological conditions with cycles 
of 3 to 10 days. 

Comparison of nutrient levels in Thermaikos Gulf and in other coastal waters of the 
Aegean Sea (Fig.3) is shown in T~ble 1. In Thessaloniki Bay are observed the highest 
values of phosphate, as well as mcreased values of ammonium· the latter are similar 
to th?se seen in Inner Saronikos Gulf. The northwestern part' of Thermaikos Bay, Thes
salonlh Bay and Alexandroupolis Gulf contained three times as ·inuch silicate as back
ground, owing to the_contribution of rivers. Eastern Thermaikos Bay, Pagassitikos 
Gulf, and South Eub01kos Gulf have only greater concentrations of nutrients than tho
se of_t~e Aegean Sea. North Euboikos Gulf presents a great accumulation of nitrate 
and Slllcate,. due mostly to the great depths and to underwater springs. All nutrients 
are !?resent, 1n all_areas, at levels well above background. The quality of the 
n;:ce1v1~g waters, w1th respect to nutrients, is a function of the different sources 
0> nutnents, as well as the morphology of the area and the circulation of waters. 
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MECHANISMS OF PRODUCTION AND FATE ON ORGANIC PHOSPf-KJRUS 

IN THE NoRTHERN ADRIATIC SEA 

Ingrid IVANCIC and Danilo DEGOBBIS 

Ruder Boskovic Institute, Center for Marine Research, Rovinj (Yugoslavia) 

ABSTRACT 

Organic phosphorus, nutrients, primary production rate:; ( 14cJ, chlorophyll ~ 
standing crops, and basic oceanographic parameters were measured in the open waters 
of the northern Adriatic Sea. Relationships between organic phosphorus and other 
parameters were studied and some mechanisms of organic phosphorus production and 
consumption within the water colwnn of the region were described. 

RESUME 

Le phosphorus organique, les sels nutritifs, la productioN primaire, la chloro
phylle a et les parametres ocEfanographique ant ete mesures dans les eaux internatio
nales de la Mer Adriatique septentrionalle. L'etude des relations parmi le phospho
rus organique et les autres parametres a mis en evidence les principaux proces par 
lesquels le phosphorus organique ttait produite et consomme dans la colonne d'eaux 
de la region. 

INTRODUCTION 

The northern Adriatic, which receives the discharge of the Po River (1500 m3 /s), 
is one of the most productive areas in the Mediterranean, even if the concentration 
of dissolved orthophosphate is very low. It was observed that the organic phospho
rus concentration in the region generally exceeded orthophosphate concentrations. 
So, in order to establish, initially qualitatively, the role of the organic phospho
rus fraction in the biological cycle of the northern Adriatic Sea, the seasonal 
changes of organic phosphorus were studied in correlation with several parameters 
which characterize phytoplankton activity, organic matter decomposition and fresh
water discharge influence . 

MATERIAL AND METIJODS 

From 1980 to 1984 23 cruises were performed at six stations in the central part 
of the northern Adriatic Sea. Standard oceanographic parameters, nutrients, chloro
phyll ~ and phaeophytin ~were determined aboard the research vesset immediately 
after sampling, using methods recommended by Strickland and ~ijrsons . The samples 

f~~ e~!~)r~~r~~~~~;~n i~e~~~i~!~~~~a~~~=. in~~;~~ ;;~~p~!us c~~t=~~~~r:: ~~;~t 
carried out in unfilt2red water after UV irradiation of the samples by the method of 
Armstrong and Tibbits . 

RESULTS AND DISCUSSION 

The data were analyzed by means of linear regression and three periods, charac
terized by different ranges and specific relationships between the organic phospho
rus concentration and other parameters, were identified: 

(a) The late winter-early spring period, when the relatively large variations of 
organic phosphorus concentration (0.0-0.6 1umol!l) in the surface layer were 
significantly correlated with primary prodUction, chlorophyll a and oxygen 
saturation. These results suggest that organic phosphorus was-mainly produced 
during the phytoplankton bloom. In this period a significant inverse correla
tion with surface salinity was also found. However, it can be expected that 
mainly orthophosphate is contributed by freshwater discharges to the open 
waters, from which organic phosphorus can be biologically produced during pri
mary production, leading in this way to an apparent relationship with salinity. 

(b) The summer period, when organic phosphorus concentrations were higher than in 
the precedent period, but Here not related to the low and quite constant values 
of primary production and chlorophyll a. The correlation with oxygen satura
tion was not significant. In summer t~e microzooplankton biomass increased 
significantly in respect to the winter . This probably caused an increase of 

~~: ~~:ni~v~~~~p~~r~~e c~~~~~~~a~!~~r (~~c~~~~ 1 r~~~;~~~~e~h~~~ ~~~~~~~t~~~ia-
tic and other parts of the Adriatic, typical for spring and summer seasons. 

(c) The late summer-early winter period, when the organic phosphorus concentrations 
was the lowest (0.0-0.3 umol/1) and did not correlate Hith the other parame
ters. Then, orthophosph~te accumulation was observed, particularly in the bot-

~~~a~~~~r p~~~e:~e~ ·~t~~l~~;~ea:~s ff~~~~:e r:~: :s~h!i~:!io~~e ~t:~~!~~~=ly, 
no direct relationship between dissolved oxygen and organic phosphorus was 
found, while the inverse correlation with orthophosphate Has highly significant. 

In the bottom layer correlations between organic phosphorus and parameters cha
racterizing phytoplankton activity were not significant in all periods. The main 
process which controls the concentrations of organic phosphorus in this layer was 
probably sedimentation of organic detritus from the surface layer. In fact, the 
seasonal changes of organic phosphorus concentrations were similar in both layers. 
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L-V6 
DETERMINATION OF SOURCES OF ORGANIC MATTER IN THE NEAR-SHORE MARINE ENVIROfiMENT 

(GulF OF TRIESTE, NoRTHERN ADRIATIC) USII\G THE ELEMENTAL CCWOSITION 

OF (, NAND p, AND THE ISOTOPIC C (CWOSITION ~ 

J. FAGANELI(l), A. MALEJ(l) and J. PEZDIC( 2) 

( 1) Marine Research Center, Piran (Yugoslavia) 
(2) Jozef Stefan Institute, Ljubljana (Yugoslavia) 

Measurements of stable C isotopes was shown to be useful tool for studying the 

organic C flow in marine and fresh-water environments and especially in marine 

food webs. By measuring the elemental composition of C, N, P and the isotopic 

composition of C of organic matter in the Gulf of Trieste during 1980-85 we planned 

to elucidate the sources of organic matter and to trace the organic matter flow in 

this marine environment. Our primary objectives were to: ( 1) measure the 

elemental composition of C, N, P and the isotopic carbon composition in various 

classes of coastal organic material -sewage effluent, benthic (Fucus virsoides, 

Ulva rigida) and pelagic (Gyrodinium sp. bloom) autotrophic sources, particulate 

organic matter ( POM), net-zooplankton, the jellyfish Pelagia noctiluca, and surface 

marine sediments; (2) assess the importance of autochtonous and allochtonous 

organic matter in organic matter cycling in the marine environment of the Gulf of 

Trieste and ( 3), establish the degree of 

trophic levels in the Gulf. 

13c enrichment occurring in various 

Our results show a clear shift from higher C:N and C:P ratios of benthic algae, 

towards lower values of POM and still lower ones for net-zooplankton and sewage 

organic matter. Thus, considering both C: N and C: P ratios,, distinct differences 

exist between the different classes of organic matter in the Gulf. 

Considering our mean sediment C: N ratio of 11.2 it would appear that the surface 

sediment is somewhat affected by land derived organic matter, although the plot of 

C :N vs. C: P ratios indicate that the sediment organic matter may be also derived 

from marine POM and benthic algae. Thus, the C:N and C:P ratios alone cannot 

provide a definitive answer to the question of the origin of organic matter in the 

near-shore marine environment of the Gulf of Trieste, especially with respect to 

terrigenous sources. 

Stable C isotope values ot benthic autotrophs were distinctly different ( -17.04 :!: 

0.96 °/oo, n ~ 33) from the examined phytoplankton species (-21.6 °/oo), while 

POM was more 
13c depleted (-23.0: 1.83 °/oo, n ~ 5). J 13c values of net

zooplankton (-19.89:!: 2.25 °/oo, n ~ 5) and Pelagia noctiluca (-18.51 ± 1.12 °/oo, 

n ~ 4), as their consumers, tended to be 
13c enriched relative to food resources. 

Since the animals J 13c value reflect the 0 13c of food-carbon sources one can 

expect more negative d 13c values in animals feeding on organic matter of 

terrigenous or sewage origin. Our results for net-zooplankton and Pelagia noctiluca, 

were in the range of 
13c enriched offshore animals, indicating only minor 

incorporation of allochtonous (terrigenous and sewage) C by these animals. 

Stable C isotope values of sewage were the most 
13c depleted. The intermediate and 

narrow ranging isotopic values of surface sediments (-20.7 ~ 0.5 °/oo, n ~ 4) 

indicate integration of J 13c composition from diverse resources, of which sewage 

organic matter, treated and untreated ( -24.5 ° /oo) and other riverine POM, and 

c
3 

terrestrial plants seem to be of lesser importance. If we apply the two source 

mixing model to surface sediments in the Gulf of Trieste where an intermediate value 

(-20.7 °/oo) was found, a simple 50:50 mixture of materials from POM (-23 °/oo) 

and benthic algae (-17 °/oo) could be presumed. A J13c value close to -20 °/oo 

could also be expected from the flux of zooplankton faecal pellets, since it has been 

shown that heavier isotopes were preferentially retained in the particulate fraction-

cope pods and feces. Our results thus indicate that the sources of food net-zooplankton 

were primarily phytoplankton rather than 
13c depleted detritus of terrestrial 

sewage origin, although omnivorous feeding of neritic and estuarine cope pods is well 

known. 

C :N and C :P ratios and also isotopic C analysis of near-shore organic material 

alone cannot deffinitively clarify the source of organic matter and organic matter 

cycling in the marine environment in the Gulf of Trieste. It seems that a promising 

approach to better characterization of the sources and cycling of organic matter is 

the combination of isotopic C analysis with C:N and C:P ratios. Our resultsthus 

indicate that the organic matter in the near-shore area in the Gulf of Trieste is 

almost completely marine, produced in situ by phytoplankton and benthic algae. 

'f This study was partially supported by IOC grant YU::i 25 

L-VII 
SOURCES, I'KJDE OF TRANSPORTATION AND BEHAVIOUR OF HEAVY METALS 

IN TWO SEMI-ENCLOSED B4YS OF lTHAKI ISLAND, GREECE, 

THE ROLE OF DISSOLVED OXYGEN IN THE ACCUMULATION OF THE METALS 

S.P. VARNAVAS(l), A.G. PANAGOS( 2), G. LAIOs( 2) and S. ALEXANDROPOULOU(l) 

{1) Department of Geology, University of Patras, Patras (Greece) 
(2} Department of Geology, National Technical University, Athens (Greece) 

Surface sediments from Vathi and Aetos bays have been analysed in bulk for Al, Pb, 
Cr, Co, Ni, Cu, Zn, Mn, Fe, using X-ray fluorescence techniques, CaC0 3 , was determined 
using acetic acid leach and organic carbon by titrations (method K2 Cr2 o

7
-Fe(NH

4
) 2 (S0

4
);, 

6.H2 0. Also, dissolved oxygen in surface and bottom waters has been measured using a 
Consort Z 800 portable digital oxygenmeter. 

RESULTS AND DISCUSSION 
Heavy metals. 

Most of the metals analysed, are generally enriched relative to normal shallow wa
ter sediments, their degree of enrichment being decreased in the following order Cr> 
Pb>Ni>Zn>Co. 

Chromium varies between 117 and 383 ppm. Its highest <.,:mcentrations are found in 
the Aetos bay and the mouth of Vathi bay and they decrease steadily towards its inner 
part. 

There is a negative correlation between chromium and organic carbon as well as bet
ween chromium and aluminium, suggesting the association of chromium with other than 
organic and the clay fraction of the sediments. The maximum values of chromium found 
in the Aetos bay are much higher than those reported for the Peraeus harbour, the Ele
fsis and Patraicos bays. 

Lead varies between 22 and 106 ppm, its highest values being found in the inner 
part of the Vathi bay (Fig.l) at the outfall of an olive oil factory. The concentra
tion of lead decrease steadily towards the mouth of the bay. There is a strong posi
tive correlation between lead and organic carbon as well as between lead and aluminium 
suggesting the association of lead with the organic and clay fraction of the sediments. 
A number of stations from the mouth of Vathi and Aetos bays are characterized by lo
wer Pb/Al ratios compared with the rest of sediments. A strong negative correlation 
exists between lead and chromium suggesting the incorporation of the two elements in 
different sediment fractions. 

The degree of enrichment for lead in the Vathi bay is much greater than that repor
ted for Patraicos, Kalamata and Navarino bays. 

Nickel varies between 102 and 150 ppm, its highest concentrations being found in 
the Aetos bay, while in the Vathi bay nickel decreases towards its inner part. Howe
ver, the lowest concentrations of nickel are found outside the Vat hi bay. A weak posi
tive correlation exists between nickel and aluminium and nickel and organic carbon, 
showing a small contribution of these fractions to the total concentrations of nickel. 
In addition, there is a moderate negative correlation between nickel and chromium 
showing that nickel is associated with other than the chromium bearing fraction. The 
highest nickel value found in the Aetos bay is comparable with those reported from 
Thermaicos, Patraicos, Kalamata and Navarino bays. 

The maximum value of zinc (359ppm), is found in the inner part of the Vathi bay at 
the oufall of the olive oil factory (Fig.2) ; elevated values are also found at a num
ber of near,-shore stations in the Vathi and Aetos bays. Zinc behaves differently in 
the two bays studied. In the Vathi bay, it correlates positively with the organic car
bon, showing the contribution of the organic fraction to the total amount of zinc. By 
contrast, in the Aetos bay, a negative correlation between zinc and organic carbon 
exists, showing the association of zinc with other than the organic constituents. The 
maximum value of zinc found in the Vathi bay is similar to those reported for the 
Patraicos, Kalamata and Navarino bay sediments. 

Organic carbon 
In the Vat hi bay, the sediments are highly enriched in organic carbon, the greater 

enrichment (5.14 %) being observed in the inner part of the bay at the outfall of the 
olive oil factory. Generally, the organic carbon decreases steadily towards the outer 
parts of the bay. 

In the Aetos bay, organic carbon is generally below l%. 

Dissolved oxygen 
It is observed that dissolved oxygen decreases in both surface and bottom waters 

towards the inner part of the bay where it reaches its minimum value (5 mg/1). At this 
zone, no significant variations irr dissolved oxygen between the surface and bottom 
waters occur. 

There is a negative correlation between dissolved oxygen in the waters and the con
centrations of lead in the sediments. This may be a reflection of the following proces
ses : 

i) Lead may be transported to the bay being held in the organic fraction of the se
diment (anthropogenic or natural), and/or 

ii) Anoxic conditions may favour the precipitation of lead. 
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L-VI2 
ON THE MOBILIZATION OF JRQ'l, f~ANESE AND (OPPER IN lAKE r16.RYUT ECOSYSTEM 

Ramzy B. NESSIM and Atef A. MOUSSA 

Institute of Oceanography and Fisheries, Kayet Bey, Alexandria (Egypt) 

Lake Maryut is a contaminated lagoon of the Nile Delta. It is
6 

very shallow having 120 em water depth and receives 107 - 277 x 10 

m3 y-1 waste waters from industrial, domestic, and agricultural sour

ces. Contaminated lake water is continuously pumped into the neighbo

ring Mediterranean environment. 

Iron, manganese, and copper were studied in the different phases 
of the ecosystem in order to understand some of the processes concer

ning their mobilization. For further explanation, the pH, dissolved 
oxygen, organic matter, and ammonia concentrations were also studied. 

The reso.1lts showed that the pH of surface and bottom waters is 

neutral to slghtly alkaline (7 .2 - 8.4), and that of sediments-is 

slightly acidic to neutral (6. 7 - 7). 

The dissolved oxygen concentration is low being depleted in bot

tom water (0.0 - 1.2 mg I 1}, where, at two localities sulfidic cond

i tiona were developed. 

The water and pore water are enriched by ammonia (66 - 270 og at/1) 

and organic matter. The content or sedimentary organic materials is 

also considerable ( 12 - 25 %) • 

The mean concentration values of Fe, Mn, and Cu in surface water 

are 89, 1.3 & 2.1 ; in bottom water are 100, 5.7 & 1.5 ; and in pore 
water are 119, 1.4 & 8.3 yg I 1 respectively. In sediments the element 

concentrations become 1.6-% Fe, 0.53 % Mn, and 0.50 % Cu. 

Iron and manganese concentrations in surface water show a sudden 

drop oft the dumpsite immediately comparing to their. initial contents 
in the waste waters, where, their values drop from 1500 'Ug I 1 Fe and 

340 Vg I 1 Mn to 280 ug/1 and 1.4 yg/1, respectively. However copper 
does not show the same behaviour, its concentration is 2.8 ug/1 in 

waste water and 2.3 ug/1 in the Aearby lake water. This may indicate 

that the lake climate may drive iron and manganese to the eclid phase 

and copper to the dissolved phase. Such behaviour can be eXplained by 

the formation or iron and manganese hydroxides in this pH range and 
their consequent polymerization and sinking to the bottom (Stumm and 
Morgan, 1981), whil.e, copper tend to form dissolved complexes with NH3 
or to form dissolved CuC0

3
• 

In the bottom layer of water showing partial anoxia .the Fe and Mn 

concentrations increase, while, the Cu concentration decrease. This is 

explained by mobilization of sedimentary iron and manganese through 
their transformation to higher valent oxides which can adsorb copper 

and consequently remove it from the bottom layer (Sigg et al, 1984). 

Iron concentration in pore water is similar to that in bottom 

water. Manganese and copper behave differently. In comparison w1 th 

their concentrations in bottom water, manganese is lowered and copper 

increased. This behavior is related to their geochemical properties 

when manganese tends to coordinate with 0 groups and copper tends 
form sulfi.des (Stumm and Morgan, 1981). Moreover, copper may catalali
zes manganese mobilization. 

In sediments the iron concentration is relatively low and more or 
less homogeneously distributed. On the other side, manganese and copper 

concentrations are high being almost doubled at the two reduced local

ities, indicating their mobilization towards the solid phase. The 

mechanism suggested by Forstner and Wittmann ( 1981} that aminoacida 

having a pH-dependent amphoteric character can adsorb or desorb cations 

may be responsible for that. Thus, such increased concentrations are 
subjecting to changes 

The net results indicate that the basin is considerably contam
inated by manganese and copper and may impact the neighboring Medit
erranean waters. 
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BA.CTERIAL CQYMUN lTV STRUCTURE AS A MEASURE 

OF POLLUTION IN COASTAL WATERS OF ISRAEL 
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Research, Tel Shikmona, P. 0. B. 8030, 
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The present study was designed to investigate ef'fects of industrial and 

domestic pollution on the biomass) activity and structure of microbial communities 

in the coastal waters of Israel. ~!icrobial analyses were performed on water 

samples taken periodically at the following four sites: (1) a domestic sewage 

outfall near the city of Akko; (2) near the chemical factory Frutarom in Haifa 

Bay; (J) control station, about six miles offshore from Tel-Shikmona, Haifa; (4) 

coal unloading dock, Hadera coal operated power station. Biomass of micro-

organisms was determined by direct count using epifluorescence microscopy, colony 

forming units on MA and PCA plates and by ATP determination. Th~ average values 

for direct count were 3.35 x 10
6

, 1.08 x 10
6

, 2.8 x 10
5 

and 5.05 x 10
5 

in surface 

waters of sites 1, 2, 3 and 4, respectively. Average ATP concentrations were: 

0.417, 0.45l:l, 0.050 and 0.104 11g 1-1 at sites 1, 2, 3 and 4, respectively. 

Heterotrophic activity of microorganisms determined by the uptake and 

respiration of 14c-labelled amino acids was also found to be higher by more than 

10 times in the two polluted sites compared with the control site. The average 

uptake rates of amino acids by the bacterial populations at sites 1, 2 and 3 were 

2.817, 2.500 and 0.064 11g 1-1 h-1 , respectively. At the coal power station site, 

heterotrophic activity was found to be about four times higher than that of the 

control site in the first phase of operation of the unloading of coal in the sea 

(0. 265 llg 1-1 h -
1
), whereas after about two years of operation the heterotrophic 

activity increased to a level of an order of magnitude higher than that of the 

control site (0. 741 11g 1-1 h-1 ). At station 5, where domestic sewage was dumped 

until three weeks prior to sampling, heterotrophic activity was very low, falling 

within the range measured at the control station. Total coliforms in surface 

waters at sites 1, 2, 3 and 4 were (per 100 ml) 514, 9, 1.3 and 2.6, respectively. 

In 14 cruises, 928 strains were isolated for numerical taxonomy analysis. The 

isolates were characterized by 69 morphological, physiological and biochemical 

characters. By using TAXAN 6 program,clusters were obtained, and succession of 

the microbial community at the four different sites was demonstrated. Hetero-

trophic activity measurements were both sensitive and reliable. Also, the results 

of such measurements could be obtained within 24 hours after sampling. Results of 

ATP analyses correlated well with data on heterotrophic activity. 
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L-VI4 
LA QUALITE DES EAUX MARINES CC>TIERES !TALIENNES 

DESTINEES A LA BAIGNADE (1980-1985) 
Lorenzo VILLA 0 et Umberto VESCOVI" 0 

o Ministero della Marina Mercantile, Ispettorato 
Centrale per la Difesa del Mar, Roma ( Italia) 

o o Ministero della Sani ta, Direzione Generale 
Servizi Igiene Pubblica, Roma {Italia) 

Sont analysees les donnees relatives aux eaux marines cOtieres d' une 

zone-echantillon correspondant aux provinces de Gines, Latina, Caserta, Cosenza, Leece 

Ancone, Pesaro, Ferrara, Forli, Ravenne, Venise, Udine, Trieste et Palerme, avec un 

total de 1 284 km de cotes, a savoir environ 18 % du developpement cotier italien. 

Les donnees examinees concernent la periode 1980-1985. Jusqu' en 1983, 

les releves ont ete effectues sur la base de la reglementation de 1971 qui, dans le 

cadre de 1' appreciation de la qualite des eaux cotieres destinees a la baignade, pre

nait en consideration seulement le parametre "coliformes fecaux". A partir de 1984, 

les releves ont ete effectues sur la bas~ du DPR/82 qui, au recu de la Directive CEE 

76/160, a introduit, toujours dans le cadre de !'appreciation de la qualite des eaux 

de baignade, les parametres suivants : coliformes totaux, streptocoques fecaux, sal

monelles, pH, coloration, transparence, huiles minerales, substances tensioactives, 

phenol et oxygene. dissout. 

Apres une augmentation entre 1980 et 1983, le nombre des echantillons 

utilisables pour les differentes annees presente une diminution sensible en 1984 (due 

notamment a 1' elimination des echantillons hivernaux, aux termes du DPR 470/82 entre 

en vigueur en 1984) suivie d'une nette augmentation en 1985. 

L' analyses des donnees, grace a 1' evaluation sur la base de la regie

mentation de 1971, met en evidence une amelioration constante de la qualite microbio

logique des eaux marines destinees a la baignade entre 1980 et 1985 (le pourcentage 

d'echantillons utilisables passe de 65,6 en 1980 a 73,5 en 1981, a 74,3 en 1982, a 
80,0 en 1983, a 81,7 en 1984 eta 84,0 en 1985). 

Si 1' on analyse les donnees sur la base du DPR 470/82 en vigueur a 
l'heure actuelle, on note un net accroissement du pourcentage d'echantillons favora

bles entre 1984 (72,5 %) et 1985 (79,5 %) , cette derniere valeur se rapprochant beau

coup de celle relative a 1983 (80,0 %) calculee, bien entendu, sur la base de la re

glementation moins restrictive de 1971. 

Ainsi, 1' examen des donnees montre que, bien que 1' application du DPR 

470/82, aux termes de la Directive CEE 76/160, comporte 1' adoption d'un critere plus 

severe dans la formulation d' un jugement d 'appreciation sur la qualite des eaux de 

baignade, la realisation d'interventions en vue de la protection de la qualite des 

eaux cotieres, associee au controle intensif des eaux de baignade ' a abouti a une 

amelioration progressive de la qualite des dites eaux. 

L-VIs 
STUDY ON THE TOXICITY OF S0'1E FINAL INDUSTRIAL WASTE WATER ON ALGAL GROWTH 

Ramses Reyad ABDALLA 

Institute of Oceanography and Fisheries, Alexandria (Egypt) 

INTRODUCTION 

Abu Kir Bay is one of the most productive fishery grounds in Egypt. Recently 
it received a considerable quantity of different industrial wastes. The present 
study deals with the potential hazard of liquid wastes discharged by El Soeuf textile 
factory and urea fertilizer factory on the growth of some algal species. The first 
plant discharge alDut 4000 m /day waste water .indirectly to 3he Bay through El Tabia 
pumping station, while the second factory discharges 28000 m /day directly to the Bay. 

RESULTS AND DISCUSSION 

After waste water filtration of the two plants, a series of waste water dilutions 
with ChulO solution or natural sea water were prepared to test their effect on the 
growth of Selenastrum gracile and Ankistrodesmus falcatus as fresh water forms and 
Pheadactylum 'tricornatum, Dunaliella tertialecta and Cheato-ceras sp. as marine forms. 
Results expressed as relative growth value to control growth on ChulO solution for 
fresh water forms and to a central growth on natural sea water diluted with distilled 
water equivalent to the amount of waste water added to every test are given in Table 1. 
Data of these experiments showed that the wastes of El-Seouf textile factory have both 
stimulation and inhibition effect on bath marine and fresh water algae. The stimula
tion effect of textile mill wastes on algal growth was previously noticed by several 
authors (Walsh and Alexander, 1981). Urea waste water showed strong inhibition effect 
for all algal.species except for D. tertialecta. The calculated concentration that 
would inhibit algal growth by 50% (Ec

50
) and that. would stimulate growth by 20% (Sc

20
J 

are given in Table 2. The calculated toxicity emiss~on rate (TER) based on the mean 

::l~~t~:n!~523!0~ -~~m~~~~!. text~~= i!:~t f~:~r!. =e~i=~~s 1~!:. m::!1:r!~r p~:~t u:;;e~!:nt 
ecosystem in Abu Kir Bay. The chemical analysis of waste waterof El-Seouf textile 
factory showed that it is nearly neutral, with low chlorisity value. The dissolved 
oxidizable organic matter, fixed solids, nutritive inorganic salta and ammonia are 
higher by about 10 to 15 times their normal concentration in natural water. Urea 
fertilizer waste water was characterized by its high pH value and high content. of urea 
and ammonia which reaches 1700 and 600 mg NfL. The concentration of dissolved organic 
matter, phosphates and nitrates exceeded 2 to 10 times its acceptable limits in aquatic 
habitats. However the rapid dilution of these nutritive compounds in the Bay may 
produce eutrophication in the nearby area. This appears reliable since the highest 
density of phytoplankton population in Abu Kir Bay was occasionally observed at one 
kilometer near urea plant discharges. The previous results probably mean that further 
waste water treatment of the two plants must be done before its disposal in the Bay. 

TABLE 1: Effect of different concentrations of El Seouf textile factory (a) and 
Urea fertilizing factor on the relative growth (%) of the algae 
S. gracile, A.falcatus, D.tertiolecta, Ph.tricornatum, and Cheatoceros sp. 

I ' o< 
S.gracile A. falcatus D. tertiolecta Chea toceros sp. Ph. tricornatum 

waste j 
conc.

1 

a b a b a b a b 

5 - 6l:t - 78% - - - -
10 67% 38 66% 65 273% 106% 99% 68% 

20 138 16 117 39 139 39 177 32 

30 97 4 175 0 107 23 104 11 

40 89 0 225 0 172 0 97 9 

50 85 0 158 0 38 0 59 0 

70 84 0 71 0 55 0 73 0 

90 36 0 16 0 38 0 00 0 

TABLE 2: Calculated Ec
50 

and sc
20 

for the different algal species 

Algal species El Seouf textile plant Urea fertilizer plant 

EC50 sczo EC50 

s. gracile 84% 17% 6. 7 

A. falcatus 78 20 15.5 

D. tertialecta 50 26 16.0 

Ph. tricornatum 20.0 

Cheatoceros sp. 76 13 
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L-VI6 
W'lBINED TOXICITY OF FOUR TOXICANTS ((u, CR, OIL DISPERSANT) TO ARTEMIA SALINA 

G. VERRIOPOULOS, M. MORAITOU APOSTOLOPOULOU and E. MILLIOU 

Zoological Laboratory, University of Athens, Athens (Greece) 

In sea waters multicontaminant pollution appears to be the rule rather than the 

exception. For a realistic approach of pollution effects it is essential to 

estimate the combined toxicity when two or more pollutantants are acting in 

combination to marine animals. 

In this study we have tried to estimate the joint toxicity of some pollutants 

commcnly found in nearshore polluted waters: two metals: copper and chromium, 

an oil( Tunesian crude oil zarzaitine type) and an oil dispersant( Finasol OSR2) 

to Artemia salina. 

The~ toxicity of the four toxicants acting individually+ or jointly(all 

combinations of two, three or four chemicals) was estimated by determination of 

LC5o 48h (concentration of a toxicant which kills 50Yo of the test animals after 

48 hours of exposure) according to the Bliss method. 

In the experiments of eva.luation of multiple toxicity we have calculated each 

toxicant concentration to be added in the mixture as part of the relevant LC50 

(eg 10"/o,20"/o of the LC50). In this way all components in the solution are equitoxlc 

contributing equally in the toxicity of the mixture. The toxicity of tw0 toxicants 

mixture was determined using the additive toxicity index developed by Marking and 

Dawson. The necessary calculations for the index are: Am +Bm 

where A and B are chemicals,i and m are the toxi- Ai Bi = S 

cities(the LC50 values) of the individual toxicant and the mixture respectively 

and S is th<" sum: of Biological Activity. To establish linearity and to assign 

a reference point of zero for simple additive toxicity ,Marking and Dawson 

calculated the index as follows: Additive index (A.I.) = I-1.0 for S~1.0 

(greater than additi·Je toxicity) or S(:-::1 )+ 1.0 for S=91.0 r(less than additive 

toxicity). Additive indices of- ,0,+ indicate less than additive,additive and 

more than additive toxicity respectively. The same formula was used with the three 

and four toxicants mixture. 

When the two metals are acting individually to~ ,copper proved much more 

toxic(more than 20 times) than chromium.The calculated LC50 values(ppm) are: 

Cu:0,485,Cr:12,838.The LC50 values for oil is 297,8 ppm and for Finasol 0,90 ppm. 

When the two pollutants are acting in mixture of two, two types of joint toxicity 

are observed : a) strict additive.This is the case of the mixtures:Cr+oil(A.L= 

=-0,016 practically O),Cr + Finasol (A.I.=-0,105 practically O),Cu+Finasol (A.I.=-

01109 practically 0) and b) less than additive. The less than additive effect 

was less intense in the mixture Cu+Cr (A. I. =-0, 53) and clearly pronounced in 

the mixture oil+Finasol (A.I.=-1,87) and Cu+Oil (A.I.=-2,03). 

rlhen three of the pollutants are acting jointly, in all cases a less than addi~ 

tive reaction was observed.This type of joint activity was very clearly pro

nounced in the case of the mixture CU+Oil+Finasol (A.I.=-3, 75). 

The mixture of the four pollutants exhibited an important (A. I. =-1, 63) less than 

additive reaction. 

The problem of toxic effects of pollutants acting joinuy seems a very 

complicated one. The interaction of pollutants depends not only from the compo

nents of the mixture but also from the organism affected. Various forms of inte

raction e~ther chemical or physiological may occur when pollutants are acting 

jointly.Chemical interactions involve the mutual influences between pollutants 

that result in new compounds,chelate complexes etc. Physiological interactions 

can occur in altering the sequences of events eg the binding of toxicants to the 

target tissue.t-luch remain to be done concerning such interactions. The various 

mechanisms involved in pollutants inter··action.:; remain little known;extrapolation 

of laboratory data to field situation is difficult due to the sheer complexity 

of the interacting factors. 

+ The acute toxicity(LC50 48h)of oil and Finasol to ~ was estimated 

in a previous paper 
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L-VI7 
CAi:MIUM TOXICITY TO MARINE BIOTA 

Pia Elena MIHNEA and Gheorghe MUNTEANU 

Romanian Marine Research Institute, Constantza (Romania) 

ABSTRACT: Cadmium influence on unicellular algae in short term and chronic toxicity 
conditions as well as mussels contamination by nutrition were studied. 

Cadmium has no known useful biological function; it is ranked among the most 

hazardous trace elements in the environment. As free ion this metal ranges in the Roma

nian Black Sea area from 0.05 to 1.6
1

ug 1-
1 

(COUSTEAU, 1978; PECHEANU, pers. 

commurr .). Observations on short term effect of Cd were described previously (MIHNEA 

and cowork., 1980). Little information is available regarding both .the acute and chronic 

effect of Cd on aquatic biota, particularly in a food chain transmission experiment. 

In this paper we present data to demonstrate the degree of cadmium toxicity in uni

cellular algae ( Chaetoceros simplex v. calcitrans Pauls., Cyclotella cas pia Grun. , Ske

letonema costatum Grev., Chlamydomonas sp. and Platymonas impellucida McLaughlan & 

Parke), its intimate action on the metabolism as well as the accumulation to filter feeding 

consumer Mytilus galloprovincialis Lam. 

MS medium was based essentialy on sea water sampled 10 Nm from the coast, 

filtred and sterilized, with a·salinity of 17 g%o and pH 7.5. Five concentrations of Cd

Cl2Cd ranging from 0.04-2/ug 1-
1 

wer<;< us<;<d and duplicate controls without Cd additions 

were included. Acute contamination effect was observed in 72 hours and that of chronic 

one in 14 days. 

A 5000 lx light intensity in a L/D=8/16 hours cycle and 19-21°C temperature were 

maintained. For chronic assay bach cultures were performed; each three day period a 

volume of suspension was sampled and fresh medium with Cd supplied. 

Mytilus galloprovincialis was scaled in length classes, fed for 30 days with con

t~nated algae at a O.Jug Cd C 1 
level, and k<;<pt at 15-17 g%o salinity, 7.8 pH and 19-

21 C temperature. 

Short term effect. It was noted: 

(1) Cd causes destruction during the first 24 hours proportional with its concen

tration in Chlamydomonas and Platymonas. The adaptative capacity occured after 48 hours 

when algae could resume division and show a certain stimulation. (2) Stimulating concen

tration~ were very specific (in 
1

ug 1-
1 

): all of them for Chlamydomonas, 0.04-0.5 for 

Platymonas, 0.04-0.1 for Chaetoceros, 0.04-1 for Cyclotella, 1 but only for 24 hours in 

Skeletonema. (3) A rise in the organic compounds synthesis in Chaetoceros and Cyclotelh 

when Cd level ranged between 0.04-0.1. (4) An exacerbation of the mineral metabolism in 

Chaetoceros, Cyclotella and Skeletonema when Cd ranged between 0.1 and 0.5. (5) An 

absorbtion of Cu over control values in Chaetoceros (63. 76-76. 52%) and Cyclotella 

(27.53%). (6) No Cd accumulation. 

Chronic effect (was assayed exclusively on Chlamydomonas for 0.1 and O. 5 /ug C 1 

Cd concentrations). The observations are: (1) division rate was stimulated three days and 

then dropped to 50% under the control sample (0.5/ug Cd); (2) neoxanthin, violaxanthin, 

lutein, carotens, and chlorophyll a/b ratio reduced; (3) the total aminoacids synthesis 

was stimulated, exceeding the control value by 71 • 33% (0. 1
1

ug Cd C 1 ) and 46.51% (0. 5 

/ug Cd C
1 

); a special increase for alanine, phenilalanine and cystine was noted; (4) Cd 

accumulation ranged from 6.27 to 15.42/ug g -
1 

dry matter and took place after 168 hours 

of contamination; (5) a strong divalent ion absorbtion was observed, exceeding the con

trol value by 1 , 300% for Zn and 2, 800% for Cu; (6) Cd accumulation in mussles was big

ger than control value by 19.4-36.26%, the highest level (1 .88/ug g - 1 fresh weight) was 

reached by the individuals of the 4. 5-7 em length class. 

Concerning short term effect of Cd, our results are a confirmation of different 

responses observed by other authors (BERLAND and cowork., 1976). 

The division rate stimulation was obtained at a level of 25-100
1

ug 1-1 in Skeleto

nema isolated from the Mediterranean Sea (BERLAND & cowork., 1977). 
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L-VIs 
AREAL DISTRIBUTION OF HEAVY METALS IN SEDIMENTS AND BENTHIC FAUNA 

FOR A SAMPLING STATION AND THE INTRODUCTION OF A "FIELD ERROR" 

Boris S. KRUMGALZ and Moshe SAHLER 

Israel Oceanographic Institute, Tel-Shikmona, 
P.O.B. 8030, Haifa (Israel) 

Numerous investigations have been conducted to study the hazardous effects of 

heavy metal input into the marine environment, including biota and sediments. 

Studies of seasonal and areal changes in heavy metal contents in these ecosystems 

raise a question about errors related to sampling procedures. It is obvious that 

it is impossible to carry out subsequent samplings at the exact same point. A 

repeated sampling procedure at the same stations during the same day was carried 

out in a relatively polluted area. Samples of sediments and benthic fauna were 

collected and analyzed for some heavy metal content. The scatter in the obtained 

results was very high. Therefore, the problem is how the errors related to the 

commonly accepted sampling procedure can reflect in the results concerning 

L-VI9 
ASSESSMENT OF BENTHOS AFTER THE INTROIXJCTIOO 

OF AN OIL SPILL IN A GREEK EMPAYMENT 

Aristidis DIAPOULIS and Costas BOGDANOS 

National Center for Marine Research, Hellinikon, Athens {Greece) 

No benthos study has ever been made in the bay of Navarin on the 

southwestern coast of the mainland (Pig .1) • At February 1980 a tanker 

got wrecked in the bay and there was an oil spill. The bay of Navarin 

is small covering an area of abou~ 16Km2 , depths do not exceed 60m and 

it communicates with the Ionian sea by two channels, the south one 
which is the bigger ( 1270 meter wide and about 70m deep} and the north 

one (very shallow, about 1m and its widht does not exceed 1OOm). 

In June and December 1983, macrozoobenthos samples were taken in 

the bay following a rather dense station grid (distances between sta

tions 0.5 Km). During the same seasons sa.r.1ples of rr-.arine ~lora Here 

also ta!<en inside and outside the bay. The stations outside were, M 

soutwards and R northwards, the results of these samplings were compa

red with the results of the samplings in the bay. 

seasonal and areal changes in heavy metal contents in sediments and benthic fauna. 

The purpose of the above samplings was the assessment of the ben

thic communi ties situation three and a half years after the introduc

tion of crude oil from the tanker ... s "Irenes Serenade'1 shipwreck in the 

bay. Unfortunately there is no data or studies on the pre-wreck situ

tion in the area for comparative results. 

He suggest calling the errors related to sampling procedures "field errors". 

Experiments were conducted to find the "field error" and to assess the areal 

distribution of some heavy metals in sediments for two polluted stations. Three 

circular loci of points at radii of 10, 20 and 50 m from the central point were 

selected, and at each radius sediments were sampled at 4 points in the directions 

of east, west, north and south. The appropriate statistical test was selected 

to answer the question: whether or not there was a statistically significant 

difference between the mean values of heavy metal contents of these four groups 

of sampling. The statistical analysis demonstrated that most of the points under 

study were statistically similar. The inherent errors arising from sample 

collection procedure and mean "field error" values for lead, zinc and copper 

have been estimated and are presented in the table. 

Mean "field errors" (%) for some heavy metals 
sampled in the vicinity of two stations 

Station number 

27 

Pb 

18.1 

20.9 

Zn 

21.0 

34.2 

Cu 

12.9 

28.7 

It can be concluded that even before samples are handled in the laboratory, 

there is already a considerable inherent error associated with the field work 

performed in obtaining sediment samples, and our "field error" offers a rough 

estimate of this inherent error. The apparent randomness of trace metal 

distribution in sediments found in this study seems to indicate the highly 

dynamic nature of trace metal pollution in sediments, subject to varying mech-

anisms for pollution migration. Some natural phenomena such as bottom currents 

could be expected to scatter waste particles less dense than sand but storms 

could extensively redistribute dense waste particulate on the sea floor. Since 

the proposed mean "field error" reflects the conditions of sediment movement 

and mixing and also possible pollutant migration, it should be determined for 

every set of sampling. In the present study, we offer to devise a model for 

redefining a station sampled to study more adequately trace metal pollution in 

surface sediments. There actually is no real definition for such a station as 

we know it; a station is simply some point in a body of water with no clear 

boundaries. He propose to define a station boundary quantitatively by deter-

mining a "statistical limiting radius" r. This r would represent the radius 

at which the circle mapped out would consist of points in which trace metal 

concentrations in surface sediments are statistically different from those 

trace metal concentrations found in surface sediments inside the circle mapped 

out by r. 

DISCUSSION 

a. Zoobenthos. Analysing qualitatively the duplicate samples of the 

two samplings (total area almost 6m2
}, 249 species were determined. The 

distribution of the main groups was as follows: 124 species ( 4 3. 8%) of 

.the total belong to Polychaeta, 45 species(18%} to Hollusca, 49 spe

cies(20%} to Crustacea, 8 species(3%) to Echinodermata and the rest 23· 

species or 9.2% to miscellaneous minor groups. 

Comparing the above data with the mean percentages of the groups 

from oti1er bays in Greek waters, grown on similar soft substrates 

which is: Polychaeta 51%, ~lollusca 15%, Crustacea 20'1,, Echinodernata 

6.5% and !1iscellaneous 7.5% (Bogdanos 1979,1980, Bogdanos and Satsma

tzis 1983, Diapoulis and Bogdanos 1983}, was found Polychaeta to be 

in the same percentages, Hollusca being slightly decreased, Crustacea 

alr:1ost the sar:1e, Echinodermata slightly decreased and the ~liscellane

ous almost the sar:1e. The main importance in our study lies on the fact 
that the percentage of Crustacea is almost the same wth the mean of 

ether similar unpolluted areas. According to international studies on 

cil pollution it has been defined that, Crustacea and especially Ar.:

phipoda are very sensitive in oil pollution and can be used as nega

tive oil pollution indicators (Sanders et al 1980}. In our study the 

contribution of amphipoda to the total Crustacea found in Navar in bay 

was very high i.e. 4 7% or 23 species to a total of 49. Being cautious 

because we unfortunately dont know the composition and contribution 

of amphipoda and generally of the biocoenoses before the accident,we 

believe that the biocoenoses in the bay have already recover. 

George (1970} has shown experimentally that the organic carbon 

content of the sediment has been abruptly increased just after an oil 

Pig.1 

introduction to about four times the origi

nal value and after four mouths being retur

ned to the original value again. It is pos-, 

sible this quick recover to be attributed in 

intense microbial activity on the sediment 

surface. The same author also proved experi

mentally that the lethal effect of oil on 

two polychaete ·species is of no importance 

(on the contrary with Crustacea and Echino

dermata} but of big importance after the u

se of dispertants. The values of organic 

carbon content in Navar in bay were normal, 

ranging from 0. 58% at station 20 outside 

the entrance of the bay to 1 • 67% at station 

18, there is also a very low value 0. 08% out

side the bay to the shallow and sandy stati

on 26 (Fig.1). 

b. Phytobenthos. The totalspecies number de

termined inside and outside the bay was 124 

and distributed as: 24 to Phaeophyceae, 2 to Chlorophyceae, 20 to Bry

opsidophyceae and 78 to Rhodophyceae. Inside Navarin bay, during June 

1983, were determined 81 species distributed as: 11 to Phaeophyceae, 2 

to Chlorophyceae, 1 3 to Bryopsidophyceae and 55 to Rhodophyceae. our ing 

winter samplings at station P were determined 12 Phaeophyceae, 7 Bryo

psidophyceae and 52 Rhodophyceae. From the stations studied, the two 

in the bay were the richest i.e. station P with 76 and S with 71 spe

cies. The same values are presented in the total covering of the speci

es, the highest values of it being at the stations inside the bay. 
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PEROXYDATION DE L'I-UILE PHARMACEUTIQUE 

EXffiAITE DU FOIE DU RWJIN SGi.JALUS ACANTHIAS 

Maria MIRZA (l) et Mariana SURMEIAN( 2) 

{1) Institut Roumain de Recherches Marines, Constantza (Roumanie) 
{2) Institut de Recherches Chimico-Pharmaceutiques, Bucarest (Roumanie) 

SUMMARY : 

The peroxidation of pharmaceutical oil from liver of Squalus acanthi as 
was determined at 60°C in air and in the presence of different physico-chemi
cal factors : l~~ht, dark, temperature, traces of oxidated oil, organic tra
ces, reduced Fe , humidity, Na

2
so

4 
sicc. and PVC package. 

Les recherches ont ete effectuees sur des echantillons d 'huile prepares 
selon une methode originale. L'etude de la peroxydation a ete suggeree par 
des necessi tea pratiques surgies des dernieres rechercht.~ en biologie et en 
medecine, qui ont mis en evidence que les peroxydes lipidiques s'accumulent 
dans les ischemies cardiaques, le choc traumatique, les cataractes et d'autres 
retinopathies, la silicose, l'insuffisance hepatique, le diabete, la dystro
phie musculaire. On a mis en relief aussi 1' effet carcinogenique des peroxy
des par 1' intermediaire des epoxydes ( 1). 

L'huile pharmaceutique obtenue du foie de. Squalus ~ a presente 
les caracteristiques physico-chimiques suivantes, determinees conformement a 
la pharmacopee roumaine Ci>dition IX) : liquide huileux, limpide a la tempera
ture ordinaire, de couleur jaune-orange, miscible avec l'ether en n'importe 
quelle proportion, ainsi qu'avec le chloroforms et le dichlorethane; densite 
D~8 0 1 910, point de solidification -5°C; indice de r<>fraction n D20 1.476; 
indice d'acidite 0,3; indice de saponification 165,5; indice d'iode 14o; 
substances insaponifiables 10%; indice de peroxyde 0,5f metaux lourds 0,001%, 
vitamine A 140 mg%; acides gras (dosage par chromatographie gazeuse) : acide 
miristique 3,4%; acide palmitique 19,0%; acide palmitolhque 13,9%; acide 
stearique I8%; acide olhque 26 ,3%; acide linohque 0,9%; acide linolenique 
0 ,57%; acide eicosaenoique 10%, acide docosahexaenoique 5%· La structure chi
mique est semblable a celle des huiles obtenues a partir d. autres especes de 
poissons elasmobranches (2,3). 

La peroxydation des acides gras de l'huile du foie de requin se produit 
avec des vitesses difficilement perceptibles a la tempexature ordinaire; c'est 
pourquoi les etudes ont ete effectuees en conditions de vieillissement accele
re a 60°C a l'air, a l'obscurite. Dans ces conditions, la cinetique de la 
peroxydation presente une periode latente d'induction d'environ 20 heures, une 
periode de 95 heures de propagation (lorsque se fixent 30 g O:;J/kg), ainsi 
qu'une periode finale, quand le phenomene a tendance a atteindre un plafond. 
Aprea 150 heures de vieillissement, l'indice de peroxyde (Ip) augmente 112 
fois (de 0,5 a 56), et l'indice d'acidite (Ia) 5,3 fois (de 0,3 a 1,6). 

L'oxydation de l'huile est fortement catalysee par la presence du fer 
redui t I de purete spectrale. A pres 120 heures de vieillis~ement 13~ ech~n
tillons de fer etaient couverts d 1 une grosse couche de rou~lle (Fe ) 1 b~en 
qu' ils scient completement immerges dans 1' huile. Durant cet intervalle, Ip 
et Ia ont atteint respectivement les valeurs de 138 et 1 ,8. 

Lea variantes avec : a)huile fraiche, b)huile en melange avec des restes 
d'huile ranee (0,1%o), c)huile deposee en recipient ouvert en PVC, d)huile 
filtree sur une couche epaisse de Na so

4
anhydre - toutes vieillies, ont eu, 

120 heures apres, les valeurs respeciives de Ip et Ia suivantes : 90-1,2; 78-
1,6; 142-1,3; 60-1,3. 

On a determine 1' action catalytique de la lumiere solaire sur 1' oxydation 
de l'huile de requin en exposant les echantillons pendant 35 minutes, a la lu
miere SOlaire directe I pUiS au Vieillissement a 1 1 air a 6ooc et a 1 1 ObSCUri te • 
Aprea 120 heures les valeurs enregistrees furent Ip : 130; Ia : 2,0. 

La ca talyse de la peroxydation de 1 'huile, so us 1' influence de la lumiere 
solaire directe, est diminuee par la presence conjointe, dans le milieu de 
reaction, du fer reduit et des restes d'huile oxydee, l'experience etant ef
fectuee-.'dans les conditions ci-dessus. Les indices Ip et Ia, 120 heures apres, 
furent respectivement de 98 et 1,5. 

L'effet inhibiteur de la superoxydismutase a ete mis en evidence en ajou
tant des restes de foie frais aux composantes de l'experimentation anterieure. 
Les valeur a Ip et Ia, 120 heures a pres 1 furent respecti vement de 45 et 2, 5. 

Lea temperatures jusqu' a 90°C ont une action stimulante sur la peroxyda
tion de l'huile de requin; celles superieures a 100°C entrainent la destruc
tion des peroxydes en atmosphere azotee. On a soumis des echantillons d'huile 
de requin, avec l'indice de peroxyde 20, a des temperatures de 100°C, 120°C et 
130°C sous coussin d'azote, la quantite de peroxydes s'est reduite de moitie 
apres 180; 28 et 20 minutes respectivement. 

1. OLINESCU R., 1982 - Peroxidarea 3:n chimie, biologie si medicina. Editura 
stiintifica si enciclopedica, Bucuresti. 

2. EGOROV.l N.I., I974 - Trudy VNIRO, T.104 : 89-96 (in russian) 
3• RIBALKINA G.N., KUDASKINA Z.N., I983 - Trudy Atlantniro : 29-34 (in rus

sian). 
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QUELQUES DONN~ES SUR L' INHIBITEUR NATUREL 

DE LA TRYPSINE CHEZ SalJALUS ACANTHIAS DE LA MER NoiRE 

Natalia ROSOIU 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

SUMMARY : 
Protein extracts from eggs, organs (liver, pancreas, stomach) and viscera 

of Sgualus acanthias (a shark species from the Black Sea) show a trypsin inhi
bitory activity comparable to natural inhibitors of trypsin isolated and puri
fied from other sources of animal or vegetal origin. Thus, 0.10 mg of gross 
natural inhibitor obtained from viscera of S. acanthias inhibit amounts of 
pure trypsin ranging between 2 t" 6 mg up t;:;-25 %, and amounts between 8 and 
16 mg in proportion to 18 % and 7.5% respectively. 

Ce travail presente quelques donnees sur l'inhibiteur naturel de la tryp

sine chez Squalus .~• une espece de requin de la mer Noire. On a ef

fectue les determinations de l'activite enzymatique et de l'inhibition de la 

trypsine, conformement aux methodes decrites dans les travaux anterieurs, 

(ROSOIU et coll., I98I a; I98I b), en utilisant 1' hemoglobine en tant que 

substrat. 

Etant donne qu' on avai t decele chez le requin une importante acti vi te 

d'inhibition de la trypsine dans les oeufs, le pancreas et l'estomac, mais 

avec des valeurs du rapport E/I (Enzyme/Inhibi teur) oscillant entre 0 ,o4 et 

0,15 (ROSOIU et coll., 1981 a; 1983), les recherches ulterieures ont ete ef

fectuees sur extrai ts proteiques obtenus des visceres, et no us avons cons tate 

les faits suivants : 

Au cours des experimentations ou 1' on a utilise des quanti tea constantes 

de trypsine (2 mg/ml) et des quantites variables d'inhibiteur, (concentration 

protei que comprise entre 0,02 et 3, 80 mg/ml), le taux d' inhibition de la tryp

sine a augmente parallelement a 1' augmentation du rapport E/I, c' est-a-dire de 

3,8% a un rapport E/I de 0,53, a 52,2% correspondant au rapport E/I de 100. 

Cela veut· dire que plus la quanti1:e d'inhibiteur est petite, plus le prepare 

enzymatique pur est inhibe. A des concentrations plus elevees de 1' inhibi-. 

teur, l'affinite de l'enzyme pour l'effecteur diminue, ceci etant du aux 

liaisons intermoleculaires qui s' etablissent entre les chaines peptidiques de 

l'effecteur, qui deviant ainsi partiellement inapte a une interaction avec 

l'enzyme. 

En ce qui concerne les experimentations ou 1' on a maintenu la quanti te 

d 'inhibi teur constants (concentration protei que : O, 10 mg/ml), tandis que la 

trypsine etait variable (2 a 16 mg/ml), on a enregistre une diminution du taux 

d'inhibition de la trypsine en fonction de l'augmentation du rapport E/I. De 

cette maniere, l'activite antitrypsique baisse de 25% a 7,5%, ce qui corres

pond a une croissance du rapport E/I de 20 a 160. Dans ce cas, la decroissan

ce de l'activite antitrypsique s'explique par la presence, dans le milieu de 

reaction, d'un exces d'enzyme a cote de tres petites quantites d'inhibiteur. 

De meme, nos donnees prouvent que les extrai ts proteiques obtenus des 

visceres de requin de la mer Noire manifestent une activite d'inhibition de la 

trypsine comparable a celle des inhibiteurs naturels de la trypsine, isoles et 

purifies a partir d'autres sources d'origine animale ou vegetale. Par exem

ple, 0,10 mg d 1 inhibiteur natural brut, obtenu des visceres de Squalus ~

~. inhibe, en proportion de 25 %, des quantites de 2 a 6 mg de trypsine 

pure. Des quantites de 8 a.16 mg de trypsine pure sont inhibees en propor

tion de 18 % et 7,5% respectivement. 

REFERENCES BIBLIOGRAPHIQUES : 

RO:;OIU N., SERBAN M., PANAIT M., I98I a - Cercetari marine (Recherches mari

nes) , ~ : 223-227. 

ROSOIU N., SERBAN M., PANAIT M., I98I b - Cercetari marine (Recherches mari

nes), ~ : 217 - 222. 

ROSOIU N., SERBAN M., I983- Rapp.Comm.Int.mer Medit., ~~· §_: 73-74 
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QJELQUES DONNEES SUR L

1 
ACTIYITE HYAWRONIDASIQUE 

CHEZ LE POISSON ENGRAULJS ENCRASSICHOWS PONTICUS DE LA MER tiOIRE 

Natalia ROSOIU et Iulia VOINESCU 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

SUri!-!ARY : 

The highest hyaluronidasic activity in viscera and gonads of Engraulis 

encrassicholus ponticus occurs during the maturation period of gonads. The 

enzyme is active within a large pH domain, ranging between 3.6 and 8.0, and 

showing its highest activity between pH 3.6 and 5.6. The hyaluronidase from 

!:_ encrassicholus ponticus presents four optimal pH : 3.6, 4.4, 5.0 and 5.4, 

and two optimal temperatures : 40°Cand 60°C. At the same time the enzyme 

shows a high degree of thermostability. 

L 1 hyaluronidase est une g;Lucosaminidase (DORFMAN, I955) qui catalyse 

l I hydrolyse des groupements reducteurs de la partie N-acetylglucosaminique de 

l 1 acide hyaluronique, ainsi que l' hydrolyse de l 1 acide chondroitinsulfurique 

present dana les cartilages. Dans nos recherches preliminairea nous avons 

etudie 1' acti vi te hyaluronidasique et la determination des parametres opti

maux d 1activite enzymatique chez Engraulis encrassicholus ponticus. 

On a effectue lea analyses des extrai ta proteiques en tampon CH
3

coOH/ 

CH
3

COONa a un pH de 4,3,a partir des visceres, y compria lea gonadea, au 

coura de la periods de maturation, quand l 1 activite hyaluronidaaique est maxi

male. L'activite enzymatique et la concentration proteique ont ete determi

neea conformement aux methodes decri tea dans nos travaux anterieurs (ROSOIU et 

call., !985). 

Lea reaultats obtenus ont mis en evidence lea faits suivants : 

- On a decele une acti vi te hyaluronidasique durant la peri ode de matura

tion des gonades, dans lea viaceres y compria lea gonadea, jusqu 1 a 10-12 UI/mg 

proteins. 

- La vi tease de reaction catalyaee par 1 1 hyaluronidase augmente en fonc

tion de la diminution de la concentration proteique dans le milieu de reac

tion. On n 1 a pas pu mettre en evidence un domaine de proportionnalite. 

- L'hyaluronidaae presente une activite dans l'intervalle de pH compris 

entre 3,6 et 8,0, ayant un maximum dans l 1 intervalle 3,6 - 5,6. Lea pH opti· 

maux d 1action sont compris entre 3.6 et 5.4. 

- L 1activite maximale de l'hyaluronidase a lieu a des temperatures de 40° C 

et 6ooc, manifestant, en meme temps, un haut degre de thermostabilite. 

-La vitesse de reaction catalyaee par l'hyaluronidase augmente aelon une 

courbe hyperbolique jusqu. a 125 .u.g hyaluronate de sodium dans le milieu de 

reaction, a pres quai suit une inhibition a de plus grandee concentrations de 

substrat. 

- La vi tease de reaction catalyaee par l'hyaluronidase est directement 

proportionnelle seulement au premier stade de la reaction, ensuite la fonc

tion deviant hyperbolique, ce qui est du probablement au changement de l 1 ordre 

de reaction. 

DORFMAN A., I955 - In "Methods in Enzymology", edited by S.P. Colowick and 

N.O. Kaplan, Academic Press Inc., New York, vol.I. 

ROSOIU N., SERBAN M., VOINESCU I., I985 - Cercetari marine (Recherches mari

nes), 18 (in press). 
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PROTHYf'()SIN a IN TROUT. ISOLATION AND TISSUE DISTRIBUTION 

BY HIGH PERFORMANCE L!WID CHRCW\TCX3RAPHY AND A RAD!OIF'MUNOASSAY 

P. YIALOURIS and A.A. HARITOS 

Zoological Laboratory, University of Athens, Athens (Greece) 

Thymosin alpha 1, a 28 amino acid residues peptide has shown promise as an immune 
enhancer. Two other related peptides, thymosin alpha 11 and des (25-28)-thymosin alpha 
1 were also isolated from calf thymus extracts. By heat inactivation of endogenous pro
teases and a radioimmunoassay against synthetic thymosin alpha 1 (1), the native poly
peptide prothymosin alpha (2) was isolated from rat thymus and spleen and in lower 
amounts from nonlymphoid tissues (3). The elucidation of the primary structures (4) 
revealed that the above 3 peptides were fragments of different lengths of the NH 2 -ter
minus of the 113 amino acid residues prothymosin alpha. Comparison of the primary 
structures of rat and human prothymosin alpha revealed for the latter only one dele
tion at the NH 2 -terminus and 4 substitutions and one deletion at the COOH-terminus (5). 
Prothymosin alpha has been found 10-20 times more effective than thymosin alpha 1 in 
protecting mice against opportunistic infections. 

In order to study :he molecular evolution of prothymosin alpha in vertebrates, the 
isolation and tissue distribution of prothymosin alpha in fish (trout) was undertaken. 
A new radioimmunoassay (RIA) was developed using rabbit antibodies against synthetic 

~~~~o;~~~!~~ ~~~~s; /:~~~~i nr-m ~~~ t(~~ 5 : J 1 ~sa ir!~:/HT~~e:~~~~~ ~~~g~f 0~ l ~~~ 
RIA was 0.3-10 pmoles (1-32 ng) of thymosin alpha 1 (Fig. 1). Trout tissues were im
mediately dropped in 1 iquid nitrogen after sacrifice and the frozen tissues pulveri
zed. The powder was dispersed in boiling water for the rapid inactivation of endoge
nous proteases. The suspension was homogenized and after centrifugation the superna
tant was mixed with equal volume of buffer A (1M HCOOH/0.2 M pyridine, pH 2.8) and 
kept at -10°C. A volume corresponding to 7 gr of tissue was thawed, centrifuged and 
the supernatant lyophylized, redisolved in 1 ml of buffer A and applied on a Sephacryl 
S-200 column equilibrated with the same buffer (Fig. 2). The fractions containing the 
immunocrossreacting material were pooled and lyophylized. Finally the sample was ap
plied on a reverse phase high performance liquid chromatography (RP-HPLC) C18 column 
(Fig. 3). 

Fig 1. DispZaaement aurve 
for thymosin alpha 1. 

In the gel filtration experiment of the trout spleen 
extract, the major peak of crossreacting material was ob
served at an elution volume corresponding to an apparent 
molecular weight of 55,000, higher than that of calf pro
thymosin alpha.This may reflect a higher molecular weight 
and/or a difference in the shape of the molecule of trout 
prothymosin alpha.No thymosin alpha 1-like material was 
detected by the RIA. Trout prothymosin alpha was finally 
isolated by RP-HPLC (Fig. 3) and appeared as a single 
symmetrical peak at the position of the second major pro
tein peak detected at 220 mm (0.16 AUF) and at a later 
elution time than calf thymosin alpha 1 and calf prothy
mosin alpha. The subsequent determination of the sequen
ce of this isolated polypeptide will show the degree of 
homology of fish and mammalian prothymosin alpha. 

Alpha-thymosinswere measured in spleen, liver, testes 
and ovaries extracts with the RIA. The quantities expressed in ng of thymosin alpha e
quivalents/g of fresh tissue were 873, 270, 131 and 42 respectively. In gel filtration 
experiments of liver and testes extracts (not shown) the crossreacting material was 
characterised as prothymosin alpha-like material, according to the elution volume. The 
higher concentration found in spleen as compared to non-lymphoid tissues is in agreement 
with related measurements in mammalian species (3). By the same RIA the amount of pro
thymosin alpna in calf thymus was 7,238 ng of thymosin alpha 1 equivalents/gf of tis
sue. The much lower amount of prothymosin alpha detected by the RIA in fish tissues 
as compared to the mammal ian ones may reflect structural differences mainly in the 
epitope sequence, expected by the phylogenetic distance of fish and mammalian species. 
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Fig. 2 (left). Separation on a Sephaeryl S-200 column (90x1.5 em) of peptides from boi
led trout spleen tissue. The flow rate was 6.71 ml/h and each fraction was .1.34 ml.For 
the radioimmunoassay and the protein assay aliquots of 300 ].ll and 100 ]Jl respeatively 
were used from eaah fraation. For the subsequent purifiaation by HPLC, the fraations 
indiaated by the horizontal bar were pli!oled and eaah third of the rraterial separately 
ahromatographed. Arrows indiaate fraations corresponding to the elution volumes for 
aalf prothymosin alpha (Mr=35,000) and thymosin alpha 1 (Mr=15,000) both appearing as 
oligomers. 
Fig. J (right). Separation of immunoarossreacting peptide(s) on RP-HPLC CIS aolwrm. 
Elution was with a step-wise gradient of acetonitrile in 0.1% trifluoroacetic acid. 
Fractions (0. 6ml) were aoUeated and 50 ].ll aliquots taken for the radioimmunoassay a. 
In the experiment shown fraations ?6-?8 were pooled upon rechrormtography showed 
a single peak. An HPLC run of pure calf prothymosin and synthetia calf thymosin 
alpha 1 is superimposed for aomparison ( ---). 

In con~ l us ion a mammal i an-1 ike prothymos in alpha has been isola ted from trout sp 1 een 
and found 1n lesser amounts in other trout tissues. This calls for the examination of 
the participation of prothymosin alpha in the fish cellular immunity, an already re
ported role for this polypeptide in mammals. 
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RECOVERY OF INJURED FECAL COLIFORM$ IN SEAWATER 

BY THE MOST-PROBABLE-NUMBER PROCEDURE (MA'J) AND ThQ MEMBRANE FILTRATION 

TECHNIQUES Cf'f) CMlH-FC AND MT-7 AGAR MEDIA) 

J. L. ALONSO o , I. AMO!WS o and E. HERNANDEZ 0 0 

0 Institute of Hydrology and Environment 
0 0 Department of Microbiology 

Polytechnical University, B.P. 22012, Valencia (Espana) 

In l r t>lllll! ion 

T~o me• hods are specified by the E.E.C. for the microbia 
logical analysis of recreational waters (1), the MPN method
and thP membrane filter techniques. None of the recommended 
methods specify resuscitation (2) and in seawater a number of 
environmental factors injure or kill coliform bacteria (J).As 
a result many investigators have proposed alternative MPN and 
MF methods (4)(2)(5). 

Traditional MPN procedure was compared with two membrane 
filtration methods, a rapid 7 hour fecal coliform test (5) 
and a meriium (mT-7 agar) designed to improve recoveries of i~ 

jured fecal coliforms (4). 

Materials and Methods 

W~ter samples were collected in two sites on the beach 
of Puebla de Farnals (Valencia) during the period January-April 
1.986. The first site is next to a drain of fecal contamina
ted waters. Samples were prefiltered with 12 ~m sterile membra 
ne fi!Lers (Sartorius) to eliminate particles on suspension. -
Microbial methods: 
m7-h FC test.- samples (prefiltered were filtered with 0,45 
pm membrane filters (Millipore) and membrane filters were pl~ 
ced on m7-h FC medium. The plates were incubated for 7 to 
7,25h at 41,5°C (5). 
mT-7 agar method.- the resuscitation procedure consisted of 
filtration of two replicates of each sample dilution through 
membrane filters 0,45 ~m (Miilipore). mT-7 agar was used as 
the fecal coliform medium. The plates were preincubated for 
8h at 37°C followed by incubation for an additional l2h at 
44,5 oc (7). 
MPN test.- fecal coliform procedure w•s conducted as defined 
in Standard Methods (6). 
Confirmation of isolates.- at least 7 presumptive fecal coli
forms from each MF technique were verified by inoculation into 
lauryl triptose broth (37°C for 48h) followed by transfer to 
EC broth (44,5°C for 24h) (5)(7). 
Statistical anlysis: statistical comparisons were made on lo
garithmically transformed data by the analysis of variance. 

Results 

Counts on MPN method were generally lower than on the 
other two methods in both sites. T-7 agar yielded the highest 
average for each sample point. The counts in site 1, between 
the three procedures shows greater differences which indica
tes that the quality of water had significant effect on the 
ability of media to support the production of fecal coliform 
population. 

In sit•' l the mean ratio m7-h count per IOOml/MPN per 100 
ml ranged from 1-1.12, the mean ratio m'f-7/m7-h ranged from 
l-1.1 and the mean ratio mT-7/MPN ranged from l.l-1.3. In site 
2 the me;" ratio between the three procedures were very simi
lar to s te 1. Verification rates for fecal coliform isolates 
on mT-7 agar averaged 85.7% whereas verification rates for 
m7-h ave· raged 80. 5%. The analysis of variance revealed no sig_ 
nificant differences between the three procedures in site 2 
(P<0.05) but in site l the difference was highly significant 
(P<0.05) between the three techniques. 

Discussion 

The time and temperature of preincubation were found to 
be crucial to the optimal recovery of injured fecal coliforms 
in both membranP filter procedures (5)(7). 

Verification rates for fecal coliform isolated on mT-7 
agar averaged 85.7% for seawater samples whilst LeChevallier 
(7) averaged 89% for chlorinated and no chlorinated waters. 
This medium was found to produce consistently higher fecal 
coliform counts than the two other methods tested. 

The m7-h FC can be used for the emergency examination 
of coastal waters with fecal contamination. 

The !2 ~m sterile prefiltration step of samples elimina
tes the interference due to particles on suspension when used 
the MF procedures. 

Modified culture methods are required for recovery and 
enumeration of sublethally stressed organisms (2)(8). 
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Introduction 

Sa-\E ASPECTS ABaJT MICROBIAL ACTIVITIES 

ON NITROGEN TRANSFORMATION IN CULLERA B,.w 

I. AMOROS, J. L. ALONSO and I. PER IS 

Institute of Hydrology and Environment, 
Polytechnical University, B.P. 22012, Valencia (Espana) 

Cu1lera bay is a tourist village situated 40 km. far from Vale~ 
cia which increases its population in a large number during summer 
periods. Seawater in Cullera bay is influenced by the contaminant di~ 

charge of Jucar river;this fact and the restrictive circulation of 
their waters causes a serious pollution problems.During the last years 
(due to the increase of pollution) nitrogen cycle has been intensely 
studied ( 1,2,3,4,5) principally in bays, estuaries and lagoons which 
receive many pollution sources.A great quantity of nitrogen compounds 
derived of urban wastes are present in these discharges. These waste 
water discharges may be monitored in order to the public health con
trol but the amount of nutrients which they transport is not removed 
by the water treatment systems. Consequently,an eutrophication of r~ 

ceptor waters is produced. 

In the present work ammonification and nitrification (autotro
phic and heterotrophic paths) activities developed by microrganisms 
have been studied. Nitrates. nitrites and ammonia values of seawater 
have been also monitored.Statistical ~absis with data obtained were 
calculated. 

Materials and Methods. 

Sampling: Water samples were collected at 3 points in Cullera 
bay,at surface and depth(5mts.) during the months of May,July,August 
and October. 

Microbial Methods:Ammoni~ication and Nitrification activities: 
MF-Technique.-Samples were filtered with a 0.45~ pore size filter(Sa£ 
torius SMlll).Filters were inoculated into a flask with lOOml. of spe 
cific medium(6) and incubated for 3 days at 28°C for ammmonification
activities and for 18 days at 28°C in the CEe of nitrification activ~ 
ties. 

Chemical Determinations:Ammonia:Method of Koroleff(7);Nitrites: 
Griess's Method(7); Nitrates: Cadmium Reduction Mehod(7). 

Statistical Analysis: Correlatfun coefficients of Bravais-Pearson 
were calculated on a Computec XP ( Computer Technology) computer. 

Resul'ta. 

The highest value of ammonification activity in Cullera bay was 
obtai~ed in May and the lowest in october. 

In general, we have observed that the nitrification heterotro 
ph i c p a t h is domina n t o v e r t he a u to t r o ph i c one . The h jgre s t val u e o ~ c u r s 
in May and the nitrification activity on depth is higher than at SU£ 

face .. 
Nitrates values were elevated during all the period of study 

( 8,8 ~atg N/1). Nitrites and ammonia values were moderated except 
during the month of October where maximun values were obtained(NH4+= 
45.6 and N0z=5.05 ). 

Not correlation have been found between microbiological activi
ties and chemical determinations of seawater. 

Discussion 

The elevated value of ammonification activity found in May can 
be explained as result of an increase of organic matter preceding 
from phytoplankton explossion and the lowest one could be due to a 
liberation of amine groups and the organic matter able to consume 02 
is composed of low nitrogen content compounds. Same results have been 
found by other authors in this area (6). 

The differences found between the nitrification processes on 
depth and at surface can be explained by the hypothesis of photoinhi
bition given by Horrigan and others(8)(2) or light inhibition of ni
trification.The minimun incidence ofsunlight in points situated on 
5meters depth on Cullera bay produce an enhancement of nitrifying ac
tivity on depth. 

No correlations have been found between microbiological activi 
ties and chemical data .This fact can be interpreted by the existe11 
ce of another nitrification paths which complement the microbial ac~ 
tivity.Similar results have been observed in others studys. ( 2) ,(4) 
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STUDY OF AER0'10NAS HYDROPHILA IN A MARINE EfMROt-lvlENT 

ITS PRESENCE IN SEAWATER, SHELLFISH AND SEDIMENT 
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Departamento de Microbiologia, Facultad de Ciencias, 
Universidad de Malaga, Malaga (Espana) 

SUMMARY. 

The annual distribution of Avt.omoruuJ hydA.ophi_.La in seawater, shellfish 
and sediment was studied, in the marine area affected by the outfall of Guadalhorce 
river (Malaga. Spain). The results obtained indicate that exist~ parallel evolution 
of the average concentrations in the three kinds of sample, and there is a seasonal 
oscillation with a winter minimum and two maxima in summer and autumn. The results 
make it possible to .consider A. hydA.ophi_.La for sanitary quality of shellfish. 

TEXT. 

AMomonM hydA.ophi_.La is found in all but the most extreme aquatic habitats 
(1). However, it does not form part of the autochtonous microflora of the sea. f2;3), 
as it happens in fresh water ecosystems. The presence of this microorganism in 
the sea environments is due to an outside source such as direct discharges of 
wastewatwer or river outfall. 

A. hydA.ophi_.La is a pathogen of fish and, occasionally, of homeothermic a
nimals, including man. Some epidemiological relationships between the infections 
produced and the presence of this microorganism in recreational waters are observed. 
Therefore, it is very important to study the presence of this microorganism in 
sediments and seawater as well as shellfish, living in those environments, because 
there are some sanitary hazards for the comsumer population. 

The distribution of A. fu;dA.ophi_.La in seawater, shellfish and sediments 
was studied in the area affected by the outfall of the Guadalhorce river (Malaga. 
Spain). Five sample stations, at different depths, were chosen: the depth of 
two of them is lower than 2 m, the depth of the other two ranges 2 to 5 m and 
the depth of the fifth is up to 10 m. The sampling was carried out over one year. 

The Most Probable Number of A. hydA.ophi..J..a per 100 ml or 100 g, was 
obtained by means of multiple tubes technique (4), using alkaline peptone water 
(5) as culture medium. The positive tubes were plated on rnA agar (6). Identifica
tion as A, h~jdlll)phi-'.a of suspected isplates were carried out following the criteria 
established by Popoff (7). 

The results indicated in figure 1 show that the annual evolution 
of A. hydA.ophi.).a concentrations , in the three ·kinds of samples is almost parallel. 
The highest levels were obtained in sediments and the lowest in seawater, in 
agreement with the results of Kaper (2). 

On the other hand, . the concentrations of this microorganism follow 
a seasonal oscillation with a winter minimum and two maxima in summer and autumn, 
with values of 4. 50E2/100 ml, 1.10E4/100gand 1.10E5/100 g in seawater, shellfish and 
sediment, respectively. 

The average counts obtained in sediments were 2 or 3· orders of magnitude 
higher than those obtained in seawater, and 1 order of magnitude higher than those 
obtained in shellfish. 

The high concentrations of A. fu;dA.ophi..J..a observed in shellfish and sedi
ment and the possible relationship with food-borne toxi infections makes necessary 

~~=l~~~=~~eration of this microorganism as an indicator of the sanai tary quality of 

rtGURf': I. O~ns:itic:; or ~~~P.:t~~~ by mont.h:; (rom •w••:atrr, shellfish 
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SUMMARY. 
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Resistance of coli forms, fecal streptococci, 5aJmonella ~Jpp and 'i'>1eudomona-'1 
ae.A..uf}i.no.1a strains isolated from coastal waters to the following heavy metals were 
studied: cadmium, chromium, mercury, lead and zinc~ The results obtained show 
that the highest degrees of resistance to the mentioned metals appear for 'i'. avw~r-

no-'la strains and the lowest ones for fecal streptococci and 5aJmoneU..a 4pp. 

TEXT. 

The increase of heavy metal resistant strains, isolated from different 
environments contaminated by metals, suggest a selective pressure of these contami
nants on the microorganisms (1,2,3). Jones and Cobet (4) propose metallic ions 
as an important factors in the inactivation of microorganisms in the marine envi
ronment. Transferable metal resistance and resistant strains selection could be 
the main causes of the higher isolation frequency of heavy metal resistant strains 
in the marine environment. 

We studied the heavy metal resistance patterns in seawater isolates of 
coli forms, fecal streptococci, 5aJmoneU..a -"PP and 'P-1eudomonCM aeAllfl.-Uto.oa . The sam
ples were obtained on coastal waters near Guadalhorce river mouth and on sewage
polluted beaches in Malaga (Spain). The isolation of coliforms, fecal streptococci 
and 'i'. aeAllfJ.-Uto-"a was made by the membrane filtration technique (5) on m-Endo broth, 
m-Enterococcus agar (5) and mPA-D agar (6), respectively; and by the method pro
posed by Moriiiigo et al. (7) for SaJmoneU..a .opp • Heavy metal susceptibility tests 
were carried out according to the agar dilution method (8). 

The results obtained are summarised in table 1, where thP concentration 
of each metal that inhibits a 90% of strains of each group is shown. 'i'. aVLufl.-Uto-<a 
has a higher resistance level to metals than other microorganisms, with minimal 
inhibitory concentrations about 4 to 16 fold higher, according to the metal and 
microorganism considered. 

All the mici--oorganisms presented the same minimum inhibitory concentra
tion (M. I. C.) to lead. The tolerance profiles for the other four metals are 
different between the several groups, these MIC ranges are relatively extensive 
in most of the cases. 5aJ.moneU..a -<pp and fecal streptococci have very similar resis
tance patterns, resisting the same concentrations of cadmium and mercury. 'P. aeA.Ur;)._no
-"a and coliforms resist higher concentrations of all metals than the other two groups 
show, finding the highest in 'i'. aeA11.fl.-Uto-'1a. 

Only the MIC to mercury presented a bimodal distribution, with two 
peaks, being 2 and 64 f'g/ml for '1'. aVLufJ.-Uto.oa, 1 and 8 for coli forms and l and 4 for 

SaJ.moneU..a "PP· 

In general, a heavy metal resistance scale of the studied microorganisms 
could be esteblished in the following way: 'i'. aVLufJ.-Uto-<a >coli forms> fecal strepto
cocci :: 5aJmone.U.a -"PP· 

The ·detected MIC values are always higher than the metal concentrations 

in the water samples studied. Thus, we can suppose that the metals do not exert 
a selective pressure on the microorganisms considered in this ar~a. 

TABLE 1. Metal inhibitory concentrations for more than 90% of strains belonging 
to each microorganism group <_fg/ml). 

MICROORGANISMS METAL 
(Assayed salt) Coliforms Fecal Strept. 5aJmoneU..a -<pp 'P. aeAllfl.-Uto-<a 

Cadmium ( CdC1
2

) 

Chromium (K
2
cro 

4
) 

Mercury (HgCl
2

) 

Lead (Pb(CH
3

-C00)
2

) 

Zinc (ZnSO 
4

) 
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Nul ne conteste que les concentrations salines de l'eau de mer non seule-

ment ne nuisent en rien a l'activite de Ia tryptophanase generatrice d'-

indole,mais qu'elles constituent au contraire des facteurs favorables.Cer-

taines bacteries ne deviennent indologt'mes qu'en milieu sale a Ia concentra-

tion de l'eau de mer.ll existe meme deux bacteries hyperhalophiles produc-

trices d'indole sur Jes 5 jusqu'ici identifiees: Halobacterium salinarium,et 

H. marrhuae. Une autre bacterie marine assez singuliere, puisque biolumi-

nescente, possede egalement Ia tryptophanase,il s'agit de Photobacterium 

harveyi. II en resulte que le 1/10 erne des bacteries halophiles strictes, 

dont 7 Vibrions, se revelent indologenes. La proportion ·est modeste. 

Les bilans dresses en prenant en compte les bacteries euryhalines sont 

par contre beaucoup plus impressionnants. L'interet est retenu par le 

fait que les plus representatifs appartiennent aux hotes de l'intestin de 

l'homme et des animaux vertebres ou invertebres,donc indicateurs de 

pollution fecale et eventuellement pathogenes pour l'homme et bon nom-

bre d'animaux.Ainsi se presentent les :Clostridium perfringens et Cl. 

botulinum de type E,espece specifique des poissons,des sediments ma-

rins et fluviaux et meme lacustres. 

Viennent ensuite 1es Enterobacteries avec une quinzaine d'especes et des 

vibrions tels que V.cholerae, V. parahaemolyticus,enfin 7 sur 8 Aeromona>= 

D'autres bilans consacres aux bacteries autochtones du milieu marin :Jer-

mettent le recensement d'une trentaine de germes indologenes. La plupart 

appartienner.t aux groupes des chromogenes ( Xanthomonas et Flavobacte-

rium.On trouve quelques Phytobacterium et un Actinomycete (A. baudeti) 

Les etudes ont d'autre part porte sur l'enzymologie des sediments pro

fondS,cotiers ,et sur des sables de plages selon des techniques deja pu -

bliees. La production d'indole par un sediment mis en presence de trypto-

phane est un signal d'alarme invitant a approfondir les investigations en 

les orientant vers Ia recherche specifique de bacteries indesirables. 

Des methodes simples et peu couteuses permettent de mesurer rapide-

ment l'activite tryptophanasique des echantillons et d'en tirer un 

certain nombre de consequences .I L est inutile de se livrer a des denom-

brements fastidieux dont on connait les incertitudes .I L est plus aise de 

suivre !'evolution de Ia contamination qui sera tantot passagere ,acciden· 

telle , tantot ;ce qui est plus inquietant,constante. Une telle recherche 

sera associee a celle de !'acidification du lactose,; de Ia production d'-

H2Saux depens de Ia cystine,de Ia proteolyse et de Ia redution des ni

trates. L'ensemble de ces epreuves. faciles a automatiser, aboutit a !'eta-

blissement d'une "Fiche de Sante" d'une plage,d'un sediment ou de va-

ses d'une zone conchylicole .. L'indologenese etant une propriete majeure 

de£ germes polluants' eventuellement pathogenes 'du microbisme intestinal 

de l'homme et de tous les naimaux, il est souhaite de Ia voir plus aJTiple-

ment appliquee dans Ia pratique de surveillance sanitaire d'un environ-

nement frequente par les amateurs de sejours balneaires 
1 

et des regions 

a vocation conchylicole en general. 
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SUMMARY. 

The objective of this study is to determine the rate of disappearance 
that indicator microerganisms of fecal pollution suffer when they are discharged 
through submarine outfall, with the purpose of evaluating their security in the 
determination of submarine outfalls efficency. It is deduced from the data that 
the microbial die-off rate is determined principally by physical factors. 

TEXT. 

The microbial ,inactivation process in the marine environment occurs by two 
different processes:' physical dilution by,dlapers:i on and biological inactivation. 

The outfall studied is situated in Fuengirola (Malaga-Spain). The technique 
described by Pearson (1) and modified by Borrego (2) was used for this study. T90 
experiments were carried out during July and August 1985. 

The following analyses of indicator microorganisms were carried out in all 
samples: Total Coliforms, Fecal Coli forms, Fecal Streptococci, using the techni
ques and the culture media according to "Standard Methods" ( 3) , for the analyses 
of sulphite-reducers Clostridia the technique described by Bonde (4) was employed 
and for coliphages determination the MPN method (5) was used together with direct 
count double-agar layer technique (2). 

The initial dilution was determined by counts of the different microorga
nisms taken from the beach pump house and in the effluent on the sea surface. The 
initial dilution results are given in Table 1. From considerations of this initial 
values it can be deduced that the upwelling is affected by precipitation phenomena 
inactivation process and subsuperficial dispersion, all of them exerting a decrea
se on the microbial concentration and therefore, increased the initial dilution. 
They are these processes which mark the differences between the different microor
ganisms analyzed. 

The T90 values were obtained from the linear correlation equations of the 
concentrations of the parameters studied and the tracking-times (2). The T90 va
lues appear in Table 2, together with the T90 significative values for each expe
riment. 

The differences between T90 values obtained for microbiological indicator 
parameters, are not very important, the dilution process being the most important 
factor responsible for the microbial disappearance in the area near the effluent. 

TABLE 1. Initial dilution values by applying the proportion between sewage 
and superficial effluent microbial concentrations. 

Initial dilution values 

Experiment T.C. F.C. S.F. Csr Ph 

150.0 19.6 94.0 100.0 80.5 

366.0 95.6 206.0 29.3 

198.0 1.4 108.0 61.5 8.7 

136.0 388.0 60.5 246.0 208.0 

Average 213.0 126.0 117.0 135.0 82.0 

T.C. Total Coliforms Csr sulphite-reducers Clostridia 

F.C. Fecal Coliforms Ph G'oliphages 

S.F. Fecal Streptococci 

TABLE 2. T90 values of indicator microorganisms for each experiment. 

T90 values (minutes) 
Microorganisms Exp.1 Exp.2 Exp.3 Exp.4 T90 in all 

Total Col iforms 14.20 15.72 6.56 6.02 16.3 

Fecal Coliforms 11.50 12.30 6.21 7.62 12.9 

Fecal Streptococci 8.81 24.23 7.17 8.25 13.3 

Sulphite-reducers 11.50 10.25 9.28 11.5 C.lostridia 

Coliphages 9.~9 22.47 7. 70 8.38 18.1 
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IMPORTAIICE DE LA Nll'lERATION DES CoLJFORMES TOTAUX 

DANS LE CLASSEMENT SANITAIRE DES EAUX DE BAIGNADE EN MER 
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Salon les recommandations de la Directive Europ8enne du 8.12 .1 975 ( 1), le cant rOle 
sanitaire des zones de baignade en mer est essentiellement base sur les recherches des 
coliformes totaux (C.T.), coliformes fecaux (C.F.) et streptocoques fecaux (S.F.l. A 
partir des 7299 valeurs bact8riologiques provenant de 2433 pr818vements effectues sur 
144 plages du littoral des Alpes-Maritimes, 11 a ete recherche le modele de distribution 
des populations en C. T •• C.F. et S.F. AprE!s application du test de Box et Cox (2) aux 
diffBrentes valeurs X, il a 8t8. montr8, du fait que A est tres proche de zBro, que la 
meilleure transformation qui normalise las donnees est log X..._ Une fois las donnees brutes 
transforrn8es la recherche de corr8lations statistiques entre les diff8rents couples 
de descripteurs (C.T.-C.F.,C.T.-S.F.et C.F.-S.F.) a mis en evidence des coefficients 
hautement significati fs (P=0,001). Parmi les 3 couples correles, c' est le couple C. T .-C.F. 
qui presents la liaison la plus intense (r=0,87l. Les deux autres couples de descrip
teurs ontune intensite de liaison a peu pres equivalents (r=0,75 pour C.F.-S.F. et r=0,72 
pour C. T .-S. F.). Pour illustrer ces rBsul tats. nous avons soumis !'ensemble des valeurs 
bacteriologiques a 1' analyse des compos antes principales. Les calculs ant lite effectues 
a partir de la matrice de corrElation. La position des axes descripteurs par rapport aux 
aeux premiers axes principaux est port Be dans la figure 1. Sachant que 1' angle entre 

Figure 1 

POSITION OriS AXES DESCRIPTEURS I?AR RAPPORT AUX UEUX PREMIERES COMPOSANTES PRINCIPALES 

les axes descripteurs donne la corrBlation entre descripteurs. il est remarquable de voir 
combien le couple C.T.-C.F.est bien correle. Les correlations entre C.T.-s.F. et C.F.-S.F. 
sent nettement mains bonnes. II Sst: done logique de penser que les informations obtenues 
par les recherches simultanees des C.T. et C.F. sont redondantes. En effet, l'incidence 
de la non-utilisation des numerations des C. T. dans le classernent sanitaire des eaux de 
baignade est faib_le, Ainsi en 1984, sur 144 points contr518s, seulement six lieux de 
baignade classes normalement en categorie c changent de categorie lorsque les valeurs 
des C. T. ne sent pas prises en compte: deux points pas sent en categorie A, les quatre 
autres en categorie B (3). En 1985, un seul lieu de baignade classe normalement en B 
passe en classe A quand les valeurs des C. T. ne sant pas incluses. La compa-
raison des pourcentages obtenus pour chacune des catEgories met en evidence, corrme le 
montre la figure 2. une quasi Bgali t8 du nombre des zones de baisnade dans les classes 
A, B .. C et D. Aussi, compte tenu du peu d'incidence de la non-prise en compte des C. T. 

Figllre 2 
COMPARAISON DES CLASSIFICATIONS- LORSQUE LES COliFORMES TOTAUX SONT PRIS OU NON EN COMPTE 

54!55% 

~ un• c.r. 

l•veec.r. 

J984AJ9e' 19840 

sur le classement sanitaire des eaux de baignade en mer, de leur faible signification 
8calogique .. de leur bonne corrBlation avec las C.F., le probl8me se pose de savoir s 'il 
est opportun, vu par ailleurs la charge finaoci8re i,mportante que represents le dBnombre
ment des C. T •• d'en poursuivre la recherche. 
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Introduction 

This paper reports the results of 3-year investigation aiming at assessing 

the microbiological quality of coastal area of Split (Central Adriatic). The bacte

riological paremeters were investigated in the framework of our participation to I<HO/ 

UNEP MED POL Phase II Project, concerning the coastal water quality control in the 

Mediterranean sea. 

Materials and Methods 

The monitored area includes coastal waters of Split area in the Adriatic sea, 

from the easternmost part of the Kastela Bay (Vranjic basin) to Stobrec (Fig.l.). 

10 sampling stations were monitored every two weeks during the sumner season 

and every 2-3 months in the other periods of the year. 

The bacteriological indicators of pollution (total coliforms, feacal colifo

nns and faeca 1 streptococci ) . were determined according to WHO/UNEP standard 

methods. (1, 2, 3). 

StobreC 

Fig. l. Monitored area 

Results and Discus ion 

The coas ta 1 sea of the area of Sp 1 it has continuously been under influence of 

faecal pollution. Figure 2 shows the geometric means (space between each couple of 

vertical bars) and the corresponding 95% confidential limits (vertical bars) for 

each of the monitoring stations where all the three bacteriological parameters 

( tota 1 co 1 iforms, faeca 1 col ifonns and faeca 1 streptococci} were considered. 

The Vranjic basin (station 1) 

and town port (station 5) are the main 

sources of pollution since municipal 

sewage effluents are deposited there. 

The adverse effects ori gi nat i ng from 

these areas are reflected on all the 

bathing areas to wich they are very 

close. Due to the closeness to pollu

tion sources and flow regime the 

bathing areas of Zvoncac (station 4) 

and Bacvice (station 6) are the most 

threatened areas. 

The data from 213 sea seawater 

samples were statistically worked out 

for each parameters. Positive correla

tions between tot a 1 co 1 i forms and 

faecal co 1 i forms ( r= 0. 90}, between 

tot a 1 co 1 iforms and faeca 1 streptococci 

~ :~ ~ 
l ' I 

~ 

:~ t 
~ I I 

~ 

( r.:;: 0. 89) and between faeca 1 co 1 i forms ~ 
and faecill streptococci (r= 0.97) were 2 J , 5 6 1 s 9 10 

established. The corresponding regre

ssion lines are presented in Fig.3. 
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FATE OF THE MICROORGANISMS DISCHARGED THROUGH SUBMARINE OUTFALL 

1 I. DISAPPEARANCE OF PATI-KXJENIC MICROORGANISMS 
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Departamento de Microbiologia, Facultad de Ciencias, 
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The objective of the present study was to determine the disappearance in the 
marine environment of the pathogenic microorganisms most frecuently detected from 
sewage discharged through submarine out.fall. The results obtained indicate that the 
Pearson technique ( 1} is not the most sui table one for inactivation process studies 
of pathogenic microorganisms. 

TEXT. 

Microbial survival studies of pathogens in the marine environment are a use
ful way to know the confidence degree that the indicator microorganisms of fecal 
pollution give. 

The sampling zone is located in the marine area affected by sewage dischar
ges from a submarine outfall, situated between Punta de Calaburras and Fuengirola 
harbour (Malaga-Spain). The pathogenic microorganisms techniques and culture media 
used are: Staphylococcus aureus, membrane filtration (2) and BFR-0 (3) as enumera
tion medium. Pseudomonas aeruginosa, membrane filtration (2), and mPA (4). Candida 
albicans, membrane filtration (2) and mCA (5). Salmonella sp, multiple tubes and 
MPN method; the NRlO(lO) (6) is used as an enrichment broth. 

The T90 values were obtained from the linear correlation equations of the 
concentrations of the pathogenic microorganisms studied and the tracking-fimes ( 7). 
The T90 in all values obtained appear in Table l, together with the T90 significati
ve values for each experiment. 

The ''in situ 11 inactivation study of the pathogenic microorganisms using 
Pearson technique has the following problems: (A) pathogenic microorganisms concen
trations detected in seawater are much lower than those for indicators and therefore 
one must not use the same tracking-times. (B) If all values equal to 0/100 ml 
included to make the linear regression, one obtains overrated T90 values. 

It can be concluded that the time intervals used in the present study 
not the most sui table in order to aknowledge survival of pathogenic microorganisms 
in seawater; we propose the following ones: 0, 5, 10, 15 and 30 minutes. 

A more serious control over Staphylococcus aureus is recomended, as it pre
sents a high resistance to autodepurating factors in the marine environment. 

The use of Pearson technique ( l) is not considered as the most sui table for 
the study of microorganisms inactivation, due to their rapid disappearance because 
of dilution, wich makes their tracking very di fficu1t. 

More trustworthy results about the inactivation of microorganisms in the ma
rine environment, can be obtained by using diffusion chambers or laboratory experi
ments. 

TABLE 1. T90 values of pathogenic microorganisms for each experiment. 

T90 values {minutes) 

Microorganisms Exp.l Exp.2 Exp.3 Exp.4 T90 in all 

Staphylococcus aureus 14.9 33.8 17.06 66.65 30.48 

Pseudomonas aeruginosa 6.75 14.9 3.61 15.38 11.36 

Candida albicans 34.9 7.53 7.14 22.72 

Salmonella sp 6.15 12.5 6.49 9. 79 8.02 
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MICROBIAL STANDARDS OF WATER POLLUTION AND HEALTH HAZARDS 

ASSOCIATED WITH THE CONCENTRATION OF PSElJDa'IONAS AERUGINOSA IN BEACHES 

A. DE VICENTE, J.J. BORREGO and P. ROMERO 

Departamento de Microbiologia, Facultad de Ciencias, 
Universidad de Malaga, Malaga (Espana) 

SUMMARY. 

The frequency of ?.-1e.udomonM aeA.Llr;.i..rto-1a hazardous concentrations for swim
mers in beaches are closely related with the levels of the indicator microorganisms 
of fecal pollution (Total Coliforms, Fecal Coliforms and Fecal Streptococci). 
The potential health hazard of infective concentrations of 'P. aeAu!f-Ul.o<Ja is lower 
than 15% in beaches that fulfil the following sanitary standards: TC50 < 1000 cfu/ 
100 ml and FC50 and FS50 < 100-200 cfu/100 ml. 

TEXT. 

The major source of f>-1eudomonGA ae.;wg,A.n.o.-1a in natural surface waters is 
domestic sewage (1,2,3). Its isolation in these waters is associated with the 
degree of fecal pollution (2,3). The hazard of 'P. aeAU!f-Ul.o<Ja ear infections associa
ted directly' with swimming is what gives special importance to the study of this 
bacteria in recreational waters (2,4). Thus, Hoadley proposed that when the 
level of 'P. aeAu!f-in.o<Ja in swimming waters is above 100 cfu/100 ml, swimmers are ex
posed to infective doses for ear and eye infections ( 2) . 

The seawater samples were obtained from 15 stations located in beaches 
near Malaga (Spain). The microbial counts were made by the membrane filtration 
method (5) employing m-Endo broth, m-FC broth, m-Enterococcus agar (5) and mPA-D 
agar (3) for TC, FC, FS and f'. '"'Jtugj.no<Ja, respectively. 

The frequency of 'P. aeALL!f-in.o<Ja hazardous concentrations for swi<nmers in 
beaches are closely related with its levels of fecal pollution. A significative 
correlation is observed (p < 0.001) between the logarithm of median values of 
microbiological indicators and the probability of 'P. aeAugj.no.-Ja infective concentra
tions in studied beaches. The highest infection hazards by f'. aeAUgj.no<Ja are asso
ciated with the beaches with the most deficient health quality (table la). 
In beaches. fulfil ing the most usual standard values of health quality in swimming 
waters (TC50 < 1000 cfu/100 ml and FC50 and FS50 < 100 cfu/100 ml), the corresponding 
probabilities of fJ. ae.ll.ufjl..no.-:Ja infect"ive levels are lower than 15%. On the other 
hand, the use of values higher in one order of magnitude means hazards about 30% 
(table lb). 

The probability of ?. aeA..UQ..i...n..oAa hazardous concentrations in a determined 
seawater sample is very low (2%) if the concentrations of the bacterial indicators 
in this sample are lower than 10000 TC/100 ml or 1000 FC or FS/100 ml. Unlike the 
samples with values higher than these levels, which present infective concentrations 
of 'i'. aeAUgj.no<Ja about 70% (table 2). 

These results are in agreement with those of other authors (4,6), which 
find a high number of otitis cases in swimmers, if the fecal pollution levels of the 
beaches are higher than the mentioned standards of health quality. So, it is possi
ble to assume that the analysis of the cited indicator microorganisms of pollution 
and the use of health criteria based on these microorganisms would reduce the 
potential health hazard associated with the f'. aeAugj.no.-Ja infections in swimming 
waters. 

TABLE l. Relationship between XX50 values of indicator micr"organisms and the 
probability of 'P. aeAUgj.no<Ja infective concentrations. 

T bl l a e a. Table lb 

PROBABILITY OF PROBABILITY OF 
>'P. aeAU!f-in.o<Ja 

XX50 INDICATOR VALUES STANDARD 'P aew.5f-Uto-1a 

100 cfu/100 ml 
{ cfu/100 ml) PARAMETER CONCENTRATION ioo cfu/100ml 

(%) TC50 FC50 FS50 ( cfu/100 ml) (%) 

7 .OEl TC50 
10000 34 

10 3.5E2 l.lE2 
1000 15 

50 4.5E4 7.5E3 3.5E3 
FC50 

1000 27 
100 9.5 

90 6.6E6 5.5E5 l. 7E5 
1000 33 

FS50 
100 11.5 

TABLE 2. Percentages of samples with f'. aeAUgj.no<Ja infective concentrations respect 
to the fecal pollution level. 

INDICATOR INDICATOR NUMBER OF 'P. aeAUs;).n.o<Ja HAZARD 
MICROORGANISM CONCENTRATIONS SAMPLES CONCENTRATIONS (%) 

<1000 20 o.oo 
TOTAL COLIFORMS <10000 56 l. 79 

>10000 62 70.97 

<100 23 0.00 
FECAL COLIFORMS <1000 44 2.27 

>1000 66 66.67 

<100 17 0.00 
FECAL STREPTOCOCCI <1000 50 2.00 

>1000 72 63.89 

This work was supported by C.A.I.C.Y.T. grant number 1158/81 from Ministe
rio de Educacion y Ciencia of the Spanish Government. 
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HEPATITIS A VIRUS CONCENTRATION FRO"! WATER 
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Hepatitis A is the first waterb-orne disease in the U.S.A. (I) and many out
breaks due to contaminated water have been reported. In order to decrease the risk of 
epidemic, current hepatitis A virus (HAV) detect:on in wat~r ar~ nePded, "·hich is only 
pos:;.ible after concentration by an efficient method. 

In the adsorption-elution method (2) we describe, HAV was firstly adsorbed 
on microporous membrane, then eluted from the filter. In a second-step, eluted viruses 
were further concentrated by precipitation either with polyethylene-glycol (PEG 6000) 
(2) or by organic flocculation (3). 

For every experiment, 30 liters of distilled water containing 0.15 M NaCl 
were seeded with about 105 tissu cultures infectious dose 50 7. (TCIDso) of cell 
culture adapted HAV-strain CF 53 (4). The sample was then adjusted to pH 4.0 before 
filtration through two nitrocellulose membranes (one with 1.2 llm porosity over one 
with 0.45 ~rn porosity). Adsorbed HAV was eluted with 80 ml of 3% beef-extract at 
pH 8. 5. The eluded viruses were further concentrated : 

-by addition of PEG 6000 to a final concentration of 10% (wt/vol.) and 
2.3 7. NaCl. After 12 hours at 4°C, the precipitate was collected by centrifugation 
(IO,OOOxg, 30 min.) and the pellet suspended in 3 ml of PBS. 

- or by organic flocculation by adjusting the eluate at pH 3. 5 and stirring 
slowly for 20 min. at room temperature. The resulted floc is collected by centrifuga
tion (3,000xg, 15 min.) and the pellet suspended in 3 ml of 0.15 M NazHP04 '. 

HAV was detected by solid phase radioimmunoassay (RIA) according to Purcell's 
procedure (5) and quantified using two enumerative assay procedures : RIA-endpoint 
titration for hepatitis A antigen (HAAg) (using the P/N value of 2. I as endpoint 
titration) and cell culture titration for infectious virus (expressed in terms of 
TCIDso/mll. Recovery percentage is the ratio between the sample titer after the second
step concentration and the initial HAV titer. 

tests. 
Results are summarized in tables I and 2, and were analysed by statistical 

Table 1. Recovery of HAAg and infectious HP.V from 30 1 iters of water after 
adsorption-elution and PEG 6000 precipitation 

% Recovery 

HAAg Infectfous HAV 

Mean and Standard Deviation 85.9 t 8.5 92.2 t 22.3 

Number of Experiments 14 

Concentration factor 10,000 

Table 2. Companson between the two second-step concentration methods 

% Recovery 

PEG 6000 Organic Flocculation 

HAAg Infectious HAV HAAg Infectious HAV 

Mean and Standard Deviation 91.0 ± 5.4 78.7 ± 16.2 34 7 ± 13.4 20.3 ± 11.0 

Number of experiments 

Concentration factor 

Statistical studies shows : 

10,000 

- no significant differences between the HAAg and infectious HAV recovery efficiencies 
(t-test ; P<0.05). 

- significant differences between the PEG 6000 precipitation and organic flocculation 
(t-test ; P<0.05). 

HAV can be efficiently concentrated by this method from large volumes of 
seeded water. Comparison of the two second-step concentration methods pointed out the 
higher efficiency of PEG 6000 precipitation. Such a method can be applied to follow 
up HAV contamination of drinking water, but further studies are needed to detect HAV 
in seawater. 
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De puis lee premieres recherches, soi t de puis 1 'annee I968, il s' est 
accumule jusqu 1 a ce jour, sur la presence des virus enteriques dans l' eau de 
mer, un grand nombre de donnees qui indiquent la detection de ces agents pa
thogenes pour l'homme dans plusieurs zones du littoral de la mer Mediterranee 
et des autres mers et oceans. 

L'intensite de la pollution virale des eaux littorales est elevee, allant 
quelquefois jusqu'a la totalito des echantillons examines, avec des densites 
virales sou vent importantes, aussi bien daus l' eau que dans les s€diments et 
les mollusques. 

La propagation de ces vL·us dans les eaux li ttorales se reflete dans 
l'apparition de nombreux cas d'hepatite virale et de gastro-enterites abacte
riennes, a la suite de la consommation de mollusques. L'implication de l'eau 
de mer comme telle dans la transmission des viroses enteriques est difficile a 
evaluer du fait des caracteristiques epidemiologiques de ces maladies : rarete 
relative des cas de mala die manifeste par rapport au nombre des cas d 1 infec
tion depourvue des symptomes de mala die, polymorphisme de 1' aspect clinique 
des maladies causees par un meme virus, comme aussi le fait qu'un meme syndro
me de maladie peut etre du a des virus differents. 

La presence des virus enteriques dans 1 1 eau de mer s' est averee de longue 
duree dans beaucoup de cas. Cette persistance est plus longue dans les sedi
ments marir.s que dans 1' eau de mer. Les mollusques peuvent egalement garder 
pendant longtemps les virus enteriques dans leur organisme. Dans ce processus, 
le phenomene d'adsorption des virus sur lea sediments marins, a effet proter-
teur pour les virus' JOUe un role important. En dehors de 1. adsorption' qui 
constitue l'un des facteurs les plus important dans le maintien des virus dans 
1' eau de mer, la survie des virus dans ce milieu est favorisee par de nombreux 
autres facteurs : temperature basse, composition (le pH tres proche de la neu
tralite, presence des cations favorisant !'adsorption des virus sur les parti
cules soli des' presence de matiere organique a role protecteur pour les virus)' 
presence de mollusques. 

La limitation de la survie des virus, voire leur inactivation, est attri
buee a plusieurs facteurs :temperature elevee, pH trop bas ou trop eleve, ir
radiation solaire importante, certaines substances de provenance microbienne 
(enzymes· proteolytiques, MAVA .:. marine antiviral activity, VIC - virus inacti
vation capacity). 

La survie des virus est generalement plus courte dans 1' eau de mer que 
dans les eaux douces, meme si la salini te de 1' eau de mer ne semble pas jouer 
un role important. 

Il faut encore ajouter que, contrairement aux bacteries intestinales qui 
peuvent se multiplier dans certaines conditions de temperature et de composi
tion de 1' eau de mer, les virus enteriques ne se multiplient generalement pas 
en dehors de la cellule vi vante receptrice. Ces virus parvenus dans 1' eau de 
mer ne se multiplient done pas, mais, au contraire, diminuent progreseivement 
en nombre, en rapport avec l'intensite des facteurs en question. 

En comparaison avec lee bacteries coliformes, lee virus persistent plus 
longtemps dans 1' eau de mer gr§.ce a leur plus grande resistance aux facteurs 
nocifs dans ce milieu. Les distances jusqu • ou 1' on peut detecter les virus 
dans l'eau de mer sont plus grandes que pour les bacteries colii.formes. 

La possibili te de l'inacti vation des virus dans 1' eau de mer pose, tel un 
corollaire, le probleme de l'autoepuration de celle-ci. Cependant, tout comma 
l'autoepuration bacterienne qui est un phenomena complexe, quelquefois de lon
gue duree, l'autoepuration virale est, elle aussi, un processus souvent lent 
et prolonge, mais reel. Certaines de nos pro pres observations attestant cette 
possi bili te. 

En tout cas, dans le processus de l'autoepuration virale de l'eau de mer, 
il intervient une s€rie de facteurs dent les uns sont communs avec ceux de 
l'autoepuration bacterienne. La resistance des virus enteriques, plus grande 
que celle des bacteries, a l'egard des divers facteurs nocifs dans le milieu 
hydrique marin, est egalement un facteur important dans 1 1 autoepuration virale 
de l'eau de mer. 

Le controle de. 1' autoepuration virale et de 1' etat de purete en general 
de 1' eau de mer, en ce qui cone erne les virus, peut s' effectuer par la moni to
risation virale de celle-ci dans des situations epidemiologiques QU elle s'im
pose. Mais alors il faut aussi poser le probleme des bio-indicateurs de l'eau 
de mer. 

Bien gu'une bonne partie des aspects du probleme ait deja ete etudiee, 
certa.ines 9r€cisions restent encore a fournir. 
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Si la recherche des Enterovirus dans les eaux usees est faite classiquement 
par inoculation sur cultures cellulaires, la detection des Adenovirus et du virus de 
l'hepatite A (VH.A) doit erre r€:alisee par d'autres moyens. En effet, la mise en evi
dence des Adenovirus sur cultures ce llulaires est rendue diffici le quand ces derniers 
a effet cytopathique (E.C.P.) lent se trouvent en comp€tition avec les Enterovirus 
a E.C.P. rapide (1). La recherche ce VHA, quanta elle, est tr€s difficile 3 faire 
en routine sur cultures cellulaires (2, 3). Ainsi, pour avoir une idee r€elle de la 
presence des dif f erents groupes de virus dans les eaux usees, i 1 est n€.cessai re d 

1 
uti

liser une autre technique telle 1' immuno-microscopie €lectronique (I.M.E.). Notre but 
a eteJ a partir d'€.chantillons d'eaux usees ayant montr€ sur cultures cellulaires la 
presence d'Ent!?rovirus, de voir quelles informations complementaires l'I.M.E. pouvait 
apporter sur leur composition vis-3.-vis des Adenovirus et des V.H.A. 

Nos resultats montrent que, sur 12 echantillons d'eaux us€:es analyses, 
l' IME a permis la mise en evidence d' Adenovirus pour 6 d 'entre eux (Tableau l) ; 
dans tous les cas la recherche par inoculation sur cultures cellulaires des Entero
virus a €.t€. positive et celle des Ad€novirus n€gative. Dans le tableau 2 sent inscrits 
pour 15 €:chantillons d'eaux us€es testes, les titres d'Ent€.rovirus et les resultats 
de la recherche de VHA par IME : le tiers des €chantillons d'eaux usees contient du 
VHA alors que les titres viraux trouves 3 partir de cultures cellulaires sont faibles. 

Essai 

10 
II 

4,9 
1,6 

14.0 
20,0 

1)0,0 
14,0 
28,8 
6,7 

30,0 
~o.o 

IJo.o 
100,0 

Tableau 1 

VIRUS RECHERCHE$ 

Ent~rovirus 

sur cultures cellulaires 

NPPUC/litre < L5 

6,2 
2,1 

20,0 
26,0 

160,0 
20,0 
)7,5 
9,5 

50,0 
70,0 

160,0 
140.0 

8,4 
2,7 

27,0 
35,0 

190,0 
27,0 
50,5 
13,5 
ao.o 
96,0 

190,0 
180,0 

Adenovirus 

surculttJres 
cellul.~ires. 

NPPUC/litre 

li : ·Limite inflrieure de confianc:e ), 9S % - LS : Li•ite supfrieure de confianct l 95 % 

NPPUC!litrr : noc:tbn: le plu• probable d'unitfa cytopathiques par litr-e d'raux usfea. 
+ : pr~sence d" Adlnovi rua ; - : absence d' Adinovi rus. 

Essai 
n• 

7 
8 
9 

10 
ll 
12 
13 
14 
IS 

Lj 

4,5 
1,5 
8,0 

12.0 
7,0 
s,o 
s,s 
1,0 
0,5 
4,5 

18,0 
38,0 
32,5 
10.0 
11.5 

Tableau 2 

RECHERCHES 

[nt~rovi rus 

NPPUC/1 i tre Ls 

9,0 17,5 
3,5 7,5 

14,5 25,5 
19,0 30,5 
11,0 17,5 
8,0 13,0 

ll,O 21.0 
2,5 6,0 
1,5 4,5 
9,5 19,0 

27,5 42,5 
49.5 65,0 
47.5 69,0 
17.0 28,5 
19,5 32,5 

f{HA par !EM 

li : Limite 1nf6rieure de confianca A 95 \ J LS : Limite suplfl,riaure de confiance d 9St. 

~PUC/litre : nombre le plus prob<!!ble d't•n1t~s cytopathiques p~r litre d'eoux usees. 
• : presence de VHA ; - : absence de VHA. 

Il faut done, pour avoir un bilan plus complet de la composition virale 
d t Ufl echantillon d I e3UX US€:eS J appliquer deUX methodeS SUr 1 t €:_luat ! 1 I inOCUlation 
sur cultures cellu1aires et 1' IME. Ces deux methodes sont complementaires puisque 
1' IME permet la mise en €:vidence de virus qui ne pouvait pas se faire par le seul 
emploi des cultures cellulaires. L' interet des families virales mises en €vidence 
n' est pas a n€gliger surtout en ce qui concerne VHA dont la presence d~ns le milieu 
hydrique n' est pas sans danger sur le plan sanitaire (5, 6, 7). No tons 1' importance 
du nombre d' echantillons contenant des Adenovirus et VHA par rapport aux faib1es ti
tres d' Enterovirus trouves dans la majorit€ des cas sur cultures cellulaires. 

Meme si l'IME ne donne que des r€sultats qualitatifs et ne met en oeuvre 
que des structures antig€niques sans savoir pour aut ant s 1 i l s' agi t de part icules 
infect ieuses ( 4), nous pensons, en 'regard de nos r€.sul tats, que 1 'emploi de cette 
tPchnique permet de mieux definir 1 'etat sanitaire d'une eau. 
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M-IV1 
EFFET DE L'HYALURONIDASE SUR QUELQUES BACTERIES DE L'ENVIRONNEMENT 

Evelyn RICHELLE-MAURER et Zima MOUREAU 

Institut Royal des Sciences Naturelles de Belgique, Bruxelles (Belgique) 

Aprea une etude sur la formation de glycocalyx in vitro (1), 
nous nous sommes attachees a rechercher les effets de l'hyaluro
nidase sur Citrobacter freundii et Proteus mirabilis, isoles res
pectivement de l'etang de Virelles et d'un puits du Zaire. 

L'hyaluronidase est ajoutee, a une concentration finale de 
0,1 %, a des cultures de 48 heures de Citrobacter et Proteus, en 
milieu faiblement nutritif (milieu minim~ additionne~de 
peptone et 7 mg de glucose par litre). L'incubation se fait avec 
agitation a 20°C et 35°C. 

L'action de l'hyaluronidase sur lea bacteries est suivie par 
mesure de la densite optique et par dosage du glucose par la me~ 
thode a l'anthrone. 

Lea resultats observes sont lea suivants : 

- a 35°C, des la premiere demi-heure de contact avec l'enzy
me, on observe une augmentation importante de la densite optiq~e 
des cultures alors qu'elle etait restee stationnaire pendant plus 
de 24 heures et qu'elle n'est pas modifiee dans lea cultures te
moins. La croissance se ralentit apres 1h30 a 2h de contact et 
la phase stationnaire s'installe progressivement. 

- a 20°C, on observe le m3me phenomena mais la croissance 
est moins rapide et la phase stationnaire s'installe plus tardi
vement. 

- l'addition d 1 hyaluronidase dans lea cultures de Citrobac
ter intensifie la formation d'agregats, deja visibles dans lea 
premieres heures qui suivent l'inoculation. Nous avons d'ail
leurs observe plusieurs fois que l'addition d 1 enzyme provoque une 
!loculation des cultures. 

- le dosage du glucose au cours du temps, dans lea cultures 
traitees, indique des fluctuations de concentration, contraire
ment a ce qui se passe dans lea cultures temoins. Quelquefois, 
on .observe une legere augmentation du glucose apres 1h a 1h30 de 
contact avec l'enzyme. Mais ce phenomena n'est pas concluant. 

En conclusion : 

- l'hyaluronidase a un effet marque sur la croissance bacte
rienne. Nous avons mis en evidence que cet effet n'est pas dn a 
la presence du mannose dans la preparation de l'enzyme Merck uti
lisee. 

- lea glycocalyx sont toujours presents apres action de l'hya
luronidase comme on peut l'observer macroscopiquement (formation 
d'agregats) et au microscope electronique a balayage. 

- si du glucose appara1t au cours du traitement, lea fluctua
tions pourraient signifier qu'il est consomme au fur et a mesure 
de sa liberation. 

Toutefois, l'hyaluronidase elle-mAme pourrait servir de nu
trient, de m3me que la glucosamine egalement presente dans la pre
paration. 

( 1) Evelyn Richelle-Maurer et Zima Moureau (1986) : Evidence of in 
vitro glycocalyx formation in the bacterial species : Citrobacter 
freundii, Proteus mirabilis and Planococcus sp. Effects of polysac
charases. A paraitre. 

7. SKINK0J P., HOLLINGER L., HOVIND-HOUGEN , LOUS P. ,1979. Infectious liver diseases 
in three groups of Copenhagen workers : correlation of hepatitis A infection to 

s!'wage exposure. Ar•eh. Envimn. HPalth, ~ (3) : 139-143. 
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WJlM - THE WAVE fvbDELJNG PROJECT - ITS APPLICATION IN THE MEDITERRANEAN SEA 

Luigi CAVALERI and Luciana BERI'OTTI 

Istituto Studio Dinamica Grandi Masse, CNR, 1364 San Polo, Venice (Italy) 

Our aim is the compact description of a project actually underway within the 
European Community. The project concerns the development of a very 
sophisticated wave model, and its application to the daily forecast of wave 
conditions all over the world. We are mainly concerned with its application in 
the Mediterranean Sea. 

The wave models, if we neglect empirical formulas and abacus, were born in 
the 1950s, following the increased interest of the sea. Along this line they 
rapidly developed across the first- and second-generation models, the basic 
improvement between the two generations being the various attempts to introduce 
the nonlinearity into the models. So up to the 1970s the various models 
differed from each other for the more or less sophisticated way by which the 
real phenomena of wave generation and dissipation were parameterized into the 
equations. The strongest limit to the introduction of the actual physics, and 
associated mathematics, into the models was given by the computer time 
requirements, much larger than any practical availability. But time passes, 
computers became more powerful and faster, and the problems become more urgent. 
In the early 1980s it was felt that time had come for the development of a new 
generation of models. The demand of hindcast and forecast was steadily ~rowing, 
theory had been developed to a sufficiently high level, the available forces 
were large enough for a direct attack to the problem. 

Since the problem is far beyond the capability of any single group, the 
natural way was to join for a common approach. The overall group was split into 
subgroups, to separately attack the various aspects of the problem. 

The model is now at an advanced experimental stage, submitting itself to 
some extensive comparison between its output and experimental results. While 
only a very compact description is given here, for a thorough discussion 
(including references) the interested reader is referred to Kamen (1986). 

The model can be run on both geographical and cartesian coordinates, whose 
cover and resolution can be chosen directly by the user, the worldwide bottom 
topography being stored on a reference file. Number of frequencies and 
directions can be varied according to the requirements. Generation by wind 
follows Miles' description and later findings, breaking is according to a 
parameterization by Hasselmann. The key point is the actual evaluation of the 
nonlinear interactions among the different spectral components. This is taken 
within acceptabie computer limits following the method proposed by S. 
Hasselmann and K. Hasselmann. Advection is done by an implicit method allm1ing 
a 20' time step to be used. The model has been extensively tested on the GRAY 
X-MP of the ECi~\.JF Center in Reading, U.K. The projects of the Center inc I ude 
the permanent implemem::ation of the WAM model into their system, for a daily 
forecast of the worldwide wave conditions that parallels the weather forecast. 

Within this project, we are mainly interested in the application of WAM to 
the Mediterranean Sea. We consider this the most severe test for the model. 
While weather,in particular wind, and wave foreca~ts a;-e ;-elatively simple in an 
open area as the ocean, they become extremely keen when a topographically 
complicated basin is considered, like the-Mediterranean Sea. Here the winding 
borders, the mountain ranges, the varying water temperature throughout the year. 
the consequently varying air-sea stability conditions, the strong spatial and 
temporal gradients, all stress a model to its limits. 

In the practical approach to such a problem we must be aware of our real 
capabilities. So the actual weather forecast is such that it would be useless 
to use a grid step smaller than 50 km. Simply the input information at this 
scale of the phenomena is not available. This implies some drastic draw backs 
in the output. For many areas of the Mediterranean Sea (e.g., the Aegean Sea) 
this resolution is highly insufficient. On the other hand, even if a better 
meteorological input was available, a higher resolution would be excluded by the 
excessively growing computer time requirements. So, what is the solution? This 
is a quite general problem, as it co;-:c:=rns not only waves, but all the models 
describing the nature, including circulation and weather. In our opinion the 
solution lies in the nested models. While the general model gives the overall 
description of the basin, single details can be exploited by using a local high 
resolution grid using the main output as boundary conditions. Care must be 
taken about the computer time required by a nested grid. One possi bi 1 i ty to 
avoid this problem could be the local use of simpler models, which one depending 
on the situation, the keen physical description of the large model becoming less 
necessary in limited areas. So for the Aegean Sea, with all its small islands, 
the solution could be a parametric model, while, for taking the results to a 
shallow water coast, the ray technique would probably be the most suitable one. 

When wi 11 a wave forecast be avai !able for the r4edi terranean Sea? We expect 
to have the model operative within three years, the actual time being highly 
dependent on the actual effort we will be able to put into it. We hope to 
report definite results at the next CIESM Meeting. 
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THE GIBRALTAR ExPERIMENT 1~5-1~6 

Thomas H. KINDER 0 and Harry L. BRYDEN° 0 

0 NORDA, Code 331, NSTL, Ms 39529-5004 (U.S.A.) 
00 Woods Hole Oceanographic Institution, Woods Hole, Ma 02543 (U.S.A.) 

The Gibraltar Experiment is a study of the dynamics and kinematics of mixing, 
exchange, and turbulence in the Strait of Gibraltar. The major goals of the 
experiment are: 

o Measure the inflow and outflow through the Strait on time scales from seasonal 
to tidal; 

o Elucidate the dynamical control that the Strait imposes on the 
Atl antic-Mediterranean exchange, and specifically assess the importance of rotation 
friction, mixing and nonlinear processes; ' 

o Develop an adequate method for efficiently monitoring flows through the Strait 
such that interannual variability can be measured; and 

o Increase understanding of the effects of processes in the Strait on the 
adjacent bodies of water, the Alboran Sea and the Gulf of Cadiz. 

The study is being conducted by a consortium of scientists from Spain, fo)orocco, 
France, England, Canada and the United States. The field work was planned to provide 
an extensive instrument array in the Strait for one year (October 1985 to October 
1986) with synoptic (mostly shipboard) measurements at various times throughout this 
period. Moored instruments included mechanical current meters, doppler acoustic 
profiling current meters, pressure gages, thennistor chains, and meteorological 
stations. Synoptic measurements inc 1 uded hydrograpghi c profi 1 ers ( CTD), expendab 1 e 
profil ers (XBT), doppler acoustic current profil er, acoustic backscatter sonar, 
microstructure profiler, aircraft synthetic aperature radar and shore based radar. 

We will discuss the data set now in hand and give examples of the early results. 
At this early stage it is clear that a more detailed description of the relevant 
oceanographic fields has been gathered, and that the investigators should make 
considerable progress towards achieving the experimental goals. 

I 



I 

O-II2 
MEDITERRANEAN WATER STRUCTURE IN THE STRAIT OF GIBRALTAR 

G. PARRILLA 0 and T.H. KINDER 00 

c Institute Espanol de Oceanografia, Alcala 27, Madrid (Espana) 
00 NORDA, Code 331, NSTL, Ms 39529-5004 (U.S.A.) 

From 1 stto 18th November of 198.5 about 320 CTD casts were 

made in the Strait of Gibraltar, within the Gibraltar Experiment. 

They were distributed over 5 cross-strait sections and one along 

strait. Each cross-strait 3ection was occupied 4 times, once each on 

two successive semi diurnal tides during both spring a neap tides. 

Each cross-strait .section was timed so that the central station was 

done near high water in Tarifa. The along-strait section was done 

twice. We also did repeated crossings of the Ciris section during 24 

hours twice. All the stations were within 10 m. of the bottom. 

Both mediterranean water masses, Levantine Intermediate water 

(LIW) and Western Mediterranean Deep Water (WMDW) were clearly 

distinguishable in the eastern part of the Strait till very near the 

sill. West of it they lost their individual characteristics, the 

Mediterranean water outflowing in the Atlantic became a single water 

LIW and WMDW in the eastern part of the Strait followed the 

trend that has been found previously in the eastern entrance of 

the Strait (Parrilla et al, 1986). They are located almost side by 

side, the LIW -defined by a salinity maximum- on the Spanish slope 

and the WMDW -characterized by potential temperature lower than 12.9 

°C- on the African slope. The LIW, in general was located between the 

300 and 800 m and the WMDW extended from 300 m to the bottom, 

streching out below LIW. Eastward to the eastern side of the sill the 

distribution it was the same but for the upper limit of the WMDW 

becoming shallower than that of the LIW. The former occupied always a 

larger cross area than LIW in all the cross sections. 

The variations induced by the tidal components did not appear 

to affect substantially the distribution of both water masses, 

neither their clearly discriminable characteristics, but it seems 

that tides affected the spatial situation and cross areas that LIW 

and WMDW occupied. This last effect could be one of the mechanismmes 

for selecting which of both water masses is preponderant in the 

outflow the sill. 

From the along strait sections and a 25 h. time series 

stations on the sill it could be seen that WMDW out flowed over the 

sill (Parrilla and Kinder, 1986) and it seems that the contribution 

of the WMDW to the outflow is larger than that of the LIW. 

Just a few Km west of the sill both water masses had become a 

single water mass, fitting the classical description of the Medi

terranean water mass in the Atlantic Ocean. 

It is noticeable that the mixing processes that convert WMDW 

and LIW in Atlantic Mediterranean water took place in such a short 

distance and probably west of the sill. 
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O-II3 
SEASONAL VARIABILITY OF THE SURFACE INFLOW 

THROUGH THE STRAIT OF GIBRALTAR 

M. BORMANS, C. GARRETT and K.R. THOMPSON 

We investigate the seasonal variability of the surface 

inflow through the Strait of Gibraltar, using historical data of 

sea level, wind stress, temperature and salinity, as well as 

idealised models and simple physical arguments. 

The seasonal changes, deduced from monthly mean sea level 

differences across the Strait, do not reflect il a purely 

barotropic flow as required by mass conservation, iil an 

adjustment, month-by-month, of a two-layer salt-conserving flow, 

or iii) a baroclinic flow that is hydraulically controlled at the 

sill and driven by density changes of the inflowing Atlantic 

Water without changes in interface depth. 

We suggest that the exchange through the Strait is 

submaximal, and that the interface depth changes over the course 

of the year. We attribute part of this change to the baroclinic 

set-u~ and set-down associated with seasonal variations in the 

wind stress, and the remainder to partial draining of the 

reservoir of dense outflowing Mediterranean Water during the 

summer when it is not being formed. 



O-II4 
FIRST RESULTS OF THE TIDEGAUGE NETWJRK IN THE STRAIT OF GIBRALTAR 

Jesus GARCIA LAFUEI<"TE 0
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o Institute Espanol de Oceanografia, Centro Costero de Fuengirola, 
Fuengirola, Malaga (Espana) 

oo Institute Espanol de Oceanografia, Laboratorio Central, Alcala 27, 
Madrid (Espana) 

Tidal heights were recorded in several locations of: the strait of: Gibraltar 

(see location map) during 1984 and 1985 by means of: Aanderaa water pressure 

sensors installed at the sea bottom. 

The long series of: tidal data allowed us to resolve the more important harmo

nic constants !or each specie (see Table). Tides of wholly semi diurnal cha

racter are determined by the behaviour of: the component ·r~2 ; lines of: equal 

amplitude or cotidal lines are represented in em; lines of: equal phase in de

grees are referred to the Greenwhich meridian. 

The main aspects of: these tides are the 1ast increase of: the tidal amplitude 

as we proceed to the west, this is a characteristic of the antinode of the 

stationary wave typical of: the Western Mediterranean Sea. 

This increase of: amplitude is not uniform, presenting a maximum gradient at 

the·sill of: the Strait of Gibraltar. At the sill, phase is greatly distorsio

ned giving rise to more than 40 minutes delay of: the high water level between 

Ceuta and the bay of: Tanger. 

The physical mechanism of: such a distornioned tide is not quite clear, possi

bly friction is playing an important role as evidenced in the relative impor

tance of the non linear components (shallow water tides) in this area. 

The Strait of: Gibraltar behaves as a nodal line for the diurnal species (main

ly K1 and o
1

), particularly for the second one, which changes its phase almost 

180° inside the Strait. Nevertheless the small amplitude of the various com

ponents of this species, makes them rather unin~eresting. 

In location 8 (cap Espartel) greater amplitudes of: tides are evident and the 

diurnal inequality is clearly exhibited. 

Several of the most important tidal components at the various 

locations of the study. The first column is the amplitude (em) 

and the second one is the phase (degrees). Under each value 

anc in brackets the estimated error is shown. The instrument 

precision is of :!:1 em, so amplitudes less than that value should 

be considered cantiously. 
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CURRENT MEASUREMENTS IN THE SICILY CHANNEL 

M. ASTRALDI 0
, G.P. GASPARINI and G.M.R. MANZELLA 

0 Stazione Oceanografica, CNR, Forte s. Teresa, 

Pozzuolo di Lerici (Italia) 

~ree current-meter chains were deployed in the Sicily 

Chm1nel approximately along ]3 E. 

~e nominal instrument depths were thoght to be 

75, 250, 450 m, which were considered a good choice in (•rder 

to stutly the surface water fluctuations, the core of the 

L evantine water and the dense water below. The high variability 

of the bottom topography permitted to deploy just one chain 

at the programmed depth. 

Sea level and pressure gauges 1;ere Jeployed along and 

across the channel, while a meteorological station was 

functionning aboard a ship anchored in the miJdle of the 

Sicily Channel. 

Jscillations of about 20 minutes were occurring during 

November 85 and were interpreted as oscillations of the 

Sicilian shelf (the so called Jl.larrobbio phenomenon). Sea level 

and bottom pressure showed the same lmv frequency oscillazions 

having a period of about IS days, surely related to atmospheric 

fluctuations. 

'll1e flow seemed higly 2_nfluenced by the bottom topography 

andwas more stable ia L~e northern part of the chan:1el. In the 

middle and souti1ern part the L evantine water shewed. .i.ong periods 

of eastwrru flow. Close to the bottom ·~he· 1·:ater fluxes were 

predominant!)· eastward too. • 
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O-II6 
MEASUREMENT OF INTERNAL WAVES IN THE CHANNEL OF SICILY 

V. ARTALE(lJ, A.R. OSBORNE( 2l, 

L. SANTOLERI(J), A. PROVENZALE( 4 ) and P. TRIVER0( 4 ) 

(1) ENEA-CREA, C.P. 316, La Spezia (Italia) 
(2) Istituto di Cosmo-Geofisica, CNR, Corso Fiume 4, 

Torino (Italia) 
(3) Isti tuto di Fisica dell' Atmosfera, CNR, Piazza 

L. Sturzo, Roma (Italia) 
(4) Istituto di Fisica Generale, Universita, Corso 

M. d 'Azeglio 46, Torino (Italia) 

Internal wave activity has been measured during October 

1985 in the Channel of Sicily in a water depth of 97 meters. An 

AANDERAA thermistor chain was fixed to the NIP Agip platform at 

37° 31' ll" N. 11° 53' 33" E; ten thermistors were placed at 

nominal depths of 3. 13, 23, 33, 43, 53, 63, 73, 83 and 91' 

meters below the surface. Daca were r·ecorded every two minutes 

to resolve the detailed structure of the internal wave field. 

During the same period the vessel N/0 Bannock of the 

Italian National Research Council was deployed in the Sicily 

Channel to conduct the JANUS experiment as a part of the POEM 

project; 1 CTD casts were obtained in the vicinity of the 

platform, indicating a well defined stratification with a 

thermocline at a depth of about 40 meters. 

Time series of temperatures from the moored chain show 

large amplitude internal wave fronts occurring at 24 hour 

intervals. Spectral analysis of the data reveals that the 24 

hour tidal component dominates the motion. while the 12 hour 

comporent is much less pronounced. We suspect that the internal 

fronts are generated by the tidal flow, however the exact 

mechanism is unclear. 

The dominant vertical linear eigenmodes of the data and 

their energy content have also been determined. Power spectral 

analysis of the data shows an f-z spectrum at high frequency. 

Correlations among the signals at various depths have also been 

computed. 

The large amplitudes of the measured internal wave field 

suggest the possibility of nonlinear effects. We plan to study 

this and other similar data using nonlinear models based on the 

Korteweg-deVries equation2 and its generalization3. 3
'

4 The 

methods are a kind of nonlinear spectral analysis previously 

applied in other situations. 5
•

6 
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O-II7 
CURRENT METER OBSERVATIONS IN THE STRAIT OF Qnwrro DURING Fffi4-0-85 

A. MICHELATO 

Osservatorio Geofisico Sperimentale, P.O.B. 2011, Trieste (Italia) 

Two current meter moorings ~<ere maintained in the Strait of Otranto 
from October 20 to November 2, 1985, during the POEM-0-85 cruise. 
A preliminary analysis of the data has sho~<n that the Italian continental 
shelf 11as the location of a quasi-permanent southward flow, 11ith average 
velocities of 9-5 and 5.8 em/sec at 58 m depth and near the bottom 
respectively. 

In the central part of the Strait a t11o-layer circulation was observed. 
In the surface layer the net drift was to the north with an av-erage velocity 
of 5.2 em/sec, whilst in the deeper layers ( 573 and 874 m. death) the flo~< 
was southeastward 11ith average velocities of l. 4 and 7.1 em/sec respecti
vely. 

Current intensification and inertial oscillations ~<ere experienced during 
the passage of meteorological perturbations. Short periods of flo~< reversal 
~<ere also observed. They were caused by strong 11inds and/or wind-induced 
set-ups of Adriatic mean sea level. 
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WATER CHARACTERISTICS IN THE SICILY CHANNEL 

M. ASTRALDI 0
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0 Stazione Oceanografica, CNR, Forte S. Teresa, 

Pozzuolo di Lerici (Italia) 

Hydrological measurements performed during November 

85 and !>larch 86 permitted to define some characteristics 

of the surface and intermediate waters in the Sicily Channel. 

A comparison with the hysterical data showed a low varia 

bility of the characteristics of the intermedi.::~e water acco-

mpanied by a significant seasonal change of the fluxes. 

1he sur:t"ace water presented a very high variability due 

to borizontal movements or eddies reiiated to wind forcings 

and a seasonal deepening. 

Cross channel oscillations seem related to wind forcing 

too, but Levan tine water \,·as never found on the Sicilian shelf 

as supposed in previous work. 

O-II9 

THE STRAITS OF GIBRALTAR, POSSIBLE LOCATION 

FOR A LARGE TIIW. POHER STATION OPERATED BY TI:fli\L CURRENTS 

Felix CANADA 

In continuation of a paper published by us in 1979 on the two 

great currents which superimposed and inverted now circulate in 

the Straits of Gibraltar, as a possible and important energy 

source (which , after intrcducing sane mcrlifications to the 

schemes of the project, has since been proposed to various 

auditoria in several countries), it is proposed to utilise the 

tidal currents generated by the Atlantic tide in t-hP <:~rf>.n of the 

Straits, to drive a large tidal power station, 
1 
~e theoretical 

energy prcx:luction of which would far exceed 1 0 kWh per year. 

For this it would be necessary to build a dyke some 40 km long, 

using a modular system of construction, to house some 12,000 

large turbines and their corresponding gates. 

The two currents circulating at present , the surface Atlantic 

and deep Mediterranean, the s~ 
3 
of the volumes of which is 

estimated at sane 2.35 X 10 m /s (a consequence of the fact 

that evaporation in the .t-1edi terranean exceeds the 
4 3 

contributions received by sane 7 X 10 m /s and the fact 

that salinity in the Mediterranean is constantly increasing} 

would be substituted by alternative currents derived fro~ the 
7 

Atlantic7ti~e, the flCMS of which vJOuld very between 10 and 

1.7 x 10 m Is throughout a semi-period of tides. 

Calculations are made which determine the flow rates which could 

be used through the Straits in the course of a tidal cycle, afte·( 

the construction of the dyke, and its influence on the 

Mediterranean tides, and also the theoretical energy developed 

in a year. TI1e possibility of increasing the flow rate of U1e 

currents and the energy prcx:luced by them is also mentioned, by 

widening the channel of the Strait. The serious technical 

problems to be solved for U1e realisation of the project, and 

the geopolitical problems that could arise, are considered. An 

estimate of the cost of the works is made. 
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REMOTE SENSING 

R. FRASSETI'O ( 1 ) and S. ZECCHETTO ( 2 ) 
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The feasibility of the use of Scatterometer wind and waves monitoring in 
enclosed seas such as the Mediterranean Sea has been demonstrated through the 
research program of the Working Group 11 of EARSEL concerning "The Symbiotic Use 
of Scatt, Alt and SMMR in Semi-enclosed Sea and Coastal Waters". 

The February-March 1986 Ni ldex Experiment with airborne and tower 
scatterometers in the center of the Sicilian channel, has furnished an excellent 
set of data. Ten flights of 3 to 4 hours duration were made with different 
angles of incidence of the scatt-antenna in different sea states and wind 
conditions. 

In situ measurements in the two boundary layers (air-water) were made 
continuously over several weeks. 

The set of data is unique as they cover a 1 arge spectrum reaching 27 m/ s 
average winds and 6.3 m/significant wave heights. 

This experiment serves for the verification and improvement of algorithms 
and for the establishment of the best possible network of in situ measurements 
for the validation and calibrations of the Scatterometers and altimeters of the 
1990 satellites (ERS-1 and NROSS). 

The preliminary results are presented as well as the problems to be solved 
in a second experiment proposed for 1988. 
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O-III2 
RtSULTATS PRtLIMINAIRES CONCERNANT LA DtTERMINATION 

DE LA TEMPERATURE SUPERF!CIEU£ DE L' EAU MARINE 

A PARTIR DES ENREGISTREMENT$ DES SATELLITES NJM 
Adriana POPA 0 et Marinel IOANA 0 0 

0 Institut Roumain de Recherches Marines, Constantza (Roumanie} 
Institut de Meteorologie et Hydrologie, Bucarest (Rownanie) 

Le probleme de la conversion de la radiation en infrarouge en valeurs de temp~ra

ture est difficile et c~mplexe, du ala multitude des facteurs qui interviennent dans le m~

canisme de transmission de la radiation superficielle jnsqu 1 au senseur satellitaire. En vue 

dele r~soudre, on a proc~d~ a diff~rentes hypotheses simplificatrices. Ainsi, 11 atmos

phere est consid~r~e un milieu homogene et isotrope, en ~quilibre radiatif et thermodyna

mique' approximation a l' aide de laquelle on a d~termin~ la "temp~rature de corps noir" 

de la surface radiante. Mais l 1 intensit~ de la radiation reyue par les radiometres embar

qu~s au bord des satellites d~pend non seulement de l 1 intensit~ de radiation de la surface 

explor~e, mais aussi de 11 effet d 1 att~nuation de l 1 atmosphere et rl_e la fonction de r~ponse 

du radiometre. C 1 est pourquoi les valeurs repr~sentant la "temp~rature de corps noir11 de 

la surface de l 1 eau marine ont-elles ~t~ soumises a certaines corrections. La premi~re 

est li~e ala fonction r'e r~ponse du radiom~tre qui, par sa construction, doit etre calibr~ 

de maniere h assurer d~pendance lin~aire entre l' ~nergie intercept~e par le radiometre 

et la r~ponse de celle-ci en tant que tension ~lectrique. Ce calibrage a lieu avant le ian

cement, mais, pendant le vol, le comportement du d~tecteur se morlifie selon les fluctua

tions therrniques, la d~gradation progressive en temps, l'exposition in~gale ala radiation 

solaire on terrestre, etc. Dans ces circonstances le radiometre doit etre calibr~ ~ nou

veau, p~riodiquement, au cours du vol, fait que se r~alise pour les d~tecteurs d 1 infra

rouge a 11 aide des s~quences qui reproduisent les teintes de gris du bloc de t~l~m~trage 

du signal APT. Ainsi, dans le calcul des temp~ratures effectives des points analys~s,au 

lieu d 1 indices de modulation th~oriques, correspondant a l 1 ~chelle de teintes de gris 

fixes, on a ~tabli la r~gression lin~aire entre ceux-ci et ceux r~els, prenant en consid~

ration les indices qui r~sultent de la corr~lation ~tablie, 

En vue de calculer 11 att~nuation produite par la propagation de la radiation dans 

1' atmosph~re, on a tenu compte seulement de 11 ~mission et 11 absorption atmosph~riques. 

En plus, la variante pr~f~r~e pour le travail a ~t~ celle de "l'atmosph~re grise" ou, a 
11 encontre de la situation r~elle, le coefficient d 1 absorption massique de 11 atmosphere ne 

d~pend point de la longueurd 1 onde. En ~change, on a pris en consid~ration la d~pendance 

de 1 I intensit~ de radiation fie profondeur Optique' celle-ci ~tant Calcul~e a partir d l Un 

coefficient moyen d 1 absorption. Ainsi, pour calculer la profondeur optique on a utilis~ la 

relation (1 ): t=oC·P'· T'·DJ" oh P, T et D sont la pression atmosph~rique, la temperature 

de 11 air et le d~ficit de saturation respectivement, tandis qued., ~, !"et Jsont des con

stantes. Afin de d~terminer ces constantes, on a effectu~ des mensurations "in situ" des 

parametres pr~cis~s, ainsi que de la temp~rature de l 1 eau de mer. En base d 1 environ 100 

groupes de telles donn~es, on a calcul~ par la m~thode des plus petits carr~s les con

stantes de 1' expression de la profondeur optique, constantes qui ult~rieurement ont servi 

au calcul de la temp~rature effective corrig~ par la profondeur optique. 

Les calculs ont ~t~ effectu~s a 11 aide de programmes FORTRAN pour le calcula

teur 11 02F. Pour la comparaison, on a calcul~ aussi la temp~rature en quelques situations 

choisies au hasard, des 100 cas pour lesquels on disposait de valeurs r~elles, en appli

quant diff~rentes corrections pour att~nuer 1' effet atmosph~rique, telles que: la correc

tion Maller (2), selon 11 angle au nadir;la correction Cogan et Willand (3) selon la teneur 

en vapeurs; la correction Smith (4} selon l' hurnidit~ et 1' angle au nadir; et la correction 

Wark (5) selon les memes parametres, bas~e sur 11 emploi de 105 morleles atmosph~riques 

et sur les enregistrements des satellites TIROS II. De plus, on a applique nne correction 

uniforme par rapport a un ~cart choisi de faJon al~atoire. Les ~carts des temp~ratures 

calcul~es conform~ment a corrections: uniforme-tu' Maller-tm' Cogan-t
0

, Srnith-t
8

,Wark

tw et selon la profondeur optique - t'l;, sont pr~sent~s dans le tableau ci-dessous: 

t tu-t t -t tc -t ts -t t -t t -t On remarque le fait que 1' appli-
r r m r r r w r 'l; r 

cation des corrections Maller, Cogan, 
12,06 +0, 70 -1,92 -2,62 -6,56 -5,86 +0, 77 

Smith et Wark conduit a 1 • obtention de 12,24 -0,83 -3,69 -4,05 -8,21 -7,71 -0,81 
13,04 +1,09 -1 '33 -2,61 -6,09 -5 '19 +1 '17 valeurs beaucoup inf~rieures a celles r~-
12,61 +O, 15 -2,47 -3,20 -7,11 -6,41 +0,22 

elles. L 1 application <les corrections uni-17,98 +0,07 -1 ,63 -3,65 -6,71 -5,64 +0,28 
16,75 o,oo -1 ,94 -3,94 -6,96 -6,06 +0, 19 formes et selon la profondeur optique per-
16,08 +0,21 -2,96 -4,55 -7,99 -6,99 =~: ~~ met l 1 obtention de valeurs proches de 15,82 -0,44 -3,77 -5,20 -8,66 -7' 74 
14,46 0,00 -2,68 -5,76 -5,76 -7,40 -0,04 celles reelles dont le desavantage con-

alnsi que negatives. siste dans le fait qu 1 elles sont positives 

La m~thode presentee peut ueterminer de meilleurs resultats si 1 I on peut faire ap

pel aux c'-onn~es initiales numeriques au lieu de celles analogiques (APT)digitalisees. 
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3. COGAN I.L.et coli., 1976- Measurement of sea su:cface temperature by the NOAA-2 
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O-III3 
OBSERVATIONS OF EDDY VARIABILITY DURING fDEf'}-G-85 

I, SATELLITE SEA SURFACE TEMPERATURE ANALYSIS 

G. VIVANTI, F. PARMIGGIANI and N. PINARD I 

I.M.G.A., C.N.R., Modena (Italy) 

Polar - orbiting Satellite (NOAA - 9) AVHRR data have been analyzed 
in order to produce sea surface temperature for the whole region of the Eastern 
Mediterranean during the Intensive Field Period surveys of P.O.E.M. 0- 85. 

Split - window algorithms have been used to retrieve Sea Surface Tem
perature (SST). In order to identify the thermal frontal structures, coloured 
SST maps have been produced above cloud - free regions of the Eastern Levantine 
Basin. The informations are given at I Km resolution so that Eddy resolving mo
dels of the Eastern Mediterranean Circulation could use directly the satellite sur
face data. Qualitatively, the pictures shows a strong surface Eddy activity in the 
whole Eastern Basin and a few upwelling centers are also noticeable. 
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O-III4 
SPATIAL AND TEMPORAL VARIABILITY OF THE SEA SURFACE COLOR FIELD 

IN THE NoRTHERN ADRIATIC SEA 

V. BARALE, P. MALANOTTE RIZZOLI" and C. McLAIN 

0 Department of Meteorology and Oceanography, Massachusetts 
Institute of Technology, Cambridge, Mass. (U.S.A.) 

A time series of Coastal Zone Color Scanner images. for the years 

of 1979 and 1980, usE>d to observe the spatial and temporal 

variability of bio-optical processes and circulation patterns of the 

Northern Adriati~ Sea, monthly, seasonal and interannual scales. 

The chlorophyll-like pigment co.ncentrations derived from satellite data 

exibited a high correlation with sea-truth measurements performed 

during seven surveys in the summer of both years. Comparison of the 

mean pigment fiElds indicates general increase in concentration 

values and larger scales of coastal features. f-rom 1979 to 1980. This 

variability can be linked to the different patterns of nutrients influx 

due to coastal runoff in the two ye·ars. The distribution of surface 

ff!at~..Jres is consistent with the general cyclonic circulation pattern. 

The pigment hEtErogeneity appears to be governed by fluctuations of 

fresh:;.tater discharge. while the dominant wind fields do not appear to 

have important direct effects. The Po river presents a plume spreading 

predominantly in south-e.!'sten direction. with scales positively 

correlated with its outflow. The spatial scales of the western coastal 

layer, instead. are negatively correlated with this outflow. and the 

Both results consistent with, and may be 

rationalized by, recent theoretical and e:<perimental results involving 

a dynamical balance between nonlinear advection and bottom friction~ 

with alternate predominance of one of the two effects. 

I 
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O-llis 
SATELLITE Ii"lAGES RECEPTION ACTIVITY WITHIN THE ffiEf1 PROJECT 

R. CARLA, V. M. SACCO, S. BARONTI and V. VENTURI 

Istituto di Ricerca sulle Onde Elettromagnetiche (IROE}, CNR, 

Firenze (Italia) 

Data and imases from satellites plaY a Particular role when 
llS>':d with information of E:)·:Perim€>ntal c<:HilP<:<ignes 
simultaneouslY Performed.allowins comParisons between sround 
and satellite sensed information. Moreover meteorological 
satellites. with their resolution characteristics are verY 
useful for monitoring the whole camPaign area. and to collect 
data on environmental Parameters (for examPle cloud coverage 
and classification. sround and sea temPerature. etc.). The 
acquisition Period of these satellites is suitable to give 
us~:fu 1 information fol' a cont i nuat i Vf' d-e\ i 1 Y camP<\ i ::~n. 
The IROE-CNR Institute in Florence has desisned and develbPed 
a mobile receivins station fo~ imases from both geostationarY 
and Polar orbitins satellites. The station is a container 
suPPorted ~quiPment for receivin::~. ac9uirins. recordins and 
Processing a wide varietY o~ signals. either in analogical or 
digital ~ormat. and it is equiPPed with suitable 
instrumentation for data Presentation both on video disPlaY 
or digital Plotter. Moreover the station i5 comPletelY 
controlled bY an HP-2113/E which also Performs the data 
PI~'OCE~'S)S j 11~3 .. 

The satellite imctse receiving and Processins srouP has 
received and disita11Y stored on ma~netic taPes the APT-NOAA 
9 Polar orbitins satellite imases, suPPorting the POEM 
oceanosraPhic camPaign from October 21 to November 11. 1985 
in the Southern Adriatic sea. 
Imases have been recorded during the asczndins passes o~ the 
satellite between 12.00 and 14.00 (UT) once a day, both in 
the Visible and in the corresPondins Thermal Infrared bands. 
The analo~.1ical APT U-.utomatic: Pictur·e Tr·an!;;miss;ion) fcwm<,t 
sives 4.0 Km resolution images comPared with the 1.1 Km 
resolution ones of the disital format. Nevcrthless the APT 
format is a sood comPromise between information. receivins 
cost and comPlexitY for a wide ranse of aPPlications. 
UnfortunatelY the analogical signal is affected bY high 
frequencY man-made environmental noise. 
To characterize, eliminate or reduce the noise a studY has 
been Performed, and manY suitable linear and non-linear 
disital techni~ues have been considered. Moreover a 
non-linear· fi1ter· cf ;o;t;:\"l:i,;t:ical I:YPE h:;,~; been dt·::vcloPcd 
which eliminates the noise effects without modifYing data 
si~lnific<.<t:ivc inf,)l"ma1:ion. Pa:···t:ic•.tlar]y in pr·csence of ;.o;\:1··on;.'J 
sray level variations. such as coast areas or clouds. 
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O-III6 
FRACTAL TRAJECTORIES OF SATELLITE TRACKED DRIFTERS IN THE PACIFIC OcEAN 

A.R. OSBORNE(l), A.D. KIRWAN( 2), A. PROVENZALE(J) and L. BERGAMASCO(J) 

(1) Istituto di Cosmo-Geofisica del CNR, Corso Fiume. 4, Torino (Italia) 
(2) Department of Marine Sciences, University of South Florida, 

St. Petersburg, Florida (U.S.A.) 
(3) Istituto di Fisica Generale dell'Universita, Corso M. d'Azeglio 46, 

Torino (Italia) 

Drifter data from the world oceans furnishes a Lagrangian 

description of oceanic surface flows; time series of fluid 

parcel trajectories can be obtained by satellite tracking the 

longitude and latitude positions of a set of buoys drogued to a 

parachute at a preselected depth. 1 

We consider here Lagrangian trajectories of three satellite 

tracked drifters deployed in the Kuroshio current south of 

Japan, a region known for its intense mesoscale variability. 

Evidently the buoy motions are determined largely by the local 

turbulent (Eulerian) velocity field and the trajectories appear 

as wandering curves which resemble a "stochastic walk" in the 

plane. 

Applying several methods from fractal mathematics and 

dynamical systems theory (calculation of the correlation 

dimension, 2 of the self similarity exponent and of the law of 

divergence of the length of the trajectories3 J we have found 

that the buoys trajectories are self-similar fractal curves with 

Hausdorff dimension D=l.2. 4 •5 The observed value of the fractal 

dimension is related to the characteristics of the power spectra 

of the buoys positions, which are power law over a large energy 

range. Systems of this type are likely to be appropriately 

described by processes of (fractal) stochastic diffusion in a 

many-degree-of-freedom turbulent flow. 

Similar analyses can be applied to other drifter data from 

different areas of the world. An interesting and open problem 

is to asses if the fractal dimension found for the Lagrangian 

trajectories in the Kuroshio extension (D=l.2l is common to 

other ocean turbulent flows and thus typical of fluid particle 

paths in geophysical fluid dynamical turbulence. 

2 

4 
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O-III7 
SOVlE SOURCES OF EXTINCTION OF DIFFERENT SPECTRAL REGIONS 

Mira MOROVIC 

Institute of Oceanography and Fisheries 1 Split (Yugoslavia) 

During the intensive period of MEDALPEX project opti ca 1 measurements were ana

lyzed in relation to hydrographic and dynamic characteristics of the northern Adriatic 
for the stations shown in fig. l.Total extinction coefficient is the sum of the 

absorption and scattering coefficients for pure water, suspended particles and di sso

lved substances but only scattering on suspended particles and absorption on suspen

ded particles and yellow substrance were significant for relative extinction 
coefficients wich were calculated. Nonselective scattering on particles of diameter 
larger than lrm is equal in all spectral regions of visible light but the extinction 

of red light is caused mainly by scattering on these particles (Joseph, 1955). It is 

shown in this paper that this may not be true for sea water of the northern Adriatic. 

Mean extinction coefficients for all stations for both cruises were presented in fig. 

2.a while situations for March and May were shown at fig. 2.b and c. It may be seen 

that the extinction of red light is the smallest, extinction of green light is 

somewhat higher while extinction in blue is the highest one. Subtracting the extinc

tion of red light from green and blue extinctions the part caused by absorption is 

obtained. From the absorption curve for yellow substance (Jerlov, 1968) it_ can be 

seen that it absorbed blue light about five timas stronger than the green light. 

Taking this into account by further subtracting of the amount 5xLiayG from blue 

extinction the remaining part is attributed to the absorption from organic particles. 

It may be seen that the absorption from particles was stronger in March than in May, 

while scattering and absorption by yellow substance was higher in May.The same 

analysis was made after distributing the data into two regions according to the 

possition of the frontal zone show by hydrographic data of this region (Zore-Armanda 

et al,m 1983). In this new arrangement (fig. 3 and 4) different characteristics 

were found and previous procedure cannot be applied. There are indications for the 

additional sources of extinctions in red and green light. Relative absorption maximum 
was observed in red light (Smodlaka, 1973) for chlorophyl a, while most probably 

the extinction caused by organic particles is not sufficiently known and needs 

further investigations. It is also possible that there are differences in the 

absorption spectra of dominant phytoplankton groups in different seasons: nanop1ankton 

is most abundant in stratification period while relative abbundance of microplankton 

is increased in the mixing period (Revelante, 1975, Smodlaka, 1985). 
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O-IV1 
SURFACE FWXES AND AIR-SEA INTERACTIONS 

Antonio NAVARRA 

Estimates of the transfers of sensible heat, moisture and momentum are impor
tant forcing functions for the ocean circulation. Though a proper flux description 
is thought to be crucial to the simulation of the general circulation, mesoscale 
features may be heavily affected too. The POEM experiment provides a unique oppor
tunity for studying the impact of these atmospheric parameters in a particularly 
data-rich context. In order to properly introduce the topic, a brief description 
of the climatology of the Mediterranean region will be given with emphasis oii the 
surface/low level winds characteristic. The existing data produced by the opera
tional centers will be reviewed and to some extent compared. Climatological data 
sets of wind stresses will also be reviewed. _The topic of the surface layer and 
its relation to the PBL and to the OBL will be introduced. 

After the data survey, the attention will focus on the theories of the surface 
layer profiles that enable us to calculate the fluxes at the surface. The clas
sical Prandis formulation of bulk aerodynamical laws and the similiarity (Monin
Obukhov) theory will be discussed. Some peculiarity of the formulation of the 
roughness length over sea and over land will be pointed out. A brief overview of 
the status of recent developments in the field will be given. The implementation 
of these paramaterizations in actual coupled models will then be analyzed and some 
indication for future development of the interface physical paramaterization will 
be attempted. 

II 
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O-IV2 
HEAT EXCHANGE PROCESSES BE1WEEN THE EAsTERN f~EDITERRANEAN 

AND THE ATMOSPHERE 

Mohamed A. SAID 

Institute of Oceanography and Fisheries, Kayet Bey, Alexandria (Egypt) 

ABSTRACT 

Monthly heat exchanges between the Eastern Mediterranean and the atmosphere due to the 
solar radiation, the evaporation, the conductive heat exchange and the effective. radiation 
were calculated using Timoviv's equations (1970, 1983). 

These equations are given as the following: 

The daily integral of total solar radiation is given by 

Qn = 'f Q [ 1 + S1 n + S 
2 

( 0. 2 5 n + 0. 7 5 n2 l J ( 1 ) 

where, Q- the daily integral of solar radiation when the sky is clear. 
'6 -parameter, indirectly accounts the real concentration of aerosole in the atmosphere 

over the sea and varies from 1.0 to 0.90. 
n- amount of cloudness 

~ j 1 ,Sz.empirical coefficients are given by 
01 =0.05-1.10 sin ¢ + (0.45-0.044 cos ¢ )hr Jz. =0.47 + 0.66 sin ¢ + [0.044 cos <P + 0.009 cos ( ~ -47) -0.0517] hr. 

ilJ -Latitude, hr- altitude of the sun at middy 

The albedo of the sea surface is given by 

An = A- ( A-0.08 ) n (2) 

The effective radiation was performed using equation (3). 

En :::1.10/7 d5 Ta4 
( 0.39- 0.0502Ve) +[1.06[1_ ( 1 

4(~) ~ ~)+ 
Ta\1(5 < 0.39 - 0 .o S02ff > J 

where tw, ta are the temperature of surface water and the air 

Ta- absolute air temperature = 273 + ta 
e -absolute air humidity, /) =constant= 0.90 
5 =constant= 0.567 x 10-10 k.wt/m2.co4. 

c,tJ(<>~J-correction varies from-0.02 to 0.04 and can be calculated using tables. 

The heat exchange from equation (4) 

p = -0.212 (t~ ). v (4) 

and the heat loss due to the evaporation is given by 

LE = -0.326 (e
0

- e ). V (5) 

e
0 

-Saturation vapour pressure at the temperature of the sea surface. 

e - the actual vapour pressure. Both quantities are in mo. 

( 3 

0.54 

p') J + 

ln order to obtain the amount of heat budget in a month, it should be multiplied by N, where 
N the number of days m a month. 

ln the present work, the meteorological elements namely; sea surface temperature, air 
temperature, wind speed and direction, absolute and saturate values of humidity and the amount 
of cloudness were taken from the Atlas of the Atlantic Ocean (1977) at 26 stations covering 
the Eastern Mediterranean Sea. 

RESULTS 

The net results of these processes constitutes heat loss through the sea surface to the 
atmosphere or heat gain. The amount of heat loss through the sea surface due to the effective 
radiation is not more than -4.6 - -6.5 Kcal/cm2/month. While due to the conductive heat 
exchange is not more than -1 Kcal/cm2/month. The maximum amount of heat loss is due to 
the evaporation, where its maximum values are observed in October-January and its minimum 
values are in April-May (table 1). 

The heat loss through the sea surface to the atmosphere exceeds the heat gain from the 
sun durmg the cold perwd (October to March). While the heat gain from the sun exceeds the 
heat loss through the sea surface from April to September. 

Table 1 
The heat loss through the sea surface due to evaporation in 10 point 

were selected to in different regions of the Eastern Mediterranean (Kca1/cm2/month). 

,.o !80 9,3) 6,79 4, 9~ 4,10 4,70 6,58 7,72 6,84· 5,32 -10,71 -11,91 -11.54 95.31 ,., Do -10,04 7,06 6,02 4,87 4,51 6,07 £,:D. 7,23 9,31 -11,57 ·10,6S 88,21 ,.o 10° -11,t;ll 8,36 s,n 5,09 4,12 4,43 7.04 6,96 1,21 -8,39 ·12,40 -11,89 93,.35 ,o ,o .1J,l8 -1l,72 -10,28 5,24 4,)9 6,58 7,22 a,n- 7,64 5,85 -12,•n -12,11 ·110,93 ,o 30° -10,25 9,90 8,!o9 6,97 6,13 •11,77 -11,31- 9.10 7,66 9,67 ·10,46 ·110,18 
,,o "0 8,10 8,10 7,41 5,6) 6,25 ·8,86 ·12,17 -11,64-10,10 8,31 8,27 8,99 ·10),8) 

330 "0 7,41 6,94 4,11 4,07 6,17 6,11-10-.15 -12,52 •14,15 -12,36 ·102,81 

330 200 -10,21 9,0) 8,)1 5,79 3,71 6,58 6,89 -10,42 -1),52 -1J,86 ·13,11 ·104,68 

n' ,o 9,:n -11,06 9,9) --6,77 <.,28 4,62 7,34 a,;o. 9,31 ·11,11 -12,'12 ·106,66 

n' JO' 9,5-4 5,]1 6,94 9,20 9,42 8,11 8,49 -10,65 -104,11 
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O-IV3 
THE TIME VARIATIONS OF r«JNTHLY MEANS OF SEA SURFACE TEMPERATURE 

AND METEOROLOGICAL PARAMETERS IN THE EAsTERN MEDITERRANEAN 

A.A.H. EL-GINDY 0 and A.A. HAME0° 0 

• Faculty of Science, Alexandria University, Alexandria (Egypt) 
• • Hydrometeorological Office, Egyptian Navy, Alexandria (Egypt) 

This paper is an effort towards a better understanding of the 
variability of the hyarometeorological factors in the Eastern 
Mediterranean which is not yet well known. The monthly mean time 
series of several parameters; sea-surface temperature, air temperature. 
dewpoint temperature, the difference· between air and sea-surface 
temperatures, atmospheric pressure ana evaporation, curing the period 
1961-1967 are investigated. Three marine zones are considered in the 
area: the South East of Sicily, the South West of Crete Island. North 
of Egypt and at the coastal meteorological Station Ras El-Tin 
(Alexandria. Egypt). The preliminary inspection of the time series 
indicates more smooth records of the air ana the sea-surface 
temperatures and the most disturb~d records belong t? the atmospheric 
pressure, which becomes smoother towards the east. The spectral 
analyses of the different parameters. at the different considered 
series in the area. manifest the dominance of the seasonal cycle with a 
significant peak at 12 motnhs period. The ~;:Jectral density 
distribution for the different parameters at the different places are 
identical at low frequencies (less than 2 c.p.y.) but they are somewhat 
different in the higher frequencies due to local f~ctors. The low 
frequencies are mostly related to large scale va. lations-which have 
simi Jar effects on the whole area.. However. the atmrspheric pressure 
has a significant spatial evolution. In. the Ionian Sea (SE of Sicily) 
the energy density is nearly similar for high and low fr~quencies with 
no significant peaks. while going to the east. the energy density 
increases in the low frequencies ana decreases in the high frequencies. 
This evolution is due to the fact that the Ionian Sea has stronger 
depressions activity. 

The coherences between the different sites, for the· same 
parameter, were found to be significant at the oscillation wi.th less 
than 5 c.p.y .. Higher coherence existed at the low frequencies ana the 
coherence decreases with increasing the distance between the two 
positions. The atmospheric pressure shows, again ~he least coherence. 

The amplitudes and phases of the general monthly averages for 
the different parameters in the three marine areas. are determined. 

The relation between the monthly mean sec.-surface ana air 
temperatures were found to be linear with quite high significant 
correlation·coefficients. The equations relating the.se two factors are 
nearly identical at the Area South East of Sicily ana North of Egypt. 
The equations were calculated in two separate perioC:.3: One from April 
to August. when the air temperature is higher t~an that of the 
sea-surface, and the other curing the rest of the year, when air 
temperature is less than that of the sea-surface te 1perature. These 
equations could be used to calculate the monthl/ mean sea-surface 
temperature with accurary of about+ 0.7 aeg. C. 



O-IV4 
DIURNAL VARIATIONS OF THE SEA SURFACE THERMAL BI\.LANCE CO'lPONENTS 

ON THE RO'lAN!AN BLACK SEA SHELF 

Vasile DIACONU 

Romanian Marine Research Institute, Constantza (Romania) 

During 1979-1985, hourly hydrological and meteorological 

measurements have been carried out in 15 multidiurnal anchored sta

tions in the central area of the Romanian Black Sea shelf. Direct 

measurements of the incoming and reflected solar radiation have been 

suplemented with determination of the longwave backradiation flux 

(QB) and of the latent (QE) and sensible (QH) heat fluxes computed 

using bulk aerodynamic formulas (1)· The results have been processed 

using a special computer program in order to obtain the parameters 

of the liniar or parabolic trend, as well as the amplitude and phase 

of the diurnal oscillation, using the Gauss method for solving the 

set of normal equations derived from the least square method. 

The available data cover the period extending from April 

to October and have been collected in various hydrological and 

meteorological conditions. The analysis shows that the averages of 

the heat losses are smaller in April·June (warming of the surface 

layer) and higher in August-October (beginning of the cooling period). 

Due to the contribution of the solar radiation (though smaller in 

spring), the total balance is positive in the first period, while in 

the second period the averages of the total balance are negative. 

Also, the heat losses at the sea surface are mainly due to evapora

tion in the second period, while in the first period the back

radiation prevails (though the values of QB are smaller than those 

for the second period). The normalized residual errors are small, 

thus reflecting a good agreement between the original values and 

those computed by superposing a diurnal oscillation on a fairly 

nonlinear trend. The nonlinear character is more pregnant only for the 

total loss and the global balance due to the phase differences betwee:c 

their components. 

As for the amplitude of the diurnal oscillations, no 

significant seasonal variations can be found, except for the latent 

heat flux QE' which has higher amplitudes in the second period. 

The analysis is very useful in determining the fast changes 

of the thermal structure of the upper layer of the sea. 
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A Nl1'1ERICAL STUDY OF BAROCLINIC SHEAR INSTABILITY 
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Numerical hydrodynamic ocean circulation models are used to examine the 
instability mechanisms for the generation of mesoscale eddies along the 
north African coast. In particular two-active-layer reduced-gravity and 
finite-depth models are used. 

There are many physical factors which exert an influence on the cir
culation hydrodynamics of the western Mediterranean; wind stress, hydraulic 
forced flow (inflow/outflow through the Straits of Gibraltar and Sicily), 
thermo/haline circulation, and topography. The purpose of this study is to 
examine the influence of hydrodynamic flow instabilities on the generation 
of mesoscale eddies along the Algerian coast of north Africa. 

There are many features of the general surface circulation of the 
western Mediterranean Sea (Allain, 1960; Bethoux, 1980; Ovchinnikov, 1966) 
which appear to be either a direct response to hydraulic force flow, e.g. 
the North African current, or wind stress, e.g. the circulations in the 
Tyhrennian, Ligurian and Balearic Seas and in the Provencal and northern 
Algerian Basins. However, recent satellite imagery shows considerable 
mesoscale eddy activity within the western Mediterranean, particularly along 
the Algerian coast. These eddies appear to be the result of either 
barotropic and/or baroclinic flow instabilities. 

The numerical models used in these experiments are two-active-layer, 
reduced-gravity and finite-depth, hydrodynamic, primitive eguations models 
on a I)-plane with a horizontal grid resolution of .1 by .05°. The 
two-active-layer reduced-gravity model is designed to simulate a three-layer 
western Mediterranean with the first-active layer representing the inflowing 
Atlantic water and the second-layer representing the intermediate 
water isolated from the bottom topographic effects by an infinately deep and 
inert lower layer. The two-layer finite-depth model simulates a two-layer 
system with inflowing Atlantic water in the upper-layer and Mediterranean 
deep water in the lower-layer. This version includes the topographic 
effects. 

The model equations are solved using the explicit (reduced-gravity) and 
semi-implicit (finite-depth) versions of the Hurlburt and Thompson (1980) 
semi-implicit model with two important modifications: 1) the ability to 
handl:e realistic coastline geometry added by A. Vallcraft (personal 
communication) and 2) the outflow boundary conditions are modified Orlanski 
(1976) radiation boundary conditions. 

The model was driven by specifying the inflow through the Strait of 
Gibraltar in the upper-layer and the Strait of Sicily in the second-layer. 
The inflow velocity in the upper-layer was chosen to gie3d an inflow volume 
transport on the order of 1.6 Sv (where Sv = 10 m /sec ). Vhile the 
inflow in the second-layer was varied, depending on the particular case 
study, from no inflow in this layer to a maximum of 1. 2 Sv. 

The results from the two-active-layer reduced-gravity model case 
studies indicate that baroclinic shear instability is a plausible mechanism 
for the formation of eddies along the Algerian coast. The direction of 
propagation of the eddies and meanders of the north African current appear 
to be a function of the velocity field in the second-layer. Vi th high 
w~stward current speeds in the second-layer, the eddies tend to drift 
northwestward. However, as the westward current speed is decreased, the 
eddies tend to move towards the eastnortheast. Satellite observations 
suggest the eastnortheast path and in situ observations suggest a weak flow 
in the i-ntermediate layer which is consistant with the model results. 
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A Nli'IERICAL INVESTIGATION OF UPPER OCEAN THERMAL STRUCTURE 

IN THE MEDITERRANEAN USING CLIMATOLOOICAL AND GCM FLUXES 

S.A. PIACSEK 

SACLANT-CEN, Via s. Bartolomeo 400, La Spezia (Italy) 

The seasonal evolution of the thermal structure in the upper 500 m. 
of the Mediterranean is investigated using a 1-D second-order closure 
turbulence mixed layer model.Both climatological and GCM fluxes are used 
to drive the model.Due to the lack of a weather ship with continuous ob
servations,the fluxes were compared with each otherand corrected for long 
term biases using climatological heat changes in the water column. 

Detailed studies of spatial and temporatl variations are performed 
using a high vertical resolution 1-D model and GCM fluxes at selected 
locations. Particularly the Spring shallowing and fall mixing as a funstion 
of basin location were examined.A 3-D model with coarse vertical reso
lution and inclusion of advection due to Ekman drift and geostrophic 
currents was used to study the distribution of Ekman divergence-and 
the heat budget. Both climatological and Gem fluxes were used in the 
latter study. 
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THE GENERAL CIRCUlATION OF THE EASTERN JI'EoiTERRANEAN : 

WIND VERSUS THERMJHA.LINE FORCING 
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0 0 Department of Meteorology and Oceanography, 
Massachusetts Institute of Technology, Cambridge, 
Mass. (U.S.A.) 

The wind versus thermohaline driven general circulation in the Eastern 
Mediterranean is studied through a multi-level general circulation model 
with coarse resolution but active thermodynamics. The numerical experiments 
are divided into two basic sets.First, the wind-driven circulation is studiec 
using the model in its barotropic version with the real bottom topography. 

Then, the model is used in its 3 level version always under the wind 
forcing alone. Various steady winds are used to compare the winter versus 
summer steady circulation. The general experiment is the one year cycle 
in which the observed climatoloaical wind stress field is used (monthly 
averages). · " 

Second, the thermohaline circulation is studied using the model in the 
same three level version ( surface atlantic- intermediate levantine- deep 
bottom waters). Climatological averages for temperature and salinity .are 
used to initialize the model.The model is again driven with average surface 
fluxes for the winter aHd summer seasons to compare the two steady situatiom 
with the corresponding wind driven ones.The general experiment is then 
carried out for the one year cycle of the climatological surface fluxes 
(monthly averages). The results are compared and discussed. 
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Interesting mesoscale processes such as the formation of internal Ross by radius 
of deformation eddies and jet enhancing phenomena modified by local driving mechanisms 
were observed and investigated for the first time in the Eastern Levantine Basin. 
We used a CTD data set composed of 17 cruises, each of them centered at 33.5N, 
33.5E covering a 300 X 300 Jan2 region. This data was collected during 6 years 
(1979-1984) by the Israeli R/V Shikmona. Here we examine only a subset _of the en
tire data base. For this investigation we adapted and tuned the methodology of 
data assimilation for mesoscale eddy fields in open ocean regions to the environ-
ment of the Eastern Mediterranean Sea.. We studied the vertical structure of the 
single cruises through an EOF analysis and the dynamical modal decomposition of 
the climatological N2(2) profile for the region. We produced geostrophic stream
functions and we dynamiCally interpolated the data fields with the Harvard open 
ocean boundary model.. Local wind forcing, topographic effects and free non-linear 
evolution of the mesoscale eddy fields are intercompared. The data shows very dif
ferent horizontal and vertical structures between mid-summer and winter-spring time 
conditions but with patterns persisting over two to three months in each season. 
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WIND CURL VS VARIABLE EDDY VISCOSITY : A PRELIMINARY NLMERJCAL STUDY 

Mili voj KUZMIC 

Center ·for Marine Research, 
"Rudjer Boskovic 11 Institute, Zagreb (Yugoslavia} 

In our recent modelling studies the influence of different magnitudes of the verti

cally constant eddy viscosity coefficient (Kuzmic et al., I 985), as well as heterogeneity 

in the wind field (Orlic et al., 1986), on the wind-induced motions in the Northern Adria

tic has been considered. The magnitude of the eddy viscosity coefficient proved to be of 

considerable influence on the magnitude and particularly direction of the current vectors 

at different depths. The wind-field heterogeneity studies have suggested that the wind 

curl is the most energetic source of variabiiity in the fields commonly considered in the 

analysis (the elevation of sea surface and different velocity fields). Comparisons of model 

predictions to available and appropriately processed field data (multi-level current meter 

measurements at several locations) have shown considerable similarity between the mea

sured and model-generated vectors in terms of magnitude, direction and relative position 

of different-depth vectors, but all three aspects have left room for improvements. 

Vertically variable eddy viscosity coefficient has been seen as a way to improve 

predictions of wind-induced vertical shearing. Therefore, a new hydrodynamical numerical 

model has been developed (Kuzmic, I 986) which allows for such a variability. The gover

ning set of equations is derived assuming homogeneous and incompresible water, hydro

static motion, f-plane, and neglecting the advective terms and lateral shear. The three

-dimensionality is retained using the integral transformations pioneered by Heaps ( 1972). 

However, the appropriate eigenvalue problem is solved numerically and appart from the 

main modelling procedure. 

In this paper preliminary results of a modelling study of combined- effects of wind 

curl and vertically variabie eddy viscosity are presented. The model has been applied to 

the Northern Adriatic assuming realistic coastal geometry but flat bottom of average 40 

m depth in order to exclude the topographic effect. Assuming constant and linearly de

creasing vertical eddy viscosity, homogeneous southwestward wind and "linearized saddle" 

wind curl, four cases have been obtained and analysed. For each case four output fields 

(elevation of sea level, vertically averaged current, surface current and bottom current) 

and vertical distribution of currents at selected points have been analysed after 48 simu

lated hours. 

Eddy viscosity has been allowed to drop to the tenth of its constant value of 0.01 

Nm - 2, while the wind curl has been generated by linear!~ decreasing, the southwestward 

wind from 10 m/s at both ends to zero value in the middle. Preliminary analysis shows 

that such a variability leaves a visible mark on all four analysed fields. The change in 

the sea level due to variable eddy viscosity is apparently more pronounced in the pre

sence of the wind curl. The influence of linearly decreasing eddy viscosity is also clearly 

visible in vertical distributions of currents with distinct pattern of change for the areas 

of high and low curl influence. These schematized formulations of wind and eddy viscosity 

variability, combined with numerical parameter values representative for the Northern 

Adriatic, are ment to produce only reference predictions. The work on other, more realis

tic viscosity distributions and wind curl functions is in progress. 
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In the Northern Adriatic sea a very important source of nutrients and 
suspended matter is the Po river,the major input of fresh water l:o the basin. 

The Po river plume can be recognized as extending both in southward 
direction and in cross basin direction, where, in summer time, it can 
reach the ·opposite yougoslavian coast. Local cyclonic ( to the North) 
and anticyclonic ( to the south) smaller gyres can be recognized to 
be formed by the plume in CZCS satellite imagery through the analysis 
of phytoplanckton concentration ( Barale, Malanotte-Rizzoli and McClain, 1986). 

In this work we simulate the Po river as a source of a passive tracer, 
be it the total suspended matter or phytoplankton concetration. 

We carry out advection -diffusion experiments, integrating a time dependent 
advection-diffusion equation coupled with a multi-level model for the 
circulation.We observe the distribution pattern of a p~ive tracer released 
at initial time at the Po mouth and let afterwards to evolve under the 
effects of currents and turbulent diffusion. The experiments are carried 
out under different wind patterns, corresponding to the two major wind 
fields observed to exist in the Adriatic ( bora and sci rocco). The results 
are discussed and compared with the analyzed satellite imagery. 
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ABSTRACT 

A statistical method for the forecasting of storm surges along the east coast of the 

Adriatic Sea was applied. On the basis of the theoretical results obtained by solving equations of 

motion and applying the multiple regression method, the models for calculation of the residual 

sea level elevations were constructed. Models were tested for meteorological situations with 

strong cyclonic SE wind in Koper, Split and Dubrovnik stations. It was found that the multiple 

regression models present very good estimate of the residual elevations for the situations with 

permanent air pressure decrease and SE wind increase. 

The maximum values of observed residuals in 1982 are two times higher than mean tidal 

ranges at all studied stations. Residuals increase going towards the North Adriatic Sea because 

wind fetch increases and depth decreases. 

Une methode statistique a ete appliquee pour Ia prediction des ondes de tempete le long 

de Ia cote Est de Ia mer Adriatique. Sur Ia base des resultats teoriques obtenus par Ia solution des 

equations du mouvement et !'application de Ia methode de regression multiple, on construisait 

des modeles pour Ia calculation de !'altitude residuelle de Ia mer. Les modeles ont ete testes pour 

les situations meteorologiques avec le fort vent cyclonique du SE sur les stations de Koper, Split 

et Dubrovnik. On a trouve que les modeles de Ia regression multiple representaient une tres bonne 

estimation de !'altitude n\siduelle pour les situations ou Ia pression barometrique diminuait et le 

vent du SE augmentait. 

Les valeurs du maximum residue! observees en 1982 se sont revelees deux fois plus 

elevees que le maree moyenue pour toutes les stations etudiees. Le niveau residue! augmentait en 

allant dans Ia direction du Nord etant donne que le vent fetch augmente et Ia profondeur 

diminue. 
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Model 

In the base of numet:ical modelling of flow pattern is the model of 
~Bn5ct1~e 1gleth~~~d dy~~g;i~?;ai emgde~t~oW ~t :;cteP~i·~~~E~~iion of 
integrated velocity was usedin ot:der to illustrate the importange of 
bottom to~;>otraphl and vorticity in the wind field in evolution of 
lg~r~~~eb~~a izJ: ~lfn8t:tern of ddft current in the North Adriatic 

riY hygE~~)~~~0;-~~g~z§~~fx7~=C*S*UIH ,Q=Sqrt < U**2+V*"'2 l 
~~l B~i¥l!t~YH*g~~il~7ht01~~-C* "'UIH 

~g~~digh~~-?*. ~Tn~~~P~~g~~ty defb~~ri~~~ ~~loH~~ ~o~~gn~h~;:at 
r~i:~~ts c~~~~~~~g ·at ~rga1a~tH0~o~~e gi~XifiYbo~t~ia d~~~~: denivelation. 

ggu~~ir~it~~ ~g~~~~~&trg; ~ln~:~; 1In c~g~i~~~~iJ.!r~~s~:;1n a7~ ~~s~~d open 
~e~e gg~sid~~ejog:~e m7;~e tf!~~~~rit tl~ugh the open boundary. In the • 

~~~re fgE<~~~~~~~=~nfe~~~d:on and X=O,L denotes domain of integration. 
By inserting condition (4) in the integrated equations (1)-(3) for 
~=gr~xY~iEio~i~~aEh~0£~~~di~ic~~~~o~s < ~;hwr7du'tBd~~;tlftn1b f~o good 
<tram kinematic boundary con~itionl, H=H<Yl and Dx(Sl=<Si-SOl/L 
fgyre ~?x:~~ ~tx~?gm7A:~l5:t~~G*lollows 
where Cm J.s linear bottom frJ.ction coefficient. 

The eguations are numericaly solved in C grid {notation after Arakawa 
and Wl.nningoff l and leap-frog time scheme. 
Results 

In the case of flat bottom H=const=30 m and homogeneous wind field 
g~~e NTs t~~ R~~~g~E!Hg ~~~fH~~i~~ ~IE~r~rdtefo~~~. gradient 

The flow pattern for the homogeneous wind from 

~ ~~~~~lin ~i~~2~1 I~,.,~~i s ~~~ ~~~h c~~:~nf0lr~Td t~~o~~t~h~eveloped. 
~i~d. 3 

{ b~~;rntivr~~rEg~ ~;~£1cig: afi~~1l~}t~ ... ~~~?,rt;)~22~ ~nd NE 
C=5 dyn/cm*"'2 , TY=O. There is well developed current field. 

r;~m\&t:'7s~~i~ ~~~1~~\~~e~gr€~~iE~~l bottom topography and wind 

The hydrostatic equilibrium is obtained only in the case of flat 
~gtEg~ ~~~dh~~~Yani~~st~~n~f:f~Es bg{t~~e t~~~~r~~a~ra~~ rg~~H~~ 
of flow field as it is demonstrated in Fig.2 and Fig.3. 
Conclusion 

~es~~~~rs~f < r~~1ttfgs~g~r~~m~~1g!ri~61~~i;~e f~~at~:sb8~iea:~r1t 
curt:ent in the North Adriatic. The importance of the vorticity input 
was observed by Zore-Armanda and Gacic <in press l from the experiment 
~es~~~ii~~t t~I. i~~~~§tnl~o~f n~~~~~~aYo~gy~t~g/;. was observed 
¥he results of this article demonstt:ate that in the case of bura 
wind il\ the North Adriatic the effect of bottom topograph~ and the 
~i~gy~~a~:c vorticity on drift current are of the same or er of 
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The steric fluctuation is defined in terms or the seasonal flu

ctuation in specific volume. Intensive study of the seasonal and an

nual variations of the steric sea level of the Eastern Med. Sea was 

made on the basis of comparisondtftevariation of water density in 
the anomalous warm and cold years; wllch makes it'~ possible to esti

mate the maximum magnitude of the annual variation in the sea level 

due to the steric effect. 

The hydrographic material in the anomalous warm and cold years 

was taken from the work of Maiyza(1984). 

;[2:£!!!~!!:!::!:2!!: 
Pattullo et al(195~equa:tion was useo:roestlilmate the steric departu-

res from the mean sea level(MSL): 

( 1 ) 
Where: 

ae><
2

•is the departure in specific volume due to small ~T &AS given 

by: 

AS& AT•are the difference between the annual mean salinity and tem

perature and their respective monthly means,. 

Pa. : is the atmospheric pressure, 

Po , is the pressure to which the_ integration has been carried,pre

sumably the pressure at which all seasonal effects vanish. 

g: acceleration of gravity. 

For practical estimation of the steric level equation(1) was 

transformed by Galerkin(1961) as: 

h = 0.1 Ah AO(z ( 2) 
h steric level in em.; >Ah:the depth of the studied layer. 

For the computation of the differences in steric departures be

tween the anomalous warm and cold years, equation(2) can be written 

in the form: n 
Ah5 = 2: 0.1 Ah.cx h. 

j:l I I 
Where: 

AO(i = o<i (wJ- o<i (c) 
O<i :the difference in specific volume in the layer i between ano

malous warm(w) and cold(c) years. 

g~!!!:!!!!!= 
The steric de~~tures in the Eastern Med. Sea were higher in the 

warm years than thqse in the cold ones e~~tcept in the center of the Io

nean Sea and the north of the Levantine Sea in winter and the strait 

of Sicily· and the southern part of Levantine Sea in summer. The thic

kness of the layer in which the steric variations take place was 200-

10~ The magnitude of the differences of the steric departures in 

summer is l~er (16cm.) than that in winter(12cm.). 
The effect of temperature on the steric departures in the upper 

50m layer was more than that of salinity, but deeper the reverse is 

true. 
From the seasonal point of view, the steric level in summer is 

higher than that in winter(12cm.) in the warm years, In the cold ones 

the vibration Jf the steric departures is smaller(about 4cm.). 

£2~£!~!!L~= 
The st·eric departures of sea level between anomalous warm and 

cold years in the Eastern Med. Sea were calculated. This study proved 

that the effect of water density on sea level ;llEcylliea:Ob 50% of the 

seasonal observed values of sea level. The layer thickness of the 
steric variation reach 1000m, and this maybe related to the processes 

of the for'mation of the Med. deep wa-treDe. 

!!~!~:£~~£~!!: 
Galerkin, L. E.,1961: Problems of the sea level seasonal vibration.

"Okeanologia", No 6, pp. 1105-1115.(In Russian). 

Lisitzin, E. & J. G. Pattullo,1961: The principal factors influencing 

the seasonal oscillation of sea level.-J. Geophys. Res., 66,pp. 

845-852. 
Maiyza, I. A.,1984: The long term variations of water temperature in 

the Eastern part of the Med. Sea.- Ph. Do thesis , Moscow State 

Univ. U.s.s.R., 144-p. (In Russian). 

Pattullo, J. G. et al,1955: The seasonal oscillations in sea level.

J. Mar.,Ree.., 14l;.pp·.sa,.161. 

Pattullo, J. G.,1963: Seasonal changes in sea level.- The Sea, vol.2, 

M.H.Hill, Ed.,New York, Interscience, pp.485-496. 
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SO'-IE FEATURES OF THE CIRCULATION IN THE INTE~EDIATE AND DEEP LAYERS 

oF THE EAsTERN MEDITERRANEAN SEA 

A.M. KARAM 0 and S.H. SHARAF EL DIN° 0 

0 Institute of Oceanography and Fisheries, Med. Sea Branch, Kayet Bay, 
Alexandria (Egypt) 
Oceanography Department, Faculty of Science, Alexandria University, 
Alexandria (Egypt) 

The absolute geostrophic velocity field was estimated on twelve isopycnal 

surfaces in the intermediate and deep layers of the Eastern Mediterranean 

Sea. The estimation method was proposed by Coats (1981). The model 

equation used is-

where u
0 

& v
0 

are the unknown zonal and meridional absolute velocity 

components at the reference isopycnal surface denoted by the subscript 1 , 

u' n & v' n are the zonal and meridional relative velocity components at 

the isopycnal n, A is the zonal coordinate, r1 is the meridional coordi

nate, hl & hn are the depths of the isopycnals number l & n, c;~ ) is the 

zonal slope of an isopycnal, (Q.b__) is the meridional slope of an isopycnal 
(};1 

and z is the vertical coordinate (positive upward). Estimates from twelve 

isopycnal surfaces were used in the model equation creating an overdeter-

mined system of equations in the two unknown u
0 

& v 
0

• 

The results on the intermediate isopycnals showed two cyclonic 

gyres in the Levantine Sea with a suggestion of flow from the Levantine 

Sea to the Aegean Sea, while in the Ionian Sea the water was flowing 

mostly to the west and northwest along 35°N and 36°N. On the deep iso-

pycnals three branches of flow appeared in the Leventine Sea: The first 

was coming from the south of the Ionian Sea parallel to the coast, the 

second was directed from the Aegean Sea to the south and the third 

one initiates south of Cyprus and was directed westward along 34°N. 

In the Ionian Sea the cyclonic gyre found in the south on intermediate 

isopycnals persisted on deeper ones. Comparison of the flow on one of 

the intermdiate isopycnals with the dynamic height pattern of Ovchinnikov 

(1966) at 500m showed a great accordance. 

Beside the above dynamical study of the circulation, isopycnal 

analysis was used in the deeper water. Accordingly the salinity was 

looked along the isopycnal surfaces oz=37. 820 and az=37. 830 which mostly 

reached depths deeper than 2000m. On the former surface a westward move-

ment was indicated in the Levantine Sea while in the Ionian Sea a cyclonic 

movement was suggested and confirmed by the potential vorticity pattern. 

On the deeper surface which existed only in the Ionian Sea, a gyral motion 

of an anticyclonic sense was suggested west of Crete. According to our 

results it seems that the circulation in the deep water is quite different 

from the simple picture presented by \'lust (1961) via the "Core" method. 
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0-VII 
3HJIHE IN EAsTERN MEDITERRANEAN DEEP WATER 

GEOCHEMICAL AND OcEANOGRAPHIC IMPLICATIONS 

Wolfgang ROETHER and Peter SCHLOSSER 

rnstitut fur Umweltphysik, Universitat Heidelberg, Heidelberg (F.R.G.) 

He isotope observations in deep water (below 1500 m) in the 

Eastern Mediterranean obtained on samples from a cruise of the 

F/S "Meteor" in 1978 show o3He values decreasing from about 

zero in the Ionian Basin to -4.5% in the Levantine Basin, while 
4He increases from about t1 

4ne = +8% to +15%. Tritiur.. again 

decreases eastward from values near 1 TR to very low ones. The 

o3He and tritium isolines are essentially vertical. Having 

negative o3He values, the Eastern Mediterranean is one of the 

few exceptions of the general rule of a 3He excess being present 

in subsurface ocean water. A correction for tritiugenic 3He 

based on the observed tritium concentrations and about one 

tritium half life (12.43 years) deep-water residence of the 

tritium leads to nearly homogeneous pre-anthropogenic o3He in 

the deep water (~ -4.5%). The 4He and the so-corrected 3He

values point to addition of He from the sea floor, the mean 
3He/4He ratio of which is intermediate of those typical of 

crustal and of mantle He. The average deep water He excess to 

be ascribed to a bottom source amounts to about 7%. Using a 

deep-water turnover time of 150 years, this excess converts 

into a He release rate of about 1.5·103 m3 (STP) He per year. 

Theisolines of o3ne and tritium being vertical implies that 

vertical mixing in the deep water must dominate over along

basin exchange. If the source strength, or the isotopic ratio, 

distribution of the bottom-released He can be determined, He

isotope data can also give information on along-basin transports. 

Helium isotope, tritium, and freon observations within the POEM 

program planned for 1987 should allow us to answer in more 

detail the question of vertical and lateral circulation and 

mixing in the Eastern Mediterranean deep water. 
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oo Harvard University, Center for Earth and Planetary 
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Seventeen cruises carried out over a period of six years in the Eastern Levan
tine Basin have been analyzed. The seasonal and interannual variability of the 
water properties and the kinematics-of the circulation of this region is identified 
and described, We use EOF's to describe the vertical variability of the dynamic 
light profiles and to construct absolute geostrophic stream functions fields for 
each cruise. Optimal interpolation techniques were applied to the analyzed data 
set and sensitivity experiments were carried out for different horizontal correla
tion functions. The regional climatological Brunt-Vaisala frequency was used for 
the determination. of the local dynamical baroclinic modes and the ·local Rossby radii 
of which is approximately 12 km deformation. We discovered a very intense meso
scale eddy field associated with scales of motion ranging from one to several local 
Rossby radii of deformation. 
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O-VI3 
THE UNIQUE STEP STRUCTURE OF THE TYRRHENIAN SEA 

Simon R. BOXALL 

Department of Oceanography, Southampton University, 
Southampton (United Kingdom) 

An extensive study was undertaken during october ~979 of the 

thermohaline step structure that occurs beneath the Levantine Intermediate 

water (LIW) in the Tyrrhenian sea. Temperature and salinity observations 

confirmed the existence of a series of 8-~2 homogeneous layers of ~5-250 rn 

thickness, each separated by sharp thermohaline gradients of the order of 

o.~°C and 0.02 ppt. over 2 rn, which extend from the base of the LIW at 500 

rn to depths in excess of 2000 rn. The lateral extent of the structure was 

25,000 krnZ, centred around the vavilov Seamount, with the deeper layers 

persisting throughout the surveyed region. Comparisons with studies by 

previous investigators demonstrates that many of the layers were coherent 

over periods greater than 7 years. 

Salt fingering has been directly observed to occur across the 

layer interfaces using shadowgraph techniques (Molcard and Williams, 

1975); the LIW providing the necessary salinity for salt fingering to take 

place. Double diffusive theory indicates that this mixing process has an 

important role to play in the formation and evolution of the structure. 

Because of the ubiquity and stable characteristics of LIW, particularly in 

the ··Western Mediterranean, conditions should be favourable for step 

structures to occur throughout the Mediterranean. However, such extensive 

structure has only been reported to occur beneath the Mediterranean 

outflow ( Tait and Howe, 1971). This suggests that a second mixing process 

is necessary in the ocean to help initiate the layer formation which then 

develops under the influence of salt fingering: in the Tyrrhenian sea 

this process is proposed to be internal wave breaking on the vavilov 

seamount. 

The Tyrrhenian step structure differs from that beneath the 

outflow, or any of the others found in the ocean, by its long term 

stability and the thickness of its deeper layers. Theory predicts that 

the observed conditions should produce layers with a maximum thickness of 

the order of 25 m; similar predictions had proven correct in other regions 

(Elliott and Tait, 1977). In addition the temporal stability of similar 

phenomena is at most weeks, not years. It is suggested that the evolution 

of the Tyrrhenian structure has been strongly influenced by the bathymetry 

of the basin. Salt vertically transported by salt fingers must be 

advected away from the system in some way. However the bathymetry limits 

this advection to the intermediate layers, which must have led to a build 

up of salt in the deeper layers, causing them to merge. An equilibrium 

state has been reached, composed of a system of thinner shallow layers 

with thicker deeper layers. Not only are these deeper layers inherently 

more stable, by their volume, to small disturbances but they can also 

control the advection of salt away from the region. Thus, with the effect 

of the stable, deeper layers as the consistency of the LIW a feedback 

process operates, ensuring the long term stability of the layered 

structure. In most other instances of this type of layering either the 

driving mechanism or the horizontal "venting" of salt is variable leading 

to a more ephemeral structure. 

Elliott A.J. and Tait R.I. ( 1977) "On the steady-state nature of the 

Mediterranean outflow step structure". A Voyage of Discovery (Ed. 

M. Angel) Pergamon Press: 696pp. 

Molcard R. and Williams A.J. 3rd (1975) "Deep step structure in the 

Tyrrhenian Sea". Mem. de la Soc. Roy. des Sciences de Leige, 6 

eme serie 7:191-210. 

Tait R.I .• and Howe M. R. ( 1971) 

231:178-179. 

"Thermohaline staircase". Nature 
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MESQ-SCALE HVDROORAPHIC CHAAACTERISTICS 

IN THE NoRTHEASTERN fiJEDITERRANEAN - ftVEMBER 1985 
E. OZSOY, M.A. LATIF and u. UNLUATA 

Institute of Marine Sciences, P.K. 28, Erdemli, ICEL (Turkey) 

A meso-scale survey of high resolution has been carried out 
in the northeastern quarter <north of 34°N and east of 28°E) 
of the Levantine Sea by the R/V BILIM during 1-12 November 
1985. A total of 54' deep stations with spacings of (~)0 

latitude and longitude were vislted during the survey. 
Hydrographic casts at the stations were obtained down to a 
maximum depth of 1000m with vertical resolution of 1m or 
better, using a Seabird Model SBE9 CTD profiler equipped 
with an oxygen sensor. The volume of data has been edited 
and processed such that original data failing consistency 
checks are eliminated. The remaining data have been despiked 
and filtered. Derived quantities such as mixed layer depth, 
heat and salt storage in the mixed layer and in the upper 
layers and salt volumes in.the subsurface salinity minimum 
and maximum layers, Turner double-diffusive stability index 
and Brunt-Vaisala frequency are calculated from the data. 
Overall hydrographic features and a summary of important 
results are presented. 

In general, a mixed layer of 20-50 m thickness is found at 
the surface. Immediately below the mixed layer, an abrupt 
drop in salinity marks waters of Atlantic origin. At inter
mediate depths, a maximum in the salinity profiles indicates 
the presence of Levantine Intermediate Water <LIW>. These 
characteristics are similar to those found by Wust (1961} 
and Miller et. al. (1970>. 

The LIW core <maximum salinity: 39.1) is found maximally to 
the S of Antalya and NW of Cyprus where it seems to be 
trapped in anticyclonic eddies. Just further to the south 
and also within the cyclonic eddy located near Rhodes, 
upwelling is indicated by the upward lifting of isohalines 
<isopycnals) by several hundreds of meters. In fact, below a 
thin surface layer, temperature and salinity are more or 
less uniform since the LIW core and minimum salinity waters 
are destroyed by upwelling. A secondary center of high 
density is located to the east of Cyprus. The minimum 
salinity water (minimum 38.3) below the mixed layer (at 
40-50m depth) is found most abundantly to the SW of Cyprus 
and is partially advected towards the Gulf of Antalya. In 
the west of Cyprus, the zones of minimum salinity subsurface 
water and LIW are separated by a front which extends in an 
E-W direction. Near this front, interleaving is observed in 
the salinity profiles. 

References: 

Wust, G. <1961> On the Vertical Circulation of the 
Mediterranean Sea, J. Geophys. Res., v.66, pp. 3261-3271. 

Miller, A.R., Tchernia, P. and H. Charnock, (1970) 
Mediterranean Sea Atlas of Temperature, Salinity,Oxygeri 
Profiles and Data from Cruises of R.V. Atlantis and R.V. 
Chain, WHOI Atlas Series 3, Woods Hole, Mass., WHOI. 
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MESQ-SCALE CIRCULATION FEATURES 

IN THE NoRTHEASTERN r·1EIJITERRANEAN - ft>VEMBER 1985 
E. OZSOY, T. OGuZ and U. UNLUATA 

Institute of Marine Sciences, METU, P.K. 28, Erdemli, 

Icel (Turkey) 

Density profiles at 54 deep stations in the northeastern 
Mediterranean <north of 34°N and of 28°E) have been 
analysed. The original data were obtained with a Seabird 
Model SBE9 CTD profiler on board the R/V BiLiM. The maximum 
depth of the casts was 1000 m, with vertical resolution of 
less then 1 m, 24 Hz Sampling rate, 1 second averaging and 
1 m/s raising/lowering speed. Only upcasts were used in the 
analyses since only upcasts were available at a majority of 
the stations. 

The original data were edited such that data failing 
consistency checks were eliminated, and the valid profile 
data were despiked and filtered.The density profiles were 
then used to calculate geostrophic streamfunction at 
standard depths assuming a level of no motion at 900m. 
Objective analysis techniques <Bretherton et. al., 1976) 
were used to construct maps of optimally interpolated 
streamfunction estimates.and relative estimation error. 

At the surface, an intense cyclonic eddy is found SE of the 
Island of R~odes in the general area that has been reported 
earlier by Ozturgut <1975>, Anati <1984> and Ovchinnikov 
(1984). Breakup eddies from this main circulation extend 
towards the Gulf of Antalya and further to the south. 
Another cyclonic eddy is detected at the NE tip of the 
Island of Cyprus. On the other hand,anticyclonic eddies are 
found in the Cilician channel and its exit to the Gulf of 
Antalya. Considerable vertical structure is displayed by the 
analyses made at different depths. Jet-like features at the 
surface coincide with frontal zones W of Cyprus and near the 
shelf edge at the Gulf of Iskenderun. 

At the westernmost cyclonic eddy centers, upwelling is 
observed. Intermediate depth salinity maximum <LIW) is found 
at the center of the anticyclonic eddy located to the NW of 
Cyprus. The advection of the subsurface salinity is strongly 
correlated with the circulation patterns. 

Referenc'=s: 
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The northeastern corner of the Mediterranean <north of 34°N and 
east of 28° E> was surveyed by the R/V BILIM during 1-12 Nov. 
1985, Hydrographic casts were made at 54 deep stations using a 
Seabird model SBE9 CTD profiler. Along the ship course between 
these stations, the CTD instrument was immersed in an on board 
overflow tank through which sea water was pumped at constant 
rate. The surface temperature, salinity and density were sampled 
continuously in real time with an averaging period of 1 minute 
for each recording. In addition, water samples were collected 
for the analysis of nutrients. The samples were then analyzed 
with an on board Technicon II autoanalyzer with single channel 
colorimeter for the determination of phosphate concentration.The 
ship position was also monitored continuously using mainly 
satellite navigation, or dead reckoning when fixes were not 
available. 

In processing the large volume of sea surface data, the original 
time series were first transposed to ship position coordinates 
making use of the available fixes. Positioning data with obvious 
errors were either corrected or eliminated based on checks for 
maximum calculated ship speed and total distance travelled. Ship 
positions between consecutive fixes were interpolated. Then the 
surface data along the ship course were projected onto straight 
paths connecting stations and filtered to eliminate noise 
originating from ship roll and wake, interference of microscales 
and other sampling errors. Contours of temperature, salinity, 
density and phosphate concentration were than passed manually 
through intercepts determined from the processed data. 

In the surface temperature distribution, a series of eddies are 
identified with cold centers to the SE of Rhodes I. <19.C), in 
Antalya Bay <2~C) and at the NE tip of the Island of Cyprus <21• 
C> , and warm centers <23°C) to the NW of Cyprus. The SE Rhodes 
eddy is the most intense among these, with two associated 
breakup eddies located S of the Gulf of Antalya. Similar eddies 
were also found by Dzturgut (1976), Anati (1984) and Ovchinnikov 
(1984) at different times. Frontal crossings with gradients 
occasionally exceeding 1°C/10 km and displaying meanders are 
identified at the edges of some of these eddies. Part of the 
frontal zone extends parallel to the coast and separates coastal 
and open sea water masses. The observed surface features are 
closely correlated with the deeper circulation. In the western
most eddy center considerable upwelling occurs as manifested by 
the deep station profiles, increased surface turbidity and 
visual sightings of seabirds, squids and dolphins. Light 
penetration measurements indicate higher extinction coefficients 
<0.2-0.5 m'> the upwelling zone SE of Rhodes as compared to 
other regions such as the warm core eddy located NW of Cyprus -
(0. 05-0. 1 m1

). 

Features that are typical of oceanic fronts <Bowma~ and Esaias, 
1978) are also identified as follows: Along the frontal zones, 
salinity is reduced through frontal mixing with the underlying 
minimum salinity waters. A significant increase in phosphate 
concentration occurs near the fronts , although it is uniformly 
distributed elsewhere and only increases with depth. Strong 
interleaving is observed in the T-S diagrams near the fronts. 
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O-VI7 
WATER MASSES OBSERVATIONS IN THE MIDDLE ADRIATIC SEA 

DURING AJEI'~-G-85 AND AJEM-1-86 
A. ARTEGIANI and E. PASCHINI 

Institute of Research and Marine Fishery, C.N.R., Ancona (Italy) 

First analyses of the data collected in the middle Adriatic Sea during 
the cruises POEM-0-85<November 1985) and POEM-1-860!ay 1986) are 
presented. 

A mass of water with a temperature around 13"'C and density 29. 15 was 
present in the Italian side of the section of Vieste. The central area 
of the section was almost occupied by a mass of water with high salinity 
<Sm .. ,. = 38.82 PSS) and a temperature of approximately 14.2 o C:.. 

This two mass of water are not so clearly present in the section of 
Pescara. In this section, instead , is present in the bottom layer an 
"old" mass of water <T=10.9<>C S=38.49 PSS 0'1::: 29.55 and AUO 1.8 c.nf'/1). 

During the winter time this mass of water was renewed. In fact during 
the POE.M-1-86 cruise we found in the two Pomo pits a new mass of water, 
originated in the north Adriatic sea, characterised by a salinity less 
then 38. 3 PSS, temperature less then 10"'C and AUO less than 0. 48 cm""/1. 

In the section of Vieste and Vasto is present along the Italian coast a 
dense mass of water with a :prj,nimum of salinity of 38.09 PSS and 
temperature of 10.17°C on thle section of Vasto. 

In the central part of the section of Vieste is present a mass of water 
with a salinity maximum of 38.77 PSS and a temperature of approximately 
14.2 oc like in the previous cruise. 

I 
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With respect to topographic characteristics Adriatic Sea can be divided 

into three distinst regions: North, Miodle and South Adriatic. Each of these areas 
are sites of deep water fonnati on. Deep water fonnati on processes take p 1 ace during 
the cold part of the year. Favourable conditions are present during the cold air 

outbreaks connected with bura wind. 
North Adriatic is the shallowest part (maximum depth 70 m) and it is the 

area of the formation of the densest Adriatic water. High density is mostly due to 

the low winter temperature of the area. It was observed that the important sinking 
and mixing of water take place in the North Adriatic frontal zone whose position 
depends on the bura wind frequency. The densest North Adriatic water spreads south
ward by advection in the bottom layer and replenishes the Jabuka Pit. Only occasio

nally this water spreads over the Palagruze Sill into the South Adriatic Pit. 
Another important area for the fonnation of deep water is the South 

Adriatic Pit. This water is fonned in the center of the South Adriatic cyclonic 
gyre and it spreads into the Eastem Mediterranean. 

In the early phase of the dense water formation process when the 

stratification is still pres·ent, the dense water does not reach the bottom but it is 

advected in the layer below the thermocline by the mean current. The seasonal cooling 
stcrts in -the coastal area of the Adriatic where the salinity is generally lower than 

at the open sea and consequently the presence of this water below the thermocline 

can be observed from the secondary subsurface salinity minimllll. 

The subsurface salinity minimum was observed in the Middle Adriatic from 

the POEM data collected in October 1985.(Fig.l). The thickness of the layer was about 

10m and salinity was about 38.3 while the sea water on both sides of that layer had 
salinity of about 38.6. The subsurface salinity mini111Um was explained in terms of 

the surface cooling caused by the bura wind in ,the period prior to the cruise. It 
was shown from the wind data for the period of 'about ten days before the cruise that 

bura was the prevalent wind. This salinity minimum is short-lived phenomenon and can 

be detected only in situations after the bura events when the stratification is still 
present. Under homogeneous conditions this salinity minimum is destroyed by the 
vertical mixing. 

Consequently this phenomenon is also present during the spring when 

the stratification develops and bura forcing is still strong. The subsurface 

salinity minimum is documented also from the salinity data for April/May 1975 in 

the area of North and Middle Adriatic which is also discussed with respect to 

meteorological conditions. The salinity minimum was observed also in the Otranto at 

the end of February 1972 where colder and fresher water of the South Adriatic origin 

sank while it met the Yonian Sea water. The Yonian water was more saline but warmer 

and advected in the surface layer northward. This subsurface salinity minimum has no 

connection with the Atlantic water as suggested by Ovchinikov (1975). 
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Fig. 1. Vertical distribution of temperature and salinity for one station in the 
South Adriatic near the Yugoslav coast in October 1985. Well pronounced 
salinity minimum is present below the thermocline layer. 
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In the period 1978-1982 winds and currents were measured in the 

North Adriatic from the platform "Panon". 

The platfonn changed position several times in that period so 

that the depth over which it was placed differed from 40 to 70 m. 

Residual flow shows clearly that the wind has much stronger influence 

on current field during the winter than during tlie sunmer. 

Signal in current field induced by the bura w1nd is the most 

prominent. Along' the :north coast of the basin and at the southern 

boundery bura induced flow is in a downwind direction. The vertical 

shear is small.Durin.g sumner large part of the wind energy is trans

ferred to inertia1 oscillations which show two-layer vertical structure. 

Generally speaking sunmer is characterized by the .weak bura-wind 

forcing and consequent1y residual currents induced by the wind are 

poor. Therefore for the analysis of the relationship between wind and 

currents, data from the winter period when the platfonn was located in 

the northernmost part of the north Adriatic have been chosen. Some 

previous analyses showed that the wind induced signal in current field 

became stronger than the background noise for the wind speeds over 

5 ms- 1• 

For the analysis of wind-current relationship only wind events 

with the wind speed over 5 ms-l have been chosen. For these situations linear 

correlation coefficient between the wind speed and surface current is very 

high. The ratio wind speed to current is in good agreement with the values 

found in some other areas. Between the surface and middepth the shear is 

much greater than the shear between the middepth and bottom layer. 

The duration of bura wind is several days, however it changes speed 

rapidly because it is typical gusty wind. During the wind spead increase the 

current speed increases linearly as a function of wind speed for the interval 

from 5 toll ms -l (Fig. 1). During the wind speed decrease the change in the 

current speed is not proportional to the wind speed changes. Some of the 

energy left in current field is probably associated with the geostrophic 

motion in balance with the sea surface slope. 
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Fig. 1. Mean hourly values of the current speed at the surface as a 

function of wind speed for the- bura event (December 4 - 71 1978) 

at the station located near the North Adriatic coast {distance 

from the coast 15 nM) . 
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OBJECTIVE ANALYSIS OF GEOSTROPHJC aJRRENTS IN THE AffiJATJC SEA 

Nedzad LIMIC and Mirko ORLIC 

Rudjer Boskovic Institute, Zagreb (Yugoslavia), and 
Faculty of Science, University, Geophysical Institute, Zagreb (Yugoslavia) 

A b s t r a c t 

The -first results of the objective analysis of geostrophic cur

rents in the Adriatic Sea are presented. Data collected during the 

"Andrija Mohorovicic" cruise in September and October of 1974 are used 

for computing relative dynamic depths. These are then interpolated on 

a rectangular grid of points, using a first-ordei ~0lynomical for ap-

proximating the mean depths, and applying both the isotropic and an-

isotropic autocorrelation functions. The objectively analyzed surface 

currents, computed relative to those at the 50 dbar surface, show a 

simi i.ari ty with the results of subjective analysis only for the aniso

tropic autocorrelation function. It is concluded that detailed measure

ments are needed to fissess the statistics of relative dynamic depths •. 

Moreover, the problem of aliasing should be approached, and a method 

for transforming relative into absolute currents should be applied to 

the Adriatic Sea data. 
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0-VIII 
PRELIMINARY RESULTS OF THE ~1EDIPROD 5 EXPERIMENT 

Claude MILLOT 0
, Isabelle TAUPIER-LETAGE 0 and Mej.doub BENZOHRA00 

0 Antenne du Centre d'Oceanologie de Marseille, B.P. 330, 
La Seyne (France) 
Insti tut des Sciences de la Mer et de 1 'Amenagement du Littoral, 
Amiraute/Jetee Nord, B.P. 90, Alger (Algerie) 

The multidisciplinary MEDIPROD 5 experiment <the Franco-Algerian 

component of the Western Mediterranean Circulation Experiment) was planned to 

study the stability of the Algerian Current, the structure of the associated 

eddies, the circulation of the Levantine Intermediate Water (L!Wl and the 

biological consequences of the mesoscale hydrodynamical phenomena expected to 

occur in the Algerian Basin. 

The Algerian ship "Ben Yahia" made several CTD campaigns in the coastal 

zone while the French ship "Le Suroit" deployed various sets of instruments 

in the whole basin during June 1986. Eight moorings with 3 or 4 current 

meters on each, set in place between 0 and 5°E, will be retrieved at the end 

of 1986. Two out of the 5 drifting buoys launched near the coast at 2°E, were 

still emitting in early September. About 160 stations were occupied with 

measurements <CTD, 02, nutrients, fluorescence and plankton samplings) either 

discrete down to BOOm or continuous in the 0-200m layer. These experiments 

were conducted w.i th the help of infrared satellite images received on board in 

near-real time from the Centre de Mi!teorologie Spatiale in Lannion. During 

the June experiment the cloud-cover was rather important and the mesoscale 

phenomena were not as intense as previously observed; nevertheless, several 

interesting results have already been obtained. 

As a general result, we have found very good relationships between 

satellite and in situ hydrodynamical data in sense that the mesoscale 

movements suggested in the infrared images were coherent with lagrangian and 

geostrophi c currents. 

CTD casts made a few weeks apart and the trajectories of the drifting 

buoys supported the fact that, as expected, the Algerian Current becomes more 

and more unstable when proceeding eastward. 

A young anticyclonic eddy located near the coast and an older one 

located offshore, both revealed by the infrared imagery, were sampled: withir 

both structures, isopycnes were clear! y incurved down to BOOm at least and, 

in particular, intense mesoscale currents were computed in the surf ace 

1 ayers. 

At the present time, the most definitive results probably concern the 

circulation of the LIW. Maxima of T and S were observed at depths ranging 

from 200 to more than 500m in the whole basin. But these maxima were less and 

less pronounced and the warm and saline layer was thiner and thiner when 

proceeding toward the coast. It is now obvious that no vein of LIW does 

follow the Algerian continental slope. Also, and as expected, the most 

pronounced maxima of T and S were encountered exactly inside the old 

anticyclonic eddy already mentionned: this clearly accounts for new LIW 

transported by the eddies (probably away from the Sardinian continental 

slope) and then released in the open basin. 
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O-VI12 
FLOW THRaJGH THE CaRS I CA CHANNEL DUR I f'.G THE Sl.M'IER PERIOD 

ABSTRACT 

M. ASTRALDI, G.P. GASPARINI and G.M.R. MANZELLA 

Stazione Oceanografica, ISDGM, c/o CREA, 

Pozzuolo di Lerici, La Spezia (Italia) 

The Corsica Channel plays an important role on the 
circulation of the North Western Mediterranean, as it was 
firstly recognized by Bethoux et al. (1982), who, computing 
the annual fluxes in the Nizza - Calvi transect, indirectly 
deduced the flow along the Channel. This flow had a 
seasonal variability and in particular had a maximum in 
winter, while strongly reduced in summer. 
Direct measures in spring and in fall (Manzella, 1985) 
confirmed this trend. 
In order to better focus the hydrological and dynamic 
conditions of the Channel during summer a series of current, 
sea level and CTD measurements were effected from July to 
September 1985. 
A generally weak flow was recorded at three sampling levels 
(-47m,-99m,-178m): over the thermocline the flow was 
Northwards (4.3 cm/s) and could be related to the sea level 
variations, while at 99m it seemed to move from the Ligurian 
Sea to the Tyrrhenian basin (-2.4 cm/s) and at 178m it 
presented a nul mean value. 
The lack of correlation in the vertical suggests a 
prevalence of a baroclinic dynamics. This is confirmed by 
the behaviour of the baroclinic shear achieved by the 
hydrological data, which tightly corresponded to the mean 
values of each current time series; the barotropic 
component could be estimated of about 2 cm/s. 
From the space distribution of hydrological properties a 
frontal structure appeared South of the sill, which induced 
a reversal of the Southward current at 100m, thus creating a 
condition of no flow between the surface layers of Ligurian 
and Tyrrhenian Seas. On the contrary near the bottom, a 
prevalent tendency of the maximum temperature level to line 
up along a North-South direction indicates a quite regular 
flow of the Intermediate water from the Tyrrhenian to the 
Ligurian sea, with a speed of about 2 cm/s, corresponding to 
a Northward flow of -0.02 sv. Then also these data confirm 
the idea of a marked seasonal variability in the Corsica 
Channel flow. 
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VARIABILI1Y IN CURRENT METER RECORDS 

IN THE NoRTHWESTERN AEGEAN SEA : THERWI.IKOS BAY 
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ABSTRACT 
Eulerian current meter data, collected during 1!:176, are used to investigate 

spatial and temporal variations of mid-depth and n"ar-bottom r"sidual currents, 
in a coastal embaym•nt of the nortl'western Aegean Sea (Th,.rmaikos Bay). 

INTRODUCTI!J>l 
Thermaikos Bay, is a shallow-ater embayment in the north-west Aegean region 

of the eastern Mediterranean Sea (Fig. 1). The area is of special interest for 
environmtmtal studi•s because it receives discharges from large river systems 
and also sewage and industrial effluents from the city of Thessaloniki, which 
has more than 1,200,000 inhabitants. Although the gen .. ral pattern of watl?r 
circulation in the area has been inv .. stigated r"c"ntly (1, 2, 3), variability in 
th" dynamical r"gim,., requir" furth"r analysis. In this contribution, r"sidual 
currents from long-term current observations in Thermaikos Bay are pres .. nted 
and th" variability in dir,.ction and sp,.ed of th" m"asur"d r"sidual flow is 
investigat .. d. 

METHODS 
Currents w"re m"asured at 4 Stations (A, B, C and D, Fig 1 and Tabl" 1). 

Self-recording current m,.t,.rs (Aand,.raa RCM4) w"r" used in all cases; these were 
deployed using an L-shap!Pd mooring array, with two anchors and subsurface 
buoyancy. Eulerian residual currents w"r" obtained, using th" Doc.dson Xo filter. 
Progressive vector diagrams (P.V.D.) w""'' analys,.d, to examin" the v"ctor m"an 
flow and chang~P~>, with tim,., of th" residual currents. The variability in 
direction of th10 residual currents with time is describ"d in t"rms of the 
'steadiness' factor '8'. Th" variability in th" spe"d' of r"sidual flow is 
assessed in terms of the standard errors of th" r"solved compon,.nts ( 1). 

RESULTS AND DISCUSSI!J>l 
At Station A, near-bed residual curr .. nts rang"d throughout from 1 ar. s-1 to 

3 em s"1(Table 1). Residual flow during all th" m"asurin "riods was towards th" 
norttw .. st. The mid-depth residual current 
wa!> in the swne direction but slightly .... , ,/<> 
higher in magnitude (4 em s·i), At Station • ;~,;~ 
B, the n10ar-bed r"sidual currents wer" . ~.;,:;;,, 
consi stenHy towards the soutl'west, at ' 
around 3 ems-!. At mid-depth, at this 
location, the residual flow on some 
occasions was towards the west/soutl'w,.st; 
on oth,.rs, it was ttasterly/southeasterly. 
Hid-depth curr10nts, w•r10, in all cases, 
around 3 an s-t. How10ver, the magn i tud" of 
th10 r"sidual flow in Jun" was notably 
high•r (approximately 6 em 10"'1) than the ,. 
other periods. Th• residual current in 
June, was assessed on th" basis of 7 days . ..L§;~~:, .... 
of obs•rvations; hence, it mi9ht not be ~--··•o··· ···.·:::-::::::\-.. ~~~· 
expected to represent long-term ....,_.._.._ ___ .....o--~-...o.~ 
meteorolo9ical conditions. At Stations C Fig. 1 Locations of s"lf-recording 
and 0 th" residual flow was towards th" current meter Stations. 
soutl'west in all cases. Th" magnitudes of Bathymetry in m"tr"s-
thiP resiaual currents varied from 2 em s"1 to 4 em s·1• N"ar-b"d residual curr,.nts 
in Thermaikos Bay repr,.s~Pnt intrusion of Aegean Sea wat"r along the "ast,.rn 
coastline, with south•rly flow in the west. This residual movement suggests, 
that a w•akly rotating counter-clockwise water circulation patt,.rn is dominant. 

Examination of progressive vector diagrams, based upon daily r"siduals 
(obtain"d by applying the Xo filter), show that, at som" stations, th,.re was 
considttrable variability with time and water d"pth, in the daily r"sidual 
currttnt sp•IPd and dirttction. In oth"r cases, th" r"sidual flow was large and 
consistently in on10 direction. At Station A, ther" ar" only small chang"s in 
daily residual current directions. R"sidual flow is, in gen,.ral, towards the 
nortl'west. Daily residual curr .. nts with an onshore compon,.nt (eastward), at 
Station A, occur infrequ,.ntly and for up to 3 days; thes" ar" also characteriz"d 
by relatively low speeds. An 10xception is the data obtained near the bottom at 
this location, during the period of August-Septemb"r; they indicat" daily 
residual currents towards th" south,.ast with speeds of th" ord"r of 6-11 em s·1, 

The outflows of the rivers (Fig. 1) are ""ry low during this period of the year 
(1), It might b" "xp,.cted, therefore, that th" relatively high daily residuals 

fABl£ 1. SlPt1011<Y OF HfASL*ED !tESI~ CURJtENTS IN THEPMIKOS BAY~(! THEIR VARIABILITY It~ OJRECTICN ~ SF'££0 tUSING r.>OOOSCWS Xc. FILTER). 

Moorinq Stauon 
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""' t.on~~;u~ L•:~;ua. (•) Ill) ::;~:~ ~;;:, 
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40-28.80 27.5 '; 1:5106-16108 !~::=::~~; 

40-30.62 30.0 1 15/06-1"'08 15106-0!/07 

40-28.20 31.0 7 17/llB-18/10 17/08-02110 

4o-zs.n 28.o z; t?.to8-ts..-to !~~:::;~~! 
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0.29 
1.2 .. 

0.38 
0.12 
0.30 .... 
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JS .. .. 
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" .. 
1!..0': li h w•tf'r d.•pth, tn Ntr•s; t is ttt. •l...,athft above se•-b•d, 1n -tr•s; o <:V> I 'I lh4' JoUI'ld•rd t'rror or H-5 c:o~rtpon•nt .,r "'1.sd1.1•J 

flOWiO<li>u. th.- uandard •rror of E-44COfiPOI\.nt of r••idu•l flow. 

towards the southeast arlO m"teorologi cally i nduc"d. The st .. adi n"ss factor ranges 
ov,.rall from 70~ to 90%; it reduces to 6~ during the August-September period. 
There are small changes in direction for the n"ar-b"d daily residual currents at 
Station B. Daily r"sidual currents are predominantly towards the soutl'west. The 
steadiness factor varies between 7g-BB'/.; it reduces to 54lt. during the August
s .. ptember period. Hid-depth daily residual currents, at this location, show 
considerabl" changes in direction with th" steadin,.ss factor varying from 52'/. to 
63lt.. Daily residual currents at Station C ar" highly variabl" with a steadin,.ss 
factor ranging from 21lt. to 67"/.. Th,.re ar" only small chang"s in th" direction of 
the daily residual flow at Station D. The d"rived steadin,.ss factor is 71%. 

Standard errors of residual currents at Station C range from 30lt. to 78% of the 
mean speed, i.e. with high variability. Standard Hrors for the residual 
currents ar" small (<30% of th" mean speed) at th" oth"r Stations. 
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O-Vl14 
VARIATIONS f>'ULTIANNUELLES DE LA TEMPERATURE ET DE LA SALINITE 

DE L
1

EAU MARINE SUR LE LITTORAL ROLMA.!N DE LA MER flb!RE 
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Institut Roumain de Recherches Marines, Constantza (Roumanie) 

Lea observations effectueea chaque jour dans la periode des 
annees 1965-1985 sur la temperature et la salinite de l'eau marine a 
la surface pres 'du littoral,dans un point situe au Nord de Oonatantza 
(44°14'N, 28°37'E), mettent en evidence de grandee variations des 
facteurs mentionnea, fait determine d' une part par lea grandee oscil
lations saisonnieres de la temperature de l'air et d'autre part par 
l'influence des eaux douces du Danube dont le debit et le deplacement 
en mer aubisaent des changements saisonniers et annuels tres impor
tants. 

Dans la periode analysee lea moyennes mensuelles de la tem
perature de l'air ont oscille entre -5,8°0 en fevrier 1985 et 23,5°0 
en juillet 1970, et celles annuellea entre 10 14° en 1985 et 12,6° en 
1966. Il faut noter lea grandee differences d'une annee a l'autre, 
l'amplitude des valeura moyennes atteignant 11,9° au mois fevrier 
(de -5,8° a 6,1°). 

En rapport avec lea caracteristiques climatologiques, la 
temperature de l'eau marine presente de grandee variations saison
nieres, les valeurs moyennes mensuelles extremes representant -o,7°0 
(mer gelee) en mars 1965 et 24,6°0 en aout 1967. Lea moyennes mensu
elles multiannuelles de la periods analysee ont oscille entre 2,8°en 
fevrier et 21,7° en aout. 

Pour le meme mois d1 observation il y a de grandee diffe -
rences d 1 une annee a l'autre, l'amplitude des valeurs moyennes oscil
lant entre 4,8° en decembre (de 2,9° a 7,7°) et 8,8° en juillet (de 
15,3° a 24,1°). In faut preciser que la valeur grande de l'amplitude 
au mois de juillet,tout comme en juin - quand a represents 7,9° - est 
due au phenomena d'upwelling qui, dans lea mois respectifs, peut pro
duire de baisses de temperature au-dessous de 10°. 

Lea moyennes annueD.es de la temperature de 1' eau marine ont 
oscille entre 10,0° en 1985 et 13,4° en 1966 et - a 1' exception de 3 
d'entre lea 21 annees d 1 observations - ont ete superieures a celles 
de 11 air, la difference positive atteignant 1,6° en 1967. 

Lea plus froides annees ont ete celles dans lesquelles le 
refroidissement pendant l'hiver a ete le plus fort, situations quand 
l'effet du phenomene d'upwelling a ete aussi plus intense. 

La salinite de l'eau marine a presente aussi de grandee va
riations, par rapport aux changements du debit fluvial et le speci
fique des courants marins. Nous precisons que de 341 km3 d'~au douce 
que la mer Noire regoit annuellement de sea fleuves, environ 60% re
vient au Danube, dont le debit moyen pour la periode analysee a ete 
de 220 km3, avec des oscillations entre 164 km3 (1983) et 292 km3 
(1970). Lea debits lea plus eleves corresPOndent aux mois mars-juin, 
avec un maximum en mai (25,3 km3, la valeur moyenne multiannuelle). 
La periods septembre-novembre correspond aux plus bas debits, le mi
nimum se situant en novembre(l2 1 6 km3). 

Etant donne la position des embouchures du Danube, dans la 
partie nord du littoral roumain, ainsi que la dominance des courants 
superficiels de sud, la zone roumaine de la mer Noire subit la plus 
puissante influence de sea eaux doucea. 

En correlation avec lea particularites mentionnees, lea 
moyennes mensuelles de la salinite de l'eau marine ont presente des 
valeurs comprises entre 10,59 en juillet 1967 et 18,68 dans le meme 
mois de l'annee 1974. Il faut souligner le fait que la valeur maxima 
de juillet 1974 eat due a 1 1 existence d' un upwelling intense. 

Lea valeurs moyennes mensuelles multiannuelles ont oscille 
entre 14,02 en mars et 15,99 en decembre et lea moyennes annuelles 
entre 14 1 32 en 1975 et 15,96 en 1983. Lea variations saisonnieres 
ainsi que celles annuelles sont en concordance avec lea modifications 
que subit le debit du Danube. 

Comme dans le cas de la temperature,on a constate aussi des 
amplitudes grandee des valeurs moyennes mensuelles de la salinite, 
comprises entre 3,13 en mars (de 12,73 a 15,86) et 8,09 en juillet 
(de 10,59 a 18,68). 

Le specifique des conditions climatologiques, du debit du 
Danube et des courants marins, determinant au littoral roumain de la 
mer Noire de grandee variations de la temperature et de la salinite 
de l'eau marine, ainsi que d1 importantes differences pour la meme 
periode de temps, d'une annee a l'autre. 

0-Vlls 
ESTIMATION OF WATER EXCHANGE AND RESIDENCE TIME 

OF THE WATERS IN THE WESTERN HARBouR OF AlExANDRIA (EGYPT) 

A.A.H. EL GINDY 

Lecturer of Physical Oceanography, Faculty of Science, 
Alexandria University, Alexandria (Egypt) 

Abstract The western harbour of Alexandria which receives about (90x10\1
3
dayl 

Of'"TreSfi water from Noubaria Canal, has an outflow to the adjacent Mex bay 
(about 92.9x106 m3; rronth), and an. inflow of about 89.9 x 106 m3; nonth. 

These estimates are based on salinity data, rainfall arrounts 1 evaporation and 
fresh water runoff inside the basin, considering a two la;er rrodel. 
The residence tirre of the harbour water, estimated from water budget and inde
pendently from sea level changes, was found to be between 21.7 and 30.7 da)S with 
a good agreerrent betwe(!.n the two methods of calculations. These results are 
irrportant in the calculation of the pollutants and the trace metals mass balance. 

Material and discussion The western harbour of A_le.~andria, Fig (1) is a major 
corrurercial harbour with a maxinrum depth of about 18 meters, mean depth of about 
10m. and a surface areanearly 7.5 x 106m2. The harbour and the polluted Mex bay 
waters are comrrunicating by the harbour nouth in the SW. The maximum range of the 
tide in the harbour is about 33 em. Rady (1979). 
The estimation of the residence time of the harbour water and the rate of water 
exchange with the Mex bay is irrportant in the mass balance calculations for the 
different pollutants. 

A- Water exchange between the harbour and Mex bay: .. _ 
The two la )Srs nodel is a valid h ;pothesis in the western harbour where there 
is a fresh water inflow and a relatively week tide. Assuming that both of salt 
and water volume are conserved in the basinJ the annual neans of the outflow 
to Mex bay (Qo) and the inflow to the harbour (Qi) can be calculated by 
equations ( 1) and(2) 

Qo = outflow = QR~.,.5,1,_..~
1..,s""o-

So 
Qi = Inflow = QR--,----

Si - So 

Where QR = water from Noubaria canal + rainfall - evaporation. 

( 1) 

( 2 ) 

Si and So are the mean salinities in the deep high saline la )Sr ano upper low 
saline la)Sr respectively. The data used to estimate (Qo)and (Qil are the 
salinities taken in the harbour ( 1960 - 1961) presented on vertical sections 
by Farag ( 1982 ), estimate_& of nonthly means of evaporation and rainfall given 
by Hamed (1979) and the rate of fresh water flow in harbour ( 90 x 103m3; day) 
Abou El Dahab ( 1 985 ) • 
The t )pi cal calculations are shown by table ( 1 ) using the annual mean values 
of Si/(Si-So) and QR• the outflow is about 92.9 x 106 m3; nonth, while the 
inflow is 89.9x1 o6,.3 Aronth . 

B- Residence time of harbourl. water: 

This has been estimated by two: methods:-
1- Using th.e rate of outflow (Qo), and the given volume of the water in the 

basin J the residence tirre is given by the eGfuation ( 3) 

Volume of the basin ( 75 x 1o6 m3) 
t = 24.2 days (3) 

2- Lisitzin (1974) estimated the renewal time of Baltic sea from day to day 
positive and negative sea level changes • Since the western harbour is 
a small basin, the sea level could have the same phase in the whole basin 
and the hourly values of sea level could be used for this purpose • T;pical 
results are shown by table (2) where residence time 

mean water depth ( 10 m ) 
t = 

man ths --;So::-:u-:om-o-,f~p:-:o:-s.,-i t""i""'v.,..e _s_e_a -;1-ev-e-;l-:;ch,...a-ng_e_s __ 

in meters per nonth. 

This method gives an annual mean residence time of the harbour about ?6 .6 da )8 

which is in a good agreement with the estimate from the water budget met-hod. 
This proves the validity of sea level data for this t ;pe of calculations in 
the harbours .. 
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changes in the Sea level of 
the western Harbour of 
Alexandriajand its water 

38.2 n.o 
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WATER MASSES OFF THE EGYPTIAN MEDITERRANEAN CoAST 

AND OFF THE QATARI ARAB GuLF CoAsT 

Hassan Mostafa HASSAN 

Marine Sciences Department, Facu.Lty of Science, 

University o:t Qatar (Qatar) 

---orne water masses of the Mediterranean Egyptian cbast were 
compared with those of the Arab Gu1f coast (east of the state 
of Qatar). The Mediterranean winter (February 1971) and summer 
(July 1971) conditions were compared with those of the Gulf 
winter (February 1984) and summer (July 1985). The study shcMed 
that although the two water masses have sane similarity as a 
result of the fact that the rate of evaporation exceeds preci
tation, yet there are sane diferrences in the water masses 
resulting from some differences in the ]Jhysica.l conditions. 
~CN 

As sem1closed water bcdies located in nore or less similar 
semiarid =nditions, the water masses in the Eastern part of 
the Mediterranean and the Arabian Gulf must show similar 
characteristics with some differences as a result of the 
differences in the physical variables. The rate of evaporation 
and cosequently the rate of water exchange between the two 
water bcdies on one side and the outer oceanic waters, the 
difference in depths and the water volume, in additon to the 
differences in the tidal motion represent some reasons why 
differences occur between the water characteristics. 
WATER TEMPERATURE 

The summer water temperature in the area of investigation 
of the Eastern Part of the Mediterranean Sea varies from 
13.00ct below the thermocline to 27.00 ° C, at the surface. 
The presence of an established thermocline layer is observed 
clearly btween 30 and 50 meters. The winter temperature of this 
area ranges between 13.00 and 18.00 ct, where winter 
covection is very clear (2) & (7). In the Gulf the summer water 
temperature varies between 24.00 and 28.00 o C, while in 
winter it ranges between 22. 00 and 23. soo C ( 4) & ( 5) . Due to 
the shallowness of the Gulf water it is difficult to recognize 
a summer thermocline layer. 
SM..INITY 
--c;enerally salinities in both areas are abnormally high 
resulting from an intensive rate of evaporation. However it is 
higher in the Gulf where the annual rate of evaporation 203 em 
(1). In summer, salin:i,ty in the Gulf area varies between 38.50 
%.near the center of the Gulf and 40.60 %.in the inshore waters 
of the southern part of the area of investigation while in 
winter and in southern inshore parts of the area it exceeds 
41.00 % •• The Mediterranean salinity in summer ranges between 
38.5 %. and 39.9 %., in winter it is between 38.80 %. and 
39.90 % •• 

TEWEPATURE SI\LINITY RELATICN~ AND WATER M\SSES 
Fig. (1) shows the T- S d1agram for SlX <J,eep Mediterra

nean stations, in addition to three deep stations in the Gulf 
waters for the two mentioned seasons of summer and winter. As 
can be seen the differences in the characteristics of the water 
are very clear between the summer and winter in one and the 
same area. While the water =l\.lllii1 is more or less vertically 
hcm:geneous and salinity is the same in the winter Medi terran
ean, the summer conditions reflect two distinct water masses 
Fig.(2). The first one is high temperature, high salinity 
surface layer and the se=nd deeper one is of lower salinity 
and lower temperature. In the Gulf water, the summer conditions 
show the presence of subsurface high salinity high temperature 
water mass ( as a result of the shallowness ) • In winter in 
addition to the decrease of the water temperature the water 
masses show the maximum annual salinity. 

1_ 

Fig. 2 Wafer ma.sses 

Fig. 1 T- S relationship 
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ABSTRACT 

MATERIAL TRANSFER MECHANISMS IN THE AEGEAN SEA 

E. IZDAR, A. MUEZZINoGLU and A. AKYARLI 

Institute of Marine Sciences and Technology, 
Dokuz Eylul University, Izmir (Turkey) 

An extensive study on the material transfer mechanisms in the Aegean 
Sea has been undertaken by the Institute of Marine Sciences and 
Technology. 

Water mass movements, stratifications and current patterns in the 
region are studied as the first step to explain this transport 
phenomenon by using the data obtained at 126 estuarine, coastal and 
open sea stations during seasonal cruises starting in 1983 and still 
going on. Monitored parameters as well as their sampling, preserving 
and analysis methods are in accordance with UNEP/MED POL II project. 

At a large scale, there are two main water inlet/outlet ports in the 
Aegean Sea: two open sea ports at the east and west of Cretes and the 
Dardanelles. The evaluation of three dimensional spatial and temporal 
variations in salinities, clearly indicates the effect of Black Sea 
origin waters reaching through Bosphorus-Sea of Marmara-Dardanelles 

system on water mass movements and thermohaline characteristics in the 
Aegean Sea. This water pouring into the Aegean Sea with an average 
discharge of 6500 m3 /sec creates a counterclockwise surface current 
toward western shores and also a double layered stratification in the 
Northern Aegean. On the other hand, freshwater inputs of Anatolian 
rivers and creaks are usually unimportant in a large scale but affect 
the current patterns and stratification properties of the estuaries or 
bays they discharge. Besides these findings, by the interpretation of 
existing current data, the effect of the meteorological factors, 
topographical irregularites at the sea bottom and discontinuties 
created by islands on current patterns are discussed. 

Finally, material transfer modelling in the Aegean Sea and along with 
land based sources and material flushing in (and out) from (and to) 
adjecent seas are studied by using the measured concentrations or some 
heavy metals, phosphates and nitrates which are used as selected 
indicators. 
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ESTIMI\TION OF THE VERTICAL VELOCITY IN THE EAsTERN MEDITE-RRANEAN SEA 

Mohamed A. SAID 

Institute of Oceanography and Fisheries, Kayet Bey, Alexandria (Egypt) 

This paper deals with a simple model of calculating the vertical velocity of the Eastern 
Mediterranean Sea currents during the summer and winter seasions and to obtain a more detailed 
spatial representation of the sea-water motion. On the basis of the results of calculations 
of the horizontal circulation the vertical velocity can be estimated using the equation of 
continuity (Taslakof et al 1980): 

. ~ ... k ... k::o 
(jx 7J Y Ciz 

(1) 

whe•·e u and v are the horizontal components of the current velocity in the x and y directions 
respectively. 

The appropriate boundary conditions are as follows: 
at the sea surface 

z 0, w = 0 

and at the depth Z z 

- ) 
0 

w = 
the geostrophic balance equations are given by 

, aP 
..P1 ~ dP 
7~ 

ZW"""sin~.v 

-Z~sin ~-U 

~hpere 2W's ~np~ is the coriolis parameter 

'aX and ~ are the horizontal pressure gradient. 
J the sea water density. 

( 2) 

( 3 ) 

From equation (3) and by integration (2) we can obtain that 

"de 2>k"stn ¢) v:: 
()y 

~+ dV 
dX ~ 

( 4 ) 

R is the radious of the earth 
from equations (2) and (4) z 

W::- ~) v.dZ (5) 
R 0 . . ( . 

The horizontal compoenets of current (u,v) were calculated us<ng the dynamJc method Sa1d, 
1984). The reference level was taken at 1000-deciber surface for both summer and winter 

RESULTS 

Fig. (1), illustrates the vertical current velocity at 50 m level during the summer seasqn. 
From this figure the areas of water rising are coincide with the central part of the Levantine 
cyclonic gyre. Sinking in the Eastern Mediterranean is found in the Libyian Sea and the borders 
of the cyclonic gyre exists in the Levantine Sea. The values of the vertical velocities in the 
Eastern Mediterranean were of order of 10-4 em/sec. 

The distribution of the vertical velocity at the other levels ( 50 m, 100 m 250 m and 300 
m) during the summer and winter seasons have the same character as that was observed in 
fig. (1 ). 

Fig.(l): Distribution of the vertical current velocities at 50 m 
level during the summer season (lo-4cm/sec). 
1- Area of water sinking 2- Water rising. 
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PHYSICAL OCEANOGRAPHIC ASPECTS OF THE 

WESTERN AE!~EAN SEA : NoRTH EUBOIKOS GULF 

E.Th. BALOPOUWS(l), E.J. PAPAGEORGIOU(!) and S.N. LEONDARIS(
2

) 

(1) National Center for Marine Research, Hellinikon {Greece) 
(2) Department of Geology, University, Athens (Greece) 

ABSTRACT 
Temperature and salinity data, collected in 1983, are used to 1nvest1gate 

hydrographic conditions in the North Euboikos Gulf (Western Aegean, Greece). 
Eulerian current measurements are also examined to study spatial and te·rnporal 
variations of near-surface and near-bed currents . 

I NTRODUCTI ~ 
The North Euboikos Gulf, on the eastern coast of the Greek mainland, is an 

elongated embayment, with depths below lOOm at its southern section, but 
reaching 420m in the· northeast (Fig. 1). It is joined with the South Euboikos 
Gulf through thl!' Euripus Channel (sill depth Brn; width 40m) and with the western 
Aegean Sea through the Oreos Channel. The area is of particular interest for 
environmental studies because it receives frest..Jater from underwater spring:., 
which are found particularly in its southern section (1), (2) and (3) and also 
the slag from thR 'LARKO' iron-nickel alloy smelting plant. This contribution 
is concernl!'d with an initial assessment of physical oceanographic conditions 1n 
the North Euboikos Gulf and the Oreos Channel. 

METHODS 
Water temperature and salinity data from selected depths, were obtained using 

conventional instrumentation. Eulerian current observations were made, in the 
near-surface and near-bottom layers, with the help of self-recording current 
meters (Aanderaa RCH4); these were deployed using an L-shaped mooring array with 
two anchors and sub surf ace buoyancy. 

RESULTS AND DISCUSSION 
Thl? analysis of temperature and salinity distributions, in the North Euboir,o:. 

Gulf during su!Mler (August) ,indicated a surface mixed water (24.0-25.o•c, 37.0-
37.1) layer (exH.nding down to about 20m), a thermocline, an intermediate layer 
of minimum salinity (36.65 at 50m) 
and a fairly homogeneous bot tom 
layer of low temperature (12.0-
13.0 •c) and of relatively higher 
salinity (37.2-37.4). In autumn 
(November), due to convectional 
mixing, the surface mixed layer 
(16.0-16.5 •c, 37.1-37 .2) extended 
deeper (down to around 50m). The 
intermediate layer of minimum 
salinity was observed at 75m. 

In the Oreos Channel, sea water 
salinity increased with increasing 
depth. The intermediate layer 
of minimum salinity was not 
formed here. Seasonal salinity 
observations carried out in the 
South Euboikos Gulf, by other '-------------"'--.._...:...;;;,.a 
investigators (4), indicated that, Fig. 1 The study area (depth contours 1n 
throughout the year water salinity m), showing the location of the 
here, remains higher than 37.5 oceanographic sampling stations (e) 
and, in general, increases with and the current meter stations (A.). 

increasing depth. A likely mechanism for the formation of the intermediate layer 
of minimum salinity, in the North Euboikos Gulf, is mixing between the sea water 
and fresh.Jater supplied by underwater springs (Fig. 2). 

SE NW 
STATIONS 

Fig. 2 Vertical distribution of salinity 
along a central section: (a) 
during surrwner, and (b) during 
autumn. For location of stations, 
see Fi9. 1. 

o ___ skm 

3 Progressive vector (PVD) 
diagrams for daily 
residual water movements 
in the North Euboikos 
Gulf (Station C1): (a) 
near-surf ace between 
22/08/83 and 26/09/83; 
and (b) near-bed between 
22/08/83 and 26/09/83. 
For location of Station 
see Fig. 1. 

Upper layer salinity in the Oreos Channel decreased eastwards, suggesting that 
surface water of relatively low salinity is likely to be found in the western 
Aegean Sea, this being due to spreading of brackish water from Thermair,os Gulf 
(5) and the Slack Sea (6), (7) and (8). 

In the North Euboikos Gulf, currents are, generally, weak; that >s, of the 
order of 5-15 em s-1 at the near-surface layer, reducing to <5 em s-1 in the near 
bed layer. Near-surface daily residual currents are· predominantly towards the 
northeast; they appear to be the response of the embayment waters to long-term 
meteorological conditions with cycles of 5-7 days. Changes in direction of daily 
residual currents are particularly noticeable in the near-bed layer (Fig. 3). 
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CONTRIBUTION OF NESTOS RIVER TO THE WATER CIRCULATION 

OF i<AVALA B<\y IN NoRTH AEGEAN 

T. KARDARAS 

Hydrographic Service of Hellenic Navy, 
Department of Oceanography, Cholargos, Athens (Greece) 

In t!-'"1e pr·.:·5ent st1.1d~, t.he· influx of '»armo:-r and lowe-r" ::.alinit~· ~·.f-ELto?t" intc• 
1h..: f<atJ.:tl-!:1. ba:,.• lr1 Horth Aegean is examino:·d. The study of t,e·mpo.trature and 
~.::s.Jinit~-~ time ;: . .;Tie~, -!:I.S- t,he·y t,J.:·re r'"'e-corde-d .at t-hree- locations v.1it-h moot"€-d 
c~.wr-·ent rti!?t..t-r-:::., .:,:.r(,blned •,Jith the ·~bs.;·rv.;·d ClJrt"'e-nt fie-ld r--.:-s!Jlts that, ,,~.:..r·met .. 
:;.nd J,:,,,.~e-r· ~al w.:s.ter·· enters into the .;s.re·a 1,hrough Thas:sos islar,d c!H:s.r·,ne·l. 
It. is bel ie·ved the origin of t.he:· ~-tt~uctw"e c•f this t..tato:.·t" mass is. Nest,c•s'· 
t"l''O::T t,.;.ater· t..thi·:h 13 kw €-ast of th~· bay <Fig.1), 

Th..::· studv of st.wfaco;: bottom s~dir11e-nts of !Cava1a bay (lykousis, 1984) sho•,J
~d tha1' .. fin~-9rained rnater·ials predo!T,lnate all·oo..-'er the- bav.Thls conclusion cc·
mbined wit.h: (a) The- :=-ma..11 v&lu~s of wate-r tr-an:sp-&re-ncy rn~asure-d with a :f.ecchi 
di ::c at the ea.::. tern .ar.d southern part. of t-he bay, (b) The existence- of i 11 i te 
mineral ln gr~·at q1.;antitles in the bay"'s sediments and (c) the movement of 
:s•..1spe-nde-d materials fr·om Nest os r~ i ver, a.s it is der· i ved from .aeri a.l phot ogr.aphs 
dr·ive-s to the genet .. al con..:lu:;:.ion that, He::.tc•s river is th-e main sour·se ot"' 
s•.;•:.p 1 y for· the f; ne-gra 1 ned sediment::. of Kava 1 a bay. 

The study of ba>'"S cur··re-nt field (KaPd.a.ras, 19.84) using d.:..ta r·ecorded 
1.1.1ith cur·rent mete-r:3t ,s.howed that..: (a) The· •..Jate-t .. circulation is ·mainly wind
dr·lve-n .and (b) When E or SE wlnds blo41 over the ar~·.a warmer and lowe-r salinit)J 
vJat~e-t"' enters i nt•) th~ ar"'ea frorn east. 

Data t.l:S€"d ~,.,er-e colle-cted at thr"'E'o? 1 ocat l ons with A.ANDERAA cut"'re-nt mete-rs 
fc•r a three- 1JJ'.?€'kZ rreriod, May 17, 1983-J!..mE' 7,1983 <Kardar.as, 19$4), At ,;z.;s.ch 
location A, B ar1d C <Fig.1) one S'-~b-s.urfa•:e mo•::win•;l de-ployed c.art"'ied two ct.w
t"'t:nt met.e-t"'S. The-se l•!>?re 1 oc at e·d at d'i'pt hs be 1 Ol·J MSL of 9m and 5m above the 
bottom , ... ecordlng the horizontal velocity cc•ri,ponent~, the- 1'~e-mpe-ratur·e-, thE- con
ductivity and the- hydrostatic pt~e-ssut"'E' of the '~'ater mas:s. During the- observa
t-ion period hour·ly valuo:-s of' 1...1ind t"'ie-ld pat"amet~·r·s (dir~·ction, speed, bar·ome
trlc pr.:-sz•Are-) and heights of sea level ,,Jith a tide gage 1...1ere recordt?d at 
co.;,..st-rtl stations (Fig.1). 

In the time se·ri es of tempe-r'ature and salinity, t1~1o .::·ve-nts are obset"'ve-d 
both a:;.-:;.ociat<:-d by a. movement of warmer and lo\•J<:-t ... salinit~) watet"' mass• dit"'ect..::·d 
from .:·ast, t•J west. Figur·e:s. 2, 3 and 4 show 1'-tie- time series of' tempe-rature, 
sal iniq..', ve-locit·y and direct~lon of· curr.;·nt r·e-cor·ded at the top curr·ent me·ter 
at. lc•cation A. 

The fir·s.t of the events coincides vJith an atmospheric distUf'bance bet
we-en Nay 23, and May 24, 1983 when a c•:>ld front p.assed over the are·a. The 
pa.:.sage c•f t h€· front Mas characterized b)-• a d.;·cr·ease of barometr· i c pressure and 
a ccwt"'>?sponding 1ncreas.e of mean sea 1e• . ..Je1. Alsc•, e.3.sterl)' winds·were reccw·do:d 
with a spee-d up to ?. 7 m/sec. 

Dut"' i 1'"19 the second event observed bet t.Jeen May 28 and t1ay 31, 1983, tho.::· 
varl.:1tion:s of the tempe-t .. ature and :sal initV we·re ac·companied by a :strong anti 
c~)C 1 on1 c fl Ol..J of the t..1.a.te-r mass at the ba))· The recorded cuPrent speed had a 
rr,agnitud>? up to 45 em/sec. ln contr'ast, t.he mean curre-nt speed during the t"'est 
o_f the per· i od was 1 e em/sec. The:· par"'ame:·t e:t"':s." c hang€" appeare·d f 1 rst at l oc at ion 
C. {ind subseque-nt lv at locat.ions B and A. 11', should b>? added that, dut .. ing the 
.:tbove peTiod l.}ery 1 igt-h winds wer·e- recorded and a d>E-ep low passed :south of 
Thassos is 1 and 

The- gee logic a 1 i nformat 1 on .:tnd the c ut"'t"'ent f' i e 1 d during the obse·rvat ion 
p.s·r·iod, suggests that, the vJate-r of Nestc•S river is the responsible f.actor fop 
\.he generation of the war"'mer and lowE"r Salinity water which er1ters inti!- Kavala 
bay f'r·oro ea,st. 

The water mass circulation during 1',h€· pE't"'iod between May 23 and f1ay 24, 
1983 can be attributed to the moderate est~·rly winds. Although the par.:s.me-tet"':=." 
var·1ation was ~-tt"'onger at t.he top cur·t"'e-nt me-t,ers than at the bottom ones, it 
1:;. bel ie~)e-d that~, more .intense easterly winds, than they pre-vaile-d, vJo• . .dd 
influence the circUlat.ion of the en1',lr·e- t,later column and not only t,he top 
St.lrf ace- 1 ayer. A data set of curre-nt me-as•..lt"ement::. t'"'<:-c orded d1..1r 1 ng t1ar·c h 1982 
showed a E>imilar pict.ur·e of the w.~te·r clr.::u1ation in the inner· par·t of the 
bay <Kar·dat'"'a.s, 1'384). 

The change of" ternpet"'atur•e ar1d sal as well as the s.tror.g bur·st of 
·~t~r-·r··ent ~)o:.·locit.)J during t•·~e p.s·r·iod be-1,~.>Jee·n 28 and 31, 19~3, seems not 
to ha .... •e- any d i r·o:-.;: t re- lat. ion t •J the pre-va 1 1 i ng ~,., i nd ove-t._, the a.r·e-.a. The 

~~::~ ~~ i ~~~-:·o~r~~tj~~:zt ... ~~:~~=~~rs •.vas rr,ore i nt.ense 1p the second e-v.:-nt th.;s.n 

The i nf1 U>~ of the vJ.ato:·t"' F(•a::.s 1 nte< the bay thr·•::n....~ghot.Jt Thasso:=. is l.:tnd chan-
nel, i.E- .:1 ·:har·acteristic barotroPic mct.lc•n, t.<Jhlch c•.J!.~ld be at,t,r"'ibllted to tho;: 
pr··o:·ssure- gr·adient >::·~-<te·nt.E""d ot..~t·r· tho:· ar'"'ea. ,ju>::- t,o t-h~· 1:..3-::.s-.:·d b.~rometric- lo1,J. 
Th 1 s par·t, 1 v c c•nf i r'med by the d i ffe-r~·nc e ob;;:.oa·rve-d ::tmon·~ the sea 1 eve 1 "'s r'·>::-CC•r·d.:-d 
'.)a 1 t-Ies •:'If 1', he- t. ide •;l·:t·~e and t.he pre·s::.• .. w.:- sensor's •:•f c t.lrT·ent. meters. 

24·1~' 24.20. 24.30~ 2.4.-40. 2-4'"'!10' 2'!1. 

Flg.1 ThE" ar~ea of Kavala 
b.a.y ar1d N•st os t"'1-

i n t~ot"t h Aegean 

Fig.3 Velocity time ser·ie 
at the top currertt 
meter of location F. 
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THE PHYTOPLANCTON BICXV1ASS AT THE SURFACE MICROLAYER 

Riedh Abas ABDUL-JABAR 

1\Tuclear Research Center Dernokritos, Aghia Paraskevi, Attiki (Greece) 

The present investigation will provide some information on 

the phytoplankton abundance in the su.c-face microlayer in relation 

to its concentration at 1m depth in the Saronicos Gulf, Aegean 

Sea. During the period October 21 - December 6 1985, water 

samples were collected from the surface microlayer (2 em) and 

1m depth at 13 stations of the Saronucos Gulf. The surface mi

crolayer was sampled by the method described by Hardy (1973) and 

modified by Ignatiades (personal communication). Chlorophyll 

samples were filtered (Millipore HA Filters), extracted in 90% 

acetone and measured with a spectrophotometer (Strickland and 

Parsons, 1972). The phytoplankton samples were preserved with 

Lugol iodine solution, settled in 10 or 50 ml chambers, and 

counted with an inverted microscope. The results of temperature 

(19.2 - 21.3 C) and salinity (38.69 - 39.57°/oo show that the 

water of Saronicos Gulf was well mixed in 1 m depth from October 

to December. 

Fig. shows the change in chlorophyll ~ concentration 

the film and in 1m depth from October 21 to December 6 at 13 

stations. It is seen that the concentration levels were similar 

for both the film and 1m depth from Oct. 21-29 (st. 1-4) and 

from Nov, 15 - Dec. 6 (st. 9-13) but they showed a marked short-
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-term variation in 

concentration from 

October 31 to November 

11 (st. 5-7). 

This higher varia

tion in chlorophyll ~ 

concentration between 

the two sampling levels 

was not due to the in

cident radiation or tem

00 ~-L~--J__L __ L--L~--~~--L-~~~Lperature, as it was shown 

2 3 4 5 6 12 13 by the correlation ana-

STATIONS lysis. 

The ratio Chl. a/chl.c might be a qualitative index of the 

phytoplankton population (Margalef, 1967). In this investiga

tion the data of Chl.a/Chl.c ratio for both the microlayer film 

and 1m depth are 

given in Fig. 2. The 
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value of ratio Chl.a/ 

Chl.c in the micro

layer film ranged 

from 0,16mg/m3 to 

1,53 mg/m3 while at 

1m depth it ranged 

from 0,42 mg/m3 to 

2,86 mg/m
3

• It is 

seen that the con

centration levels 

have high difference 

in variation. 

The results 

show that there was 

a difference in the community structure, or they might be 

existed physiological differences between the populations of 

the surface microlayer and 1m depth. 
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P-I2 
EvOLUTION DU DEvEl,.OPPEMENT QUANT!TATIF DU PHYTOPLANCTON 

DU LITTORAL ROLMA.IN DE LA MER NOIRE 

Nicolae BODEANU 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

Le processus ::l' eutrophisation qui se ci~roule dans la partie nord-ouest de la mer 
Noire a impliqu~ des modifications importantes dans la structure et clans le u9veloppement 
quantitatif ,;u phytoplancton des eaux du littoral roumain (1, 2, 6). En no us rMerant seule
ment aux caract~ristiques d 1 ordre quantitatif determin8es:::: pa~ l~s modifications Uu phyto
plancton, no us mentionnons 1' augmentation, -'a partir des ann~es '70, de ses biomasses et 
JensitBs, la croissance du nombre d' esp'Bces de masse, les fr~quents ph~nom8nes de flo
raison de l'eau (?_, ~). 

En conco~afice avec la maintien, dans la partie nord-ouest de lamer, de stocks 
encore relativement grands. de nutrients, les caract8ristiques respectives ont continue a 
se maintenir aussi pendant la derniere periode, fait qui resulre des donnees synthetiques 
suivantes sur le developpement quantitatif du phytoplancton pendant les trois clernieres an
nees (1983-1985) dans les eaux du littoral roumain, jusqu'a environ 30 milles rte la cote: 

1 • Les quantites de phytoplancton ont continue a "ihre elevees, pour les annees 1983-
1985 la moyenne generale de densite etant de 1. 616.144 cell.l-1 ' et de blomasse de 5.525 
mg.m-3, valeurs respectlvement 1,3 et 3,4 fols plus grandes que les moyennes corres
pondantes que no us avons enreglstr&s pour le m&me secteur pendant la perloc<e 1960 -
1970 (2). 

= 2. Le nombre d'algues qui ont realise des developpements massifs a C0<1tlnue ·a. 
etre important durant la periode donnee, un total de 47 especes depassant les valeurs de 
denslte de 1 00.000 cell.C 1 ; pour 1 5 d! entre elles les valeurs maximales ont ete de l I or
dre de millions de cell. r 1 • 

3. Les amples ph€-nomenes de floraison de 1 t eau ont continue 3.. se proaulre; les es
peces impliquees (avec leurs densites maximales pour 1983-198~1'etant Exuviaella corda
!;j,_(43,5x100 cell.l-1en 1983), Eutreptia lanowii (51 ,5x106cell.l en 1984), Sceletonema 
costatum(141 ,4x106cell.l-1 en 1984) et la diatomee de grande taille Cerataulina bergonii 
(5,2x106 cen.c

1 
en 1984). , . . , . . , ~ , 

Il faut noter que, en dep1t des quant1tes de phytoplancton qm contlnuent a etre ele
vees' nos donn~es mettent en evidence une diminution de celles-ci. Sur l I ensemble du lit
toral roumain, la biomasse moyenne enregistree en 1985- 4. 74~mg.m-3- appara.lt redu
lte de moltle par rapport~ celle evalu~e en 1984- 9.065 mg.m- • Les observations multi
annuelles sur le phytoplancton et les parametres chlmlques des eaux de Constanta,effectu
~es a des lntervalles de 2-3 jours pendant la perlode avril-octobre, mettent en relief une 
nette tendance 'a la r~duction de la biomasse des algues planctoniques au cours des derni
~res ann€es, tendance concordant avec les importantes diminutions des nitrates, nitrites, 
silicates et - dans une molndre mesure - des substances organiques· (necessaires elles 
aussi a un groupe d 1 algues mlxotrophes). Cons~cutlvement aux reductions quasi-continu
elles' les parametres respectifs ont atteint au cours de la derniere annee - 1985 - les 
plus basses limites (Fig. 1 ). 

Il eSt a remarquer auSSi que 1 I ampleur deS phenomenes de floraison de 1 I eau, pro
duitS par Exuviaella cordata - la plus importante des especes qui aient dtitermine de tels 
proCeSSUS SUr le littoral roumain (? > :t) - S I est redult d I Une annee a l I autre UUrant la p/i
riode 1982-1984, et en 1985 on a constatl leur absence to tale. Si en ~te 1982 E. cordata 
atteignait la colossale denslte de 463x1 0 cell.l-1 'dans les trois annees suivantes ses !:'a
rima annuels ont souffert de remarquables diminutions successives:43,5x106 , 35,5x10 et 
0,69x106 cell.C1 • Ce fait concorde non seulement avec les particularites hydrologiques 
des lites des annees respectives' moins favorables au derpulement des phenomenes de flo
raison donn~s, mais aussi avec les diminutions du contenu nutritionnel de 11 eau de mer 

durant les periodes de developpe
!;::,";.. 5::1:. t ~ .... ~~ ment maximal annuel d 1 ~ 
~~ ~~Q.~ -~~ <> ~ cordata (~). < '.;:. 

6 
1 '? En mlfme temps ,on observe que 

~ 1 i f d' autres especes productrices de 
"""! 1 j'..,.j5 phenomenes de_ fl~raiso:' sont molns 

I . j abondantes.. Ains1, Goruaulax poly-f.., ~-~ • gramma, qui ;;;dans 11 intervalle 1977-
1 I I ! 1982 produisait annuellement d 1 am
j 1 j.-1 ples floraisons dans la seconde mol-

a-ex · ~.2 ti6 du printemps, ses densit6s arri-
! ! • vantjusqu 1 ~97,6x106cell.C 1 (en 
I I ! 1978), a cesse pendant la plirlode 
j 1 i--! 1983-1985, de determiner de tels 
~ 1-'""j 1 phenomenes, l~ densite maximale " . i pour 1985 se reduisant a 0' 7x1 o6 
I ! • 1 cell.l-1 seulement. Les valeurs ma-
j l..2w I ximales annuelles de la diatom lie 
j j Cerataulina bergonii ont diminu/i de 
• • 14x1o6'fell.l-i(en 1980)8. 5,1x106 
! cell.C (en 1985). Au rang des es-
1 peces de masse qui ont subl cons-

.lhntfi. tamment d 1 importantes diminutions 
~$ par rapport aux valeurs de la pe-

riode 1971-1982 ~), on peut citer aussi: Thalassiosira parva, Cyclotella caspia, Rhizoso
lenia fragilissima, Chaetoceros slmllis, C.curvisetus, Thalassionema nitzschioides, ~
tzschla seriata, N.delicatissima, Gymnodinium rhomboides, Dictyosphaerium pulchellum, 
etc. 

Certes' on n I oublie pas qu 'a part les nutrients' toute une serie de facteurs eco
logiques, parmi lesquels les hydrologiques et climatiques ont une r8le extrgmement impor
tant dans la diminution des densit/is des especes de masse, et par consequent sur l 1 ampleur 
des floraisons (_:~), ainsi que sur la reduction cies quantltes de phytoplancton. Mais il est 
evident que le VOlUme de la baSe nutritive a Un r8le primordial SUr l I importance de la Va
leUr de la masse phytoplanctonique, ainsi que sur la production des phlinomenes de florai
son de grande ampleur. La consequence de ces reductions enreglfltrees ces dernieres an
n8es a Bt€ b8n6fique pour l'Bcosysteme; en effet, aprBs les floralsons, n 1 ont pas eu lieu 
d' aussi graves mortalites de la faune benthique que les annees precedentes (~). 
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DISTRIBUTION VERTICALE DES CHLOROPHYLLES PlANCTONIQUES 

DANS LES EAUX VOIS!NES DE L'ILE DE MciJORQUE 

Miquel DURAN et Javier JANSA 

Centro Oceanografico de Baleares, Apartado 291, Palma de Mallorca (Espana) 

L' objet de cette communication est d' essayer de presenter un modele de 
cycle annuel de la distribution verticale du phytoplancton, elabore d' apres des 
observations sur la concentration des chlorophylles, obtenues entre 1975 et 1979 
au cours de 10 courtes campagnes faites a bord du B.O."Jafuda Cresques". La fig. 
1 montre la situation des stations ou sont faits les echantillonages. Dans les 6 
premieres camp agnes ( d' avril 1975 a juillet 1976), on a visi te toutes les sta
tions, lorsque l 'etat ·de la mer n' a pas empeche de le fa ire, tan dis qu' en mars 
et septembre 1978 et en mai-juin 1979 on a pris des echantillons uniquement aux 
stations 5, 7, 8, 9 et 12, et seulement aux stations 7, 8, et 12 en juin 1978. 

L' evaluation des chlorophylles a ete fai te sui vant la methode proposee 
par SCOR - UNESCO. Pour assurer une dissolution rap ide et efficace, les echanti
llons ont ete soumis a l' action pendant 15 minutes, d' un generateur d' ultra-sons 
de 50 Khz, 700 w. Dans la mesure du possible on a mesure 1 'absortion a 663 nm., 
mais dans la plupart des cas on a dil avoir recours a la mesure de la fluorescen
ce relative a l'aide d'un spectrofluorimetre Perkin-Elmer a deux monochromateurs 
Les valeurs fluorimetriques ont ete etalonnees a 1' aide des dilutions d' extrai ts 
acetoniques mesun§s par absortiometrie. Les resul tats sent donnE's en mg/m3 de 
chlorcphylle a. 

On a etudie un total de 569 echantillons, dent la valeur moyenne glo
bale de 0.24 mg/m3 met en evidence le caractere oligotrophique de ces eaux. Uni
quement 9 echantillons ont depasse la valeur de 1 mg/m3. Une valeur maximale de 
2. 5 mg/m3 a ete observee a deux occasions en juillet 1976: en surface dans la 
station 6, atteinte par le deversement des eaux n3siduaires de la ville de Pal
ma, et a 80 m. de profondeur a la station 5. 

Les n§sul tats des observations sont rEsumes dans la fig.2, aU sent re
presentees les valeurs moyennes pour toutes les stations de chaque campagne dont 
la profondeur n'est pas inf€rieure 8. 100m. On voit d'une mani~re assez 8vidente 
qu' en hiver le centre de gravite de la distribution verticale des chlorophylles 
est place au-dessus de 50 m., tandis qu' en ete il se trouve aux environs de 70 
ou 80 m. On peut dire que les teneurs en chlorophylle des nappes d'eau de 0 - 50 
m. et 50- 100 m. sent, en chiffres ronds, en rapport 3:1 en hiver, et 1:3 en e
te, corrme le montre le suivant resume des valeurs moyennes de concentration des 
chlorophylles, pour toutes les stations de chaque campagne, ou N est le nombre 
d'echantillons utilises pour l'obtention de chaque valeur: 

Jan. 1976 Mar. 1978 Avr. 1976 Avr. 1975 M.-Jn. 79 
N. mg/m3 N. mg/m3 N. mg/m3 N. mg/m3 N. mg/m3 

0 - 50 m. 56 0:47 33 0:53 53 o:u 32 0.13 35 o:o7 
51 - 100 m. 0.15 9 0.16 11 0.20 4 0.36 19 0.34 

Juin 1978 Jll. 1975 Jll. 1976 Sep. 1978 Nov. 1975 
N. mg/m3 N. mg/m3 N. mg/m3 N. mg/m3 N. mg/m3 

0 - 50 m. 18 0:1:5 45 0.06 81 ().16 28 o:o9 41 o:2J 
51 - 100. m. 8 0.46 10 0.28 46 0.47 16 0.26 0.11 

Evidemment un modiHe de distribution comme cela, doit se rapporter a 
la distribution verticale des facteurs limi tants: lumiere et teneur en nutrients 
min€:raux. En effet, l'homeothermie de la colonne d'eau assure, pendant l'hiver, 
l' apport de nutrients dans la zone euphotique, dont 1' epaisseur peut s' estimer 
entre 50 et 60 m. d' apres la valeur moyenne des observations du dis que de Secchi 
faites en janvier 1976 (16.6 m. ). En ete il y a, certes, une desertification de 

Fig. 1. Situation des 
stations. 

la nappe d' eau placee au-des sus de la thermocline, 
rna is 1' t§paisseur de la zone euphotique s' accroit 
davantage, pouvant s' estimer comme comprise entre 
100 et 120 m. (moyenne du disque de Secchi de 30.5 
m. en juillet 1976, avec un maximum de 37m.). Il y 
a en consequence, une lumi8re suffissante aux pro
fondeurs oh se placent les maximums estivaux de 
chlorophylle et on peut supposer que dans celles-ci 
l' apport de nutrients do it @tre assure soit par re
generation in situ, soi t par quelque sorte de trans
port par turbulence verticale. 

Les donnees publ iees par Marta Estrada ( 1981) 
confirment l 'existence de teneurs de chlorophylle 
relativement hautes a des profondeurs semblables en 
octobre 1976. 

Dans l' attente de donnees plus comprehensives 
on peut avancer 1' hypothese que la teneur en chlo
rophylle de la colonne d • eau se maintient a peu 
pres constante au long de l'annee. r;a voudrait aus
si dire qu 'on ne peut plus parler de desertifica
tion estivale, et qu'il y a toujours de nourriture 
suffisante a la portee des herbivores, dent les mi-
grations verticales journalieres auraient un impor
tant r8le trophique en ete. 

•·• e.2 a.• e.a •·• 

:\ .. .. .. .. 

Fig· 2 · - Distr i~ut~on ve~ticale des chloropylles. Valeurs moyennes par campag
ne, en mg/rn3, (omlSSlon fa1te des stations de mains de 100 m. de profondeur). 
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FREQUENCY DISTRIBUTION PATIERNS OF PHYTOPLANKTON CELL NUMBERS 

L. IGNATIADES and M. KARYDIS" 

Nuclear Research Center "Demokri tos", Aghia Paraskevi, At tiki (Greece) 
0 Hydrobiological Station and Public Aquarium of Rhodes, Rhodes (Greece) 

~ 

This paper will deal with the patterns of frequency distribution 
of total cell numbers from Saronicos Gulf and the coastal waters of 
Rhodos Island. 

Sampling in Saronicos Gulf (9 stations) was performed during the 
period January-December 1980 and in the coastal waters of the Island 
of Rhodos (10 stations) during the period May 1983-April 1984. The 
time difference in sampling periods was not considered as a factor 
influensing greatly the results, since, on the basis of previous ex
periance, these two environments do not have~great annual fluctua
tions. Water samples were collected from surface waters, preserved 
with Lugol solution and counted in an inverted microscope. The fre
quency distribution for abundance of total cell numbers from each 
sampling location was analysed by the truncated log-normal distribu
tion model (Thompson. 1951; Cohen, 1959; Bliss, 1967). This model 
was used in order to condense the data and facilitate the compari
sons (Ignatiades et al., in press). 

Values of the log-normal statistics for each sampling location 
are given in Table 1. 

Table 1. Leg-normal distribution parameters of phytoplankton 
cell concentration. 

Location a N Xo : V(~) V<al i df 

I I 

Saronicos ; :5.04 ! o. 74 l 108 i 114.26 -1.60 0.008 0.0051 12 ! 4. 751 0.95 

Gulf 

i '·., I '·"I"' 
l 

I 14.170 Rhodes 1103.66 -1.9:5 0.001 0.0008 15 0.50 

Island I I 

I I 
l 

~·log mean abundance; a=log standard deviation; N=total number of observed 
frequencies; N•total number of expected frequencies; xo•truncation point 1 
V<~l .. variance of the mean; V(crl"variance of the standard deviation; df=de
grees of freedom; P<x"l•percentage points of the x" distribution. 
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It is seen that in both locations the frequency distribution 
for abundance is truncated: N (total number of observed frequen
cies) was higher than N (total number of expected frequencies) . 
Values of the percentage points of the x2 distribution P(X2

) ran
ged from 0.50 to 0.95 indicating that in both cases the log-normal 
distribution provided a reasonable fit to the data. 

Fig. 1. Frequency distributions of cell abundance at the experimen
tal stations. Dark circles : obsxrved frequencies (N); open 
circles : expected frequencies (N) . 
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A comparison of the two curves may indicate the following: 

1. In Saronicos Gulf, the values of the cell concentrations covered 
higher levels (3.86-6.85 log cells/1) in relation to the coastal 
waters of Rhodos (3.01-5.00 log cells/1) . 

2. The mean value of phytoplankton concentration for Saronicos Gulf 
(~-5.04 log cells/1) was significantly higher (0.05 level of sig
nificance) than the mean (~-3.69 log cells/1) for the Rhodos coa
stal waters. It is obvious that the Saronicos Gulf is richer in 
phytoplankton cell concentrations. 
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RELATIONS BE1WEEN CHLOROPHYLL CELL ABUNDANCE AND BIOVOI...LI'1E 

WRING A WINTER BLOOM IN THE &\y OF Mt\ui.GA (AlBoRAN SEA) 

F. JIMENEZ, J. RODRIGUEZ, B. BAUTISTA and V. RODRIGUEZ 

Departamento de Ecologia, Facultad de Ciencias, Universidad, Malaga (Espana) 

Both experimental and field ecology reveal that changes in chlorophyll 

per unit water volume do not necessarily signify changes in phytoplankton biomass 

This problem should be taken into account in those cases where one might expect 

both ontogenetic and phylogenetic adaptations (Kirk,1983} to occur with changes 

in the physical environment~ In the spatial dimension one example is the subsurface 

chlorophyll maximum.. In the temporal dimension, a similar problem arises when fast 

increases in chlorophyll per unit water volume are assumed to linearly correspond 

to increases of biomass. \1/e have analyzed the relationships between three independent 

descriptors of phytoplankton biomass during the. winter pulse depicted in figure 

1. 

Pigment analyses were carried out spectrophotometrically following re

commendations of SCOR (1980) and equations of Jeffrey & Humphrey (1975). Cells 

counting were carried out on 100 cc sea water following Utermohl technique. To esti

mate biovolume per nni t water volume, all the counted cells were drawn and processed 

on an Image Analyzer System; a distribution of the total number of cells in a log
2 

(equivalent ellipsoidal volume) size scale was obtained. Biovolume was then calcula-
r 

ted as Bv=Tni vi, where ni is the number of counts in size class !_, vi is the nominal 

vol~e of size class !, and !:_ is the number of size class. Figures 2 and 3 show 

the log-linear nature of the relations between the three variables; in both figures 

total number of cells has been divided in two groups, that is, those smaller and 

larger than 4000 pm3 
EEV (equivalent ellipsoidal volume), volume roughly equivalent 

to a cell of 20 pm3 
diameter. Up to 80% (r

2
) chlorophyll variability is explained 

by numerical changes in large cells; covariance analysis shows that lines correspon

ding to both groups of cells are different at p<0.05. Also biovolume variation is 

more dependent on the numerical variations of large cells (r
2
=0.93) than is on small 

cells. The model in figure 2A is equivalent to Chl=aNb; from here we can obtain 

that (Chl/N)=aN(b-l); since b<l, this model states that chlorophyll per cell is a 

decreasing power function of cell abundance. For large cells, (Chl/N ) ~ N - 0 •42 . 

A similar reasoning can be applied to the mnd~l in figure 3A, giving (BvlN )~; - 0 •19 
g g 

This means that average cell volume is a decreasing power function of cell abundance. 

Dividing these two equations we obtain (Chl/Bv)~Ng-0. 23 , indicating that chlorophyll 

per unit cell volume is also a decreasing power function of cell abundance. O.f course, 

a similar line of reasoning could be applied to the smaller cells or to the total 

number of cells. 

These non-linear, allometric relations derive mainly from short but clear 

time-delays between the initiation of the respective exponential growth phases; chlo

rophyll is the first, second is biovolume and finally there is the increase in cell 

abundance. Taxonomical composition du

ring this period suggests that ontogene-

4 
LOG [ rJ.cells. L-if 

tic adaptation may be the most important 

factor in the release of chlorophyll ex

ponential growth. In relation to biovo

lume and cell abundance, changes in com

munity structure obscure any ontogenetic 

component of adaptation. 

Since biovolume, as described 

here, results from both the abundance 

of cells and the size structure of the 

population , it appears as the most 

interesting descriptor of phytoplankton 

biomass. This nondestructive method could 

be combined with a transformation to car-

bon units; thus, the resulting measure

ments of biomass would be more meaningful 

in energetic terms. 
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P-I6 
STRUCTURE DES POPULATIONS PHYTOPLANCTONIQUES EN AffiiATIQUE 

R. LALAMI-TALEB 0
, Y. LALAMI 0 et P.L. GONZALE$ 00 

0 Departement de Pharmacie, INESSM, Alger (Algerie) 
oo u.s.T.L., Montpellier (France) 

La structure des peuptements phytoplancroniques de rAdtiafique au cours de le campagne 
de 5eptembre 1976 8 ete etudi~e en utilisanl plusieurs indices et methodes : 

1 - l 'indice de cf..,.erSit~ spKifique de SHANNON d~riv~ de Ia t~orie de rinformstion. 

2 - l'indice de dbersite :elotive ou t!:quitabilite preconis~ par llOYD et GHE.LARDI (1964) qui permet 
de delimiter plus particuli~:ement le stade 2 d'une succession ecologique lequelle comporle trois stade:s 
principaux dans le cas d"un ecosysteme marin (MARGALEf, 1967). 

3 - la richesse specifique qui correspond au nombre despeces qui compose U'l peuplemenl4 

4 - les mod~les mathematiquEc: de distribution d".abondances de MOTOMURA, PRESTON, MAC ARTHUR 
et MANDELBROT, leur ajustement aux donnees observt!es per Ia visualisation de Ia distance de HELLINGER 
(utilisation de Ia mtHtiode de rAnalyse en Composantes Principales). Cette distance donne une vue 
globale du modele Ae plus performant sans recourir il t'analyse et It l'interpuHation des parametres 
caract~ristiques de ces modbles.. 

5 - les diagrammes de frlquertces dont l'importance et le rllle dans Ia comprehension des phenomenes 
~co!ogiques ont ~te mis en fvidence per les trevaux de FRONTI(R (1976 et 1977)4 Cet auteur s 
utilise Ia reprt!sentation bilogarithmique dE: MANDELBROT pour suivre revolution des peuplernents.. 

l 'allure concave, convexe ou rectiligne de ces diegremmes ainsi que &es -.ariations de 
t'indice- de diversit~ sp~cifique, de 1'6quitabilite et de Ia richesse ap!!cifique ont permis de retrouver 
les trois principsux Jl&de!. dune succession phytoplanctonique. 

Notoru toutefois qu'une distribution rectiligne (caractetisant d'apr~s rRONTIER le stade 
final ou climax de e:etle auccessl'on) peut 4gaJement 1e rencontrer lors du passage du stade 1 au 
•lade 2. Dans co cas, Ia constante de MANO£LBROT est loin de sa valeur optimdle 1 et ettelnt 
meme des valeurs variant de ) A 6. Tout eel& ne tradu1t pas rechec du modl!le ,;,ais pJutOt une 
mauvaise gestion.. tne utltisation ~fectueuse de Ia microfJore aJgale par ~~ niveaux trophiques supe
rieurs en particulier les herbivores.. 

Dans Ia partie occidentale de rAdriatique ae;:ttentrionale (figure) el m!me une partie 
de rAdriatique morenne, les vegt':taux planctoniques subissent dimportants bouleversements qui ont 
pour cons.!!quence le chute brutale de ia diversitl! et de requitabilite, chute due t. Ia predominance 
d~ Gonyaulax pofyedrL C'est ce que nous avons constste dans &es stations 13 et 14, c'est-2-dire 
dans IEs par ages immediats de rembouchure du ....PO.. Cependant, malgre les indices de dilr'ersite et 
les equitabi!ites foibles (pour Ia station 13 : Hs = 1,00 et E = D,20 ; pour Is station 1A : Hs = 0,41 

et [ = 0,08), Is pullutstion de Gonyaulax polyedra ne freine pas &e developpement des autres especes 
phytoplanctoniques cfoU une richesse specifique &!levl!e variant entre )0 et 3-5 (respecti .... ement pour 
les peuplements de Is station 13 et ceux de Ia statjon 14). 

Ce processus particulier caracterise les ecosystemes cfestuaires oU les apports mineraux 
et organiques par Jes eaux de ruissellement entrafnent des proliferations de certaines especes phyto

planctoniques, en general des especes opportunistes. 
les autres stations cOtieres et plus particulierement pour Ia plus septentrionale d'entre 

elles (station 24), Ia diversite sptkifique demeure t!levee malgre repanouissement de Chaetocerm 
affinis qui n•inhibe cependsnt pas 1a multiplication des autres esp~ce:s de Oiatomees et Coccolotho

phorid~s. 

En descendant le long du rivage itatien, ce pullulement monosptkifique si important 
s'amenuise peu h peu pour t:eder Ia place au niveau des stations de I'Adri&tioue moyenne et meridic
note a de5. pe:Jj:He~>e'"l~~ pi..l!O N:s.. Cette maturation progressive et cette bonn£: gesr.tar. du syst€!'ll€ 
ecologique s'observent egalement le 1ong des radiales d'Ouest en Est. 

Si, pres du littoral ita.lien et surtout au niveau de !'embouchure du Pa, )'abondance 
des elements biogenes entratne I.Tie destructuration du systeme, maintenant les peuplements dans un 
~tat juvenile permanent ou du moins trequent, il n'en est pas de m€me dans les eaux du large moins 
dessalees ainsi que dans celles proches de la cOte orientale4 Dans ces dernieres zone5y se ~veloppent 

tie! pe~lements plu!= mJ~ caracterises par U'le diversite specifiq;.te pl:.::s elevee et d:rt~ r!ur. reseo..,J 

trophique complexe. 

De ce q..ti prec~de, on constate que nous pouvons relier te degre d'ajus.tement de chacun 

des mod~les b !'allure des diagrammes de FRONTIER : 
+ ProfU eonvexe a-.ec dominance nette des es.peces de tangs 1 et 2 : ~le de 

MOTOMURA; 
• Profil largement convexe correspondent ll un peuplement bien equilibre : mc::xSeles

de MOTOMURA et de MAC ARTHUR ; 
• .Profil convexe avec cependsnt un Ieger redfessemenl de la branche superieure gauche 

. de Ia courbe : modele de PRESTON ; 
+ Profil concave correspondent ~ un slade de colonisation au slade juvenile : BUC1Z1 

rnocible ne s'ajuste ctg)£ mani~re convenable ; 

+ Profil frenchement rectiligne : ~le MAJ.I)(LBROT. Deux cas peuvent 1e presenter: 

1er eas : si Ia ric-hesse specifique est faible et la constance loin de sa valeur optimale, nous evans 

~1. 
. 2e cas : ai Ia richesse specifique est iJevee et •aa constance proche de 1, nous avons Wt slade ). 

Quelles remarques pouvons-nous tirer de toutes ces observations ? 
Tout d'abrud, nous remerquons que le processus de Jtructuretion des peuplements d'une 

succession ne ae fait pas au hasard mais se ~roule ju:squ'& sa phase lerminele par tne se!rie d'tHepes 
d'une tres grande regularit~. Du slade pionnier au stade climax, le d~veloppement de Ia vegetation 
lllgale se caracterise par Ll'le augmentation de Ia diversite et de requitabilite et par U'le complication 
progressive du niveilu d"organisation des peuplements. Aussi, les peupiements juv~niles ne sont-Hs que 
les premieres itapes d'un enchatnement de processus qui aboutissent h des structures tres hit~rarchis6es 

el • un etat de q4asi-~quiUbre. 
£n risum~, on peut affirmer que le ck!.veloppement successionne1 se caractl!rise par 

1e remptacement dune population immature It croissance potentielle importante qui necessite une 
grande depense crenergie par un systeme organis~ et diversiflt1 qui tend ll reduire Ses chocs., k contrO

Ier et preserver le peuplement de toute egression. 
De teltes performances ne peuvent se concretiser dans ies derniers stades que par 

l'acquisition de mecanismes hom~ostatiques qui metlent h l'abri de toute ~gression une communaute 

hautement hit!rarchisee. 
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Utilisation des diagrammes rang/frequence dans l'analyse 
des ecosystEmes.Bull. A~i~ •• vcta.n 1 l3} 35-4! 
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A table for calculating the •eqcitability• component of 
species diversity.J.An..i.ma.l Ecol •. H, tJ7-22S. 
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Ritlf!os,fluctuaciones y sucesion~ln CASTELLVI J. et al. 
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P-17 
OCCURENCE OF PROROCENTRLM MINIMUM IN THE ADRIATIC SEA 

Ivana !'lARASOVIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

An organism never before recorded from the eastern Adriatic 
participated in the ordinary summer phytoplankton blooms in the Sibenik Bay 
in 1983,1384,1985. It was established to be a very interesting dinoflagellate 
species Prorocentrum minirrrwn. Single occurrences of this species were also 
recorded from some other localities of the eastern Adriatic coastal area. 
The same species was also identified from the material collected from the 
I tal ian Adriatic coast (Po River estuary) in July 198!1. However, this species 
showed some morphological differences in relation to the one recorded from 
the Sibenik Bay so that it was concluded to be a variety of P.rrrinirrrwn called 
P. minirrrwn var. tria:ngulatwn. The taxonomy of this species is somewhat 
confused since some authors reported as different species the some individuals 
which had some variations in cell shape (PAVILLARD, 1916; LEBOUR, 1925; MARTIN, 
1929; PARKE and BALLANTINE, 1957; BURSA, 1959) . HULBURT ( 1965) proposed that 
they should all be merged into the prior species P. minirrrwn(PAVlLLARD) SCHILlER, 
but he suggested the retention of varietal status for the three species: P. 
minimum var. minimum, P.rrrinirrrwn var. triangulatum, P.minirrrUlll var.mariae
lebouriae. 

This species has been given recently particular attention since its 
bloom was on several occasions associated with shellfish poisoning (NAKAZIMA, 
1968; KAT, 1979; TANGEN, 1983). 

The area of sibenik Bay is under the combined influence of river and 
man-made eutrophication. Already high natural productivity of the basin has 
considerably increased for the last two decades owing to the development of 
the town and industry. Not more than ten years ago intensive diatom b 1 ooms 
of the so called "Opportunistic" species (Skeletonema costatum, Leptocylind:rus 
dcm.icus, L. adr-iaticus, Eucampia cornuta, Nitzschia seriata, N. delicatissima, 
Thalassionema nitzschioides andCerataulina bergoni) were recorded. D i nof 1 age 11 ate 
species, particularly P. minirrrwn andScrippsielZa trochoidea have recently 
been recorded to make up a growing proportion of summer blooms. 

Table 1. Proportion of P. minimum in the summer b 1oom in the 5 i ben i k Bay 

Year Phy top 1 an k ton P .minimum P .mini mum 
n ce 11 s 1 -1 n cells 1-1 % 

1983 (August) 1 ,6 X 106 2,5 X 1 aS 15,4 
1984 (July) 1,6 X 1 o7 3,3 X 1 o6 20,2 
1985 (July) 3,8 X 1 a6 1,1 X 1 o6 28,5 

The analysis of phys i ca 1 and chemica 1 conditions under which P.minimum 
occurs in larger quantities showed a connexion with the temperature-salinity 
relationship. P. rrrinimum bloom takes place exclusively in the surface layer, 
salinity and temperature of which are significantly different from those in 
other layers. 
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Fig. 1. Salinity and temperature 
values at which P.minimum 
bloom occurs 

As known from the experimental data (IWASAKI, 1979) P.minirrrwn bloom 
may be stimulated by S,costatum bloom. In our case we proposed that P. 

r•c 

minimum bloom was probably stimulated by the bloom of the different diatom 
species, not only S.costatum. It should be pointed out that possible influence 
of individual "trace metals" was not studied since it is known that they may 
significantly affect blooms of a large number of organisms. Since the 
industry of light metals and ferroalloys is particularly developed in 
this area they may have qreat significance. 

Fig. 2. P. minirrrwn va r,'11inimum Fig. 3. P. minimum var. 
triangulatum (Po River 

estuary) 

P-Is 
THE PHYTOPLANKTON DIVERSITY AND EVENNESS INDICES IN AN EUTROPHICATED SEA AREA 

Pia Elena MIHNEA 

Romanian Marine Research Institute, Constantza (Romania) 

ABSTRACT: Phytoplankton community diversity and evenness indices as well as the 
phytoplanktonic densities are used to characterize the effects of eutrophication in the 

romanian Black Sea area. 
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The romanian marine waters are influenced by the outfalls as well as by the 

Danube River. Chemical and biological modifications were described (MIHNEA, 1978 a, b; 

1980; MIHNEA & cowork., 1980). During 1979-1983 and 1985, from February to October 

1 , 366 samples, covering all the southern part of the romanian sea waters, standard depth, 

up to 30 Nm off coast, were analysed. 

The microplankton as well as the nanoplankton were considered. Table 1 presents 

the index of diversity (Shannon-Wiener eq.), evenness degree (Pielou .e,q.), species num

ber and phytoplankton dens.i.ty. 

Table 1 - Some aspects of the phytoplanktonic community 

================================================================================ 
Degree Index of Evenness 

Species number Phytoplanktonic density 
cell.l-1 

The of 
freedom 

diversity degree The range of Monthly average 
year X 

Xjyear 
X 

(n-1) X/ year Xfyearx variationsxx X/yearx range 

1979 140 1. 77 0.42 21 4-37 ~:~!:;~~ o. 54 -20.0x106 

1980 1 39 1.66 0.38 20 7-37 0.89 -19.6x106 

1981 126 1.18 o. 38 11 3-31 9.57x106 0.18 -54.0x1 o6 

1982 335 1.49 0.40 16 2-31 6:~~~;g~ o.059-17.2x1o6 

1983 406 2.48 o. 55 25 6-53 0.069- 2.5x106 

1985 214 2. 33 0.56 20 4-46 1.44x106 0.30 - 5.9x106 

=================:::======:;:::;:;;:;;:;;:;::::::;;:::::;================:;::;;=====:;;=====================::;===== 
The diversity frequency spectra are scaled in H• units of 1 .0 and time intervals 

of a month. The index of diversity as bits cell-
1 

has a mean value of 1 • 18-2.48. The 

crude data range between 0.028 and 4,24 but values under 3 have frequency of approxi

mately 80%. 

The small values of diversity index were accompanied by reduced ones for the 

evenness degree: 0. 38-0.56 (annual average). Concerning the evenness degree, crude 

data range from 0.004 to 0.85. The extreme crude values of the two indices coresponded 

to: (1) blooms when the dominant element represented up to 90% of the community; (2) a 

moment when an important percentage of the phytoplanktonic species are represented in 

a rather equal number of individuals. 

A mean of 11 to 25 species develop throughout the year; variations of crude data 

(2-53) were observed as a consequence of natural succesion, physical factors, and sam

pling distance or depth. 

Phytoplanktonic density maintains a high level (X=O. 64-9. 75x1 0
6 
cell 1-

1 
annual 

average, or 0.069-54x106 monthly average) and presents either a rather uniform disper

sion (1979-1981 ), or the tendency to patch (1982-1985). 

When plant nutrients associated with river and outfalls discharge create bloom 

conditions, phytoplankton communities with high biomass, low species diversity and very 

low degree of evenness develop. 

In the eutrophicated Gulf of California GILMARTIN & REVELANTE (1978) found 

phytoplanktonic densities up to 14x1 o 3 cell 1-l and an index of diversity varied from 

0.42 to 4.24. 

One can conclude that the romanian sea area has a high degree of eutrophication 

and are characterized by "a biological noise" in phytoplankton system. 
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DYNJIMIQUE DU PHYTOPLANCTON DU LITTORAL BULGARE DE LA r~ER NOIRE 

EN CONDITIONS D
1
EUTROPHISATION 

V .J. PETROVA-KARADJOVA 

Institut Scientifique des P€:ches, 
4 boulevard Chervenoarmeisky, Varna {Bulgarie) 

ABSTRACT,Biological monitoring of the seasonal dynalllics of the Black Sea 
phytoplBnkton showed, for the period under study (I954-I970) an intense 
development o:f the Bacillariophyta whereas fox the I97I-I98D is typical 
the blo.om of Dinophyta which, except fo:r the normal photosynthesis,e.ffec
-tuate also an oJddaUve assi.mi.laUon of the organic matter dissolved in 
the sea wa~ and are indicator of the au.i:rophication a£ the Black Sea too. 

ZUSAJ!!lllENFASSUN.G,Der b.i.ologi.sche Moni-to:ting u.ber die Sai.son-Dynam.ik des 
~~im Ml)e:r zeigt., das fur die Pe:tioda 1954-1970 eine. stu.rm.i
sche E:m:twicklung der Baci.llarlocphyi;a typisch ist. Genau. di.e salha Ent
wi.cklung haben die DiDDphyi;a, jed<lch in der Peri.ode I97I-I9SO, Di.e.se Al
gan komum au.se:r Eho:tosyntesi.s au.ch eine. Oc~dierende Ass.imila-tion der im 
Meereawa sser losli.chen o.rganischen Sto.ffa vallbr.ingen; sia aind Indi.ca
to:ren :ru:.: die Eu.trophic.ation daa Schwa.rz.en Meares. in di.eser Zeit. 

L.a monitoring" b.i.ologi.qu.e de la dynami.qp.a sai.sol'lni~:re de la composi
tion q:uali tat.i.ve • du. no~ des cellu.les par m~t:re <rube ai.nsi. que de~ la 
bi.omasse en mili.g~/m du. phytopla.ncton que l'o.n mlme G:ha~u.a a.nnea 
dapu.is 1954 sui:vant. u.n schllma expedi tiomnel de p;ra:fi~a .et. de ~t.ati.ons 
jus<J.!L'a 30 k 40 ~lea nau.ti.q_u.e.r;_ de. la ~;t.eJ~~la les J;<idlaa~r;i:~~s ssi
sonni~ et. las regles dans l•e.tat. dea, phyi;ocenDsaa.c pla.netonJ.qu.es. 

La sp.!c:i.fici~ J::<fgi.o.o.ale du. phyi;oplan.cton devant la li.tt.oral bu.lga:re 
de. lac Mar Noire fenda.l:l.t la penade I954-I970 aat ,ctete:mi.nlfa pa~ La eom.
po.a.i.uan par asl2acas et. par la ~oad.hanca: ~iq_ua at. pond€rale dea 
Bacillal!i.ophyt.a avec une hau:te bi.om.assa (gr/m. ) at dss ,blooms :t:ort.ei!IWlt 
<;nqn:.im~s par des maximulns pri.nta.Jm.iers et auiromna~ de~t a son 
~ la IDJa;.<"imutn de la hi.oaasse a.lllllrlU8l~e du. phyto:pla.ncital!r • La rappa:rl 
enitte, la moyenm.a,b~m.a sse prln.~:ra entre }~ Eacilla.:riQphyta at les 
Di:Jila,llhyt.a pour :Qe:!:.l.o.de. consideJtea est de IO:I ·• , 

L r eud:xoph:i$atil.on de la Me.r Noli:re eat. un processus c:ont.inu =racioetise 
par des ~tapes de ~daid.on sow; l'illqlac:t de fact.aurs natu:rels e:~ an-t!uo
po.gen.iqu.es. Sa partie nord-quest est; u.ne. immense, e.xt.ansi.on d.u plateau 
c.oniti.nsnt.al qui re90i.t de~tiars de l'ap.:porl d'eau :!tlu.viala at aU. lL'i.m.
pact an:llhropog},ne vien:ft a e.~ ctete:.:m:i.m£ par la pollu.uon mi.ruh-a.le at/ma. 
organique. par las eau.x. du. DBIDlhe.,. du. Dniesta:r, du lliliieper at du liman du 
Dni.e.sioar, ca ~u.e chamga. :trodi.ea.lement. l.as p:roceasus b.io:log;iq_ues at chimi.
qu.es dans ca sectaur de. la mer. Depuis le I97} an y no:t.a des blooms in
iumses dn. phyiropla.nciron marin ace:ompa.g:ne:s d. Jey:p.o:ric • de de pres sian e'l; de 
Ia<li!rl:ali:te massi:v:a des b.i.o.c~aes benth;iq_u.es • 

Parla.Irt de la :region DD!N-occ..ide:c,tale act. sous 1 1 im}.1ac.t des co:u.-
r=t.a en direction mbcidianala,. l'eu:trGphUati.on s•ast a:tandu.e sur 1a;. zo
ne: li:t~. d.a la·. part.ie.occi.ril.eni>ala. de 1a mer. ren:f=le, p~ la da'WrS
Jlt8llrl:, a.n.t.hrapo~~ con1;inental. Ainsi., la p~riode. I97I-I900 pourrai.t hi.en 
~itlre. consMeree comma et.ape d 1'eu:hroph.igat.i.on p:ro~ssi1m a :iun.i:enses pro ... 

cassus reducti£s et au.gmsnt.ation dUo con:tenu a:n nU:.tri:t:i.fs at. en m.atie:re, 
organique. an: solu:tion- base pau.r des blo.oma pe:cnanent.s lo.ca1a:. at .t'~u.
ent.s JgiOltla.llX du phyto,planct.o~ ~ haut pa:tential t=phiq_u.e dans l.a.. ~ 
aq_u.a~ue at .fr.{qu.ent.as hypoild.as pa:rmi. lea llO<l<l~s<aa benthiq_us,s/li,,3.,.u. 

Au point de vue. plu.:ci.a.ml.ulal• lac dynamiqua de la. p.o>pula.<ti.on d'al.guas 
plaJrueto:t:\\iqu.es pendant.. l'tta;pe I97I-I980 est.. cara.cteri~ par des chal'>f.'€rntrfts 
glO;bal.!il dans la. .floxe. p1:1notanique - b.J::Uf5J.Ufl. reduction des :$a.cillariQ]!h:y1;a 
et, p~e a.mmalle <las. JliDD.;phy-ca/lt/ • .LaMa .l)~a !Ia clia~ 
allruti paa!' d&a halll'l;s ~cas. d.a la. ~- IDQyemul. :: h.i.wr - I.8 g'JI:/a • 
p:d.n:cmaps. - 3.4 e;r/a • ate - 2..9 e;r/• • an:ka.ume - 2.5 gr/nJ>. 

Pendal:l.i: les hi.vers; de·. ;I:97I.-1980' la t~a:I;Qr& lillly'lmlle. da au:r£aea 
ole l'e.an Jaari.De. aai;, VOJ.isine. del& plnri-m>ella .. ma;is penda.n:li las am>le.s; 
d'h.iw.:rsJf:!'id_j( I972 e:t I976) ant d.OJD:il:u{ lea pa.~ das.llia:ttomeas 
cr;yoph:U..iis: ·: Scflle.tonema.. cos~ Ni.t.ss.olllat serlat.a ato.. avec des asp\.
caa par:ti.stan:ta.s ~te. l' ~ at ayan.t 1mB""~ glcllaJ.a de l'o.:rdre 
de :r.a at 3.I g;t/• res;paQt.i.-n-t. L•hi:ver chaDJ.d de 1.980 e;aawe'ra, df{C8iJICl1-
rabla pa,ur la d&Wlo-Mwaant dr.e.s ~as. (~ O.I gr/za?) .La .Mmmassa 
daa EaclllalriOJ:plcy1;a aa,ii oia 1.7 J I :par ra;ppor1o da calla d.&$~~ 

Pendant las. prizr:temps de la ~ p~ la. i;eJDP.~ de l 1 aau de 
mar est, egala a la.. pl~le. On a ~ ocmau'bt tme. redncoi;;i.on ~;toe{... 
~ de la. ~- des :Ba;clll~~ un d~Qp.paaeni; ammel seul-nt 
et ~ de. ~a printamd~a at ~'tolmaU.eS. e.t la.ur blQQJIIS. prln..._ 
Dll.iftrs; (0.5 gr./• s€lt1J.ament.) • P~t.. las.. anne'<. a a .Prin'tem.pa ~s cha.ud 
(I975 at. I979) l&.Spo.pula:tians da la. I>J.na~ na:nno,planc:ton:Lctuee ~lac 
oQrdat.a ont attaint de.a oonnentra..UOil:lS: de bloom. (7..8 at 15.4 gr/lirfi&..O 
li'W.ment.). La blooa. 4<maJ. de cet.t..e esp~e an mad. I919 s'~tandai.t. aur 
dOiiS ~ eapOiOeii de la.. ma.i:ti.; acci.deni>ale de la mer at ~-ta:it date~ 
p.a.r des3acndillana chim:iquas. at ~te.oo:ologiques. ~t .t'a:vo.ra.
hle.s! .l• •U., La ~pert an:tre lm bi.C~~~aS.Se des Bacllla.ri.a:phyta;. at des ll;l
l!lO~ ad de I : 3~ • 

Le ~ aativalas sa oo.r.mot~t ~ar d&s ta.ap~s de L•eau 
un peo; au]).S!rJ.Oc:res. AW' n=Laa0 ce qut,en pJ:es.enoe des quanU~s: llmi.tan
t.e~ d.ete:x:mine l!liZl.. d~'Val.op:Qament. intense des ~eJ:ent..s Dinophytac a.vac 
~ d!~ cordata en I'.174 (4.9 gr/m ) et.. de pJiU'!aa.llent.s :Bac.Ula.
:riOlllhY.t.a - derataliiiln:i ba1.jon.u et IlhaaaaleniA c~. qui., .;pEr!ldant 
las pt{o.odaa lea. plus challldea ~ P-ni\~&rl~ &:mi.be lmf1 bi.o
ma.~ ,III3JI:i.laaJLe (4.6 et 6.6 e;r/m: re.specti:vement)~ Gett..e hante b.ia.ma.aae a 
~ le ~pa..rt entre la. bi.olllaiSSil .110;yelmil des :Baoillari.o,phyt..a.. et des 
llino,plcyta·. qui. esii de I : 2 seulement• 

Lea; t.~rres: lliOyann&a automr.ales ~taient de mema plus. cle,veea 
q.11e cellaa pluri.aJmuellesJca que date:rmina. le devalo.ppement int.eru:.i..f des 
plus. g:t!a.J!l.des: dinophyi;e.s : Ge:rat.inm. ~!cs, Cera.Uum. !usus., Pro:rooentrum. 
mi.ca.ns., Per:i..dini.um. erassi.pas. etc. doo.t a bi.'OiiiS.Sa ~tide de 2•5 .f<US 
cane-de·s. Ba.cllla.=aphi£i;. 

La haute b.:iamaJ!se du phyi;a.·plancton d.al:la l&s condi:t:lona d • autrophi~a.
t.ion est ccmd.i.llon.niie [Bi:kde:vela.ppement inten.ae des: D;ino,phyt.a qu.i 0 out.rs 
la. phot.os:yn:thesec. af:fectuent Ullll. a.ssimi.lat.i.<m o:x;ydat.ive de la mati.are or
ganique di.ssoute dans ~•eau. de mar. Cea organi.smes aont done i.ndioa.teurs 
de la. pollution et de l 1 eu.trophisa.t.ion de la Me:r Noire. 
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nomena.n in the :north-weate= part o:f the Black Se.a/ ~ Ilio.lc.gia morja.0 5 0 pp. 
24-29 0 Vladivostok. - (2) Pet.rova-KB.radja.va(V.J.) - Dynam;ics of the bi.o
ma.as of the Phyi;opla:nkton i.n the Black Se·a o.f:f the Bulgarian Coast. during 
the Period o.f I964-I970• Proc.Inst..ocean.and fisch~,vol.I2;Va.rna...I973, 
PP•4I-66. - (3) l?et:rova-Kaxadjova(Y.J.),I979- Za:f't..eji na .fi.topl=kt.ona. v 
Ce=ogo IIIDrja,. ::>bo=.ik dckladi.,vol.II de I'UTSB0 Var.na.a - (4) Perto'V'a-Ka
radjova(V .J.) ,1984 - Chnge o:f plankton flo.ra o:f bu.lgarian Black Sea coast 
under infl:uence of eutrophication. Proc. of the Inat.o£ .fi.ah.,Varna,vol.. 
XXI,I05--II2.. - Petro.va-K~jova.(V ~J .) .1985, - A "Red Tide" of Prorocentrwn 
micans Ellr. and Exu.viaella cordata Os.i;. in the Bay of Varna in November 
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SUR UNE POUSSEE ExTRAORDINAIRE D'ALGUES UNICELLULAIRES 

DANS L' ADRIATIQUE SEPTENTRIONALE 

Tereza PUCHER-PETKOVIC et Ivona MARASOVIC 

Insti tut d 'Oceanographie et de Peche, Split (Yougoslavie) 

Dans toute Ia baie de Kvarner (Adriatique du Nord) on a pu observer, 

au cours de 1 ·~t~ 1983 (jui llet-ao'Gt), une pouss~e extraordinai rement 

intense de Ia microflore marine, connue sous le nom de "floraison de Ia 

mer"("mare sporco"). Ce ph~nomene s'est manifest~ par d'amples masses 

muci lagineuses, flottant a Ia surface de Ia mer, et englobant une grande 

quantit~ d'algues unicellulaires. Bien qu'il ne soit pas fr~quent, ce 

ph~nomene a ~t~ not~ plusieurs fois, toujours au cours de Ia p~riode 

estivale, dans 1 'Adriatique septentrionale, peu profonde. 

On a efFectu~ 1 'analyse microscopique de deux ~chantillons tr~s 

abondants en mucus,recuei II is dans les eaux cSti~res de I 'Adriatique du 

Nord, 1 'un pres de Crikvenica en jui I let, et I 'autre pres de I '1'le de 

Rab (Lopar) au de'but d'aoGt. 

Le mucus comprenait 58 especes de Diatom~es, parmi lesquelles 32 

formes benthiques, 24 repr~sentants de Dinoflagell~s et 10 repr~sentants 

des Coccolithophorides. A part ces groupes d'algues unicellulaires on a 

observ~ beau coup de Cyanophyc~es, apport~es du fond et, en plus, des 

champignons, des stades de r~sistance phytoplanctoniques, des fragments 

d'algues benthiques et de Phan~rogames, des Cop~podes et leur fragments, 

du pollen de pins, des ~corces ~pidermiques de pi antes terrestres et des 

quantit~s consid~rables de d~tritus, d'origine organique et inorganique. 

Le nombre et Ia densit~ des especes benthiques d~pendent en premier lieu 

du volume et de Ia densit~ du mucilage ~chantillonn~, tandis que le nombre 

et Ia densit~ des populations planctoniques sont dus a Ia profondeur dont 

Ia masse mucilagineuse a tire son origine ainsi qu'au temps qu'elle a 

pass~ en flottant sur Ia mer et en fi ltrant des organismes planctoniques. 

Les amas muqueux montraient une luminescence intense. Hormis les photobacte'

ries, agents principaux de Ia bioluminescence en mer, on a pu constater 

aussi Ia pr~sence de Dinoflagellt'!s, qui eux aussi possedent ce caractere. 

Les amas muci lagineux, flottant sur Ia surface de Ia mer, sont des 

produits d'excr~tion des Diatom~es. Le lieu d'origine de Ia formation du 

mucus est le fond de Ia mer et les Diatom~es qui le produisent sont des 

formes benthiques. Etant donn~ qu'elles sont autotrophes, i 1 est facile de 

comprendre pourquoi ce ph~nom~ne se manifeste sulement dans Ia partie 

septentrionale peu profonde de l 'Adriatique. 

Sous le nom de "floraison de Ia mer" ("mare sporco"), on comprend Ia 

phase visible a Ia surface de Ia mer qui, en vt'!ritt'!, reprt'!sente&ja Ia fin de 

Ia pouss~e diatomique. Vu le cycle saisonnier des Diatomees, on peut conclure 

que Ia poussee intense a eu I ieu I 1l 2 mois auparavant. La mantee du 

mucilage du fond qu'on a pu observer en juillet et en aoGt a l'oeil nu, 

signifie que les conditions optimales du developpement des Diatomees 

benthiquesont deja t'!te remplies.Le mucus a commenc~ a ~tre d~compos~ par 

!'activit~ bact~rienne et, rempli de gaz et des Diatomees enveloppees, il a 

commence a s'elever vers Ia surface. Sur sa route le muci I age a incorpore 

les organismes planctoniques et les diverses particules organiques et 

inorganiques. Le processus de dt'!gagement graduel de la masse muqueuse du 

fond par Ia force ascensionnelle et son flottement a la surface sont lies 

a 1 '<'!tat calme de Ia mer, tandis que Ia dt'!sintegration et la descente du 

mucilage vers le fond sont plus rap ides en prt'!sence du vent et des vagues. 

Le processus peut ~tre reprt'!sente par le schema suivant: 

Reproduction vt'!gt'!tative intens] 
des Diatomees benthiques ~ 

+ . 
Auxosporu l at 1 on 

Stades de resistance 

Decomposition bacterienne ~ 
des enve I oppes muqueuses 

Formation du mucilage 

+ 
Soulevement du mucus englobant 
les Diatomees benthiques 

Flottement ~u mucus et 
filtration du plancton 
("floraison de Ia mer") 

~ 
Descen te des fragments 
muc i lag i neux au fond 

Nous considerons que dans les conditions de 1 'eutrophisation 

excessive, notee dans plusieurs rt'!gions de Ia cSte orientale de I 'Adriatique, 

des floraisons extraordinaires des algues unicellulaires, pareilles a 
celle dt'!crite ci-dessus, pourraient se manifester, dans l'avenir, plus 

souvent que jusqu· a pr~sent. 

I 
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DIATOMEES DU PlANCTON SUPERFICIEL DE lA BAlE DE (ULLERA (EsPAGNE) 

JANVIER-Ml\RS 1~ 

Julio G. DEL RI0°, E. SOLER 0
, C. BLANC0° 0 et M.A. RADUAN° 0 

0 Laboratorio de Puertos, ETSICC y P., Universitad Politecnica de 
Valencia, Valencia (Espana) 
Departamento de Zoologia, Facultad de Ciencias Biologicas, Valencia 
(Espana) 

Nous avons realise quatre echantillonnages pendant le 
premier trimestre de 1 1 annee 1984, mais dans l 1 un d 1 eux.(31 de jan
vier 1984) nous n 1 avons preleve les echantillons que .$.UT ; cs pla-

ges. 
6 

17-1-84.Le nombre d 1 individus/litre varie entre 7.10 5 

et 5. 10 . Les plus grandes densites ont ete enregistrees dans la 
zone nord de la bale et dans les points qui se trouvent sous l'in
fluence du fleuve Jucar. On peut differencier deux zones par la 
composition de sa populat.ion. Une plus reduite,dans la zone d' in
fluence du fleuve, ou 1 1 espece dominante est Thalassiosira sp. 1, 
accompagnee par Chaetoceros socialis et Thalass] osira sp. 2. Une 
autre qui comprend les points restants, ou domine Ch. social] s. 
Celle-ci peut etre divisee, en fonction de la variationdcs princi
pales especes secondaires qui sont avec Ch. socialis dunt< :to~s-- ·res 
points (~. decipiens, ~- pseudocurvisetus etr:eptOcylindrus dail".
cus). 

6 31-l-84.Le nomhre d 1 individus/lit.re varie entre 1,9.106 

et 7,2.10 . Les plus grandes densites ont ete enregistrees sur les 
plages de la zone centrale. La population esto totalement dominee 
par le Chaetoceros socialis, puisque dans toutes les points il re
presente plus de 70% du total. Cet echantillonnage donne 1' impres
sion de coincider avec le maximum de la floration de cette espece 
a cette epoque. 

6 21-2-84. Le nombre d 1 individus/litrevarie entre 3,2.10 5 

et. 2. 0. 10 . Les plus gran des densites ont ete enrigistrees dans 
la zone d' influence du t leuve JucaP, et. les p.tus petites dans la 
zone nord. Il y a de plus grandes differences qualit.atives entre 
les populations de differents points, que dans les autres echanti
llonnages. La plus grande extension est dominee par Thalassiosira 
sp.1. Cette zone peut etre divisee en fonction de la variation des 
principales especes qui accompagnent l 1 espece dominante. Celles
ci son_t Chaeto~eros compressus, Ch. gracilis,~. socialis, Lauderia 
borealJ.s et Rh1zosolenia delicatula. Il y a aussi des zones plus 
r€duites ou les especes dominantes sont Chaetoceros socialis (deus 
points), Ch. gracilis accompagnee par Lauderia borealis et Coscino
sira mediterranea; ~· compressus accompagne~hala~a 
sp.1; et Nitzschia sp.l accompagnee par Rhizosolenia delicatula 
et Thalassiosira sp.1. 

6 
28-3-84. Le nombre d 1 indivldus/lltre varie entre 4,5.105 

et 3,1.10 .Il y a une zone de grandes densites sur les plages du 
centre de la baie et une aut.re zone de valeur·s reduit.es ;,u nord. 
La population est dominee par Chaetoceros socialis dans tous les 
points, sauf dans 1 1 un d 1 eux (situe au nord~aie) ou clomine 
Thalassiosira sp. 1, accompagnee par Chaetoceros pseudocurvisetus, 
~- socialis et Lauderia borealis. Dans la zone dominee par Chaeto
ceros socialis on peut etablir une subzonatJ.On en fonction~a 
variation des principales especes secondaires, qui sont Chaetoceros 
pseudocurvisetus,Lauderia borealis et Leptocylindrus danicus. 

On peut rem~rquer· les hautes densites de la population 
de diatomees enrce;i strees dan~ cesechantillonnages realises pendant 
la saison hiverna.lt: specia.J,nent dans celui du 31 janvier. Ceci sem
ble demontrer que, en outre d 1 etre un ecosysteme tres eutrophique, 
~a lumiere n 1 est pas un fac~eu~ limitant ~ans cette saison. Auss~ 
1l faut noter les grandes d1fferences qu'1l y a entre les popula
tions de points qui sont tres proches, specialment au nord de la 
hrd e et dans .1' C(;h.::ntillonnage du 21 fevrier-; pi'euve des grandes 
differences environmentales, dont le fleuve n 1 est pas la seule cau-
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RECHERCHES ECOL03IQJES ET BIOL03IQJES (PHYTOPLANCTON) 

DANS LE LAC DE VAAAt:¥J (MER ADRIATIQUE), OONNEES PRELIMII'VIIRES
0 

C. TOLOMIO et C. ANDREOLI 

Dipartimento di Biologia, UniversidB. di Padova, Padova {Italia) 

ABSTRACT - In this paper preliminary results (May-October 1985) of an environmental 

and phytoplanktonic research on the coastal Varano lake (Adriatic Sea) are presented. 

A la suite d 'une premiere etude effectuee au cours de 1 1 ete 1983 (TOLOMIO, 

1986), en 1985 on a commence des recherches sur les facteurs du milieu ambiant et 

sur le phytoplancton dans les eaux du lac cotier de Varano, 'par rapport aux 

possibilites d' elevage de Penaeus japonicus Bate (crevette imp€:riale) ~ L' hydrologie 

et la forme du bassin, d 1 une superficie d' environ 6500 ha, semblent aptes a la 

realisation des proj ets d t aquiculture, meme d f aut res esp€ces d' interet economique 

comme Tapes semidecussatus Reeve (clovisse). 
On a fixe six stations de prelevements : deux (FC et FV) dans les canaux de 

communication avec la mer, trois (2, 3, et 4) le long du bord septentrional du 
bassin et une (1) dans la zone centrale, la plus profonde (-4 m). Les 

pr€1€.vements, en surface et pres du fond, ont €:t€: effectu€:s mensuellement, de Mai a 
Octobre : pendant cette periode se deroule la croissance de Penaeus japonicus, de 

la phase post-larvaire au stade adulte (LUMARE ~g., 1985). On a etudie : 

transparence, temperature, salinite, oxygene dissous, alcalinit€, sels nutritifs ; 

la d€termination qualitative et la numeration des organisrnes phytoplanctoniques ont 
ete completees par le dosage de la chlorophylle a ' le calcul de la biomasse 

autotrophe et 1 'evaluation du contenu en carbone. Pour les analyses on a utilise 
le meme mat€.riel et les memes methodes eprouv€.es pr€.c€demment en milieux semblables 

(ANDREOLI et TOLOMIO, 1985). 

Dans chaque s€rie de pr€.levements la transparence (qui varie entre 0,5 et 3,5 
rn), la temperature (comprise entre 15,7 et 29,4 °C) et le pH ( 8,16 - 8,64 ) ont 
rev€.1€ des valeurs asseZ similaires ; on a remarqu€: quelques anomalies le long des 
canaux de communication avec la mer a cause du jeu des courants de mar€.e. On peut 
dire la meme chose pour ce qui concerne la salinit€:, en moyenne comprise entre 21 
et 25 %. • Au contraire l' oxygenation, fondamentalement plus haute dans les eaux de 

surface, avec des pourcentages de saturation qui depassent quelquefois 200 % , 
presente de consid€.rables variations d 1 une station 8. l'autre. Les sels nutritifs 
sent relativement abondants, meme dans les eaux pres des embouchures, avec les 

valeurs minimales qui ne sent pas inf€.rieures a 0,8 J.Jg ·1- 1 pour ce qui concerne 
N-N0 2 , a 4,9 iJg·l- 1 pour N-N03, a 1,2 iJg·l- 1 pour N-NH4, a 1,6 J.lg·l- 1 pour P-P04,a 

11' 7 iJg ·1- 1 pour p tot. ; les valeurs maximales se sont revelees quelquefois 

sup€:rieures a celles qu • on peut enregistrer dans des milieux semblables. 
L' etude du phytoplancton a mis en evidence des differences substantielles, so it 

qualitatives soit quantitatives, entre les r€.sultats obtenus au printemps avanc€: et 
en ete; il y a aussi une distribution -peu homog€:ne dans les stations examin€:es. Il 
faut rappeler qu' un rOle important dans la structure des communaut€s 
phytoplanctoniques est joue par les organismes vegetaux les plus petits 
(picoplancton) et par les microflagelles. Ces groupes systematiques, actuellement 

peu connus, ont beaucoup d' influence sur la concentration des cellules par litre 
tandis que leur influence sur la biomasse est negligeable. 

Au mois de Mai, au point de vue biologique, dans le bassin il est possible de 

distinguer deux secteurs : l'un, qui correspond aux stations 1, 4 et FV et oU domine 
le picoplancton (80-90 %) , l'autre (stations 2, 3 et FC), oil sont bien representees 

les Bacillariophycees. 
En Juin, exception faite pour les eaux de surface de la station 1 ell Prorocentrum 

minimum (Pav.) Sch. depasse 3 ·105cell.l- 1, les populations phytoplanctoniques sont 

dominees par les Bacillariophyc€:es, en surface et pres du fond; partout en €:vidence 
Chaetoceros sp. et, seulement dans la station 4 au fond, Licrnophora flabellata 

(Carm.)Ag. (1,7·105 cell.l- 1). 

La situation est plus complexe au rnois de Juillet: il y a des differences 

remarquables non seulement entre les stations mais aussi entre les niveaux 
examin€:s. L' esp€ce la plus frequente est Thalassionema nitzschioides Grun .. , qui, au 
centre du lac et dans la station 2, pr€:sente des concentrations d 'un million des 
cellules par litre. D' autres taxons se succedent dans les divers echantillons: 
Eutreptiella marina Da Cunha en surface et au fond dans la station 1, Prorocentrum 
minimum surtout au fond dans les stations 4 et FC (8 ·105 cell.l 1), les 

microflagelles dans les eaux du fond de la station 1 ( 3, 5 •106 cell.l- 1), de la 

station 3 (1,5·106 cell.l-1) et de la station FV (dans cette station elles sont 

abondantes meme en surface), le picoplancton, toujours pres du fond, avec des 
concentrations massives de 330 ·106 cell.l- 1 au centre du bassin et de plus de 

16·106 cell.l-1 ala station 2. 

En AoUt Thalassionema nitzschioides est remplac&e par Nitzschia closterium Sm., 
plus frequente dans le secteur oriental (station FV en surface: 3,2·106 cell.l- 1; 

station 4 au fond: 4,9"10 6 cell.l- 1). Mais partout le plancton vegetal est dornine 

par des formes tres petites, qui au coeur du bassin d€passent plus d'une fois 
300 ·106 cell.l-1. 

Une situation analogue se verifie en Septembre, lorsque la concentration du 
picoplancton augmente. Il est a remarquer que la colonne d 'eau prE.sente parfois 
une densite phytoplanctonique bien homogene (stations FC et 3), parfois des 
differences tres evidents. Les echantillons recoltes en Octobre sont caracterises 

par une presence massive de Syracosphaera sp., qui, surtout en surface ,· d€:passe 
souvent 5 ·10 5 ce11.1-l; au contraire le picoplancton baisse fortement, en 
atteignant en surface seulement 5 ·106 cell.l- 1• 

L' evolution de la densite phytoplanctonique correspond a celle de la 

chlorophylle ~ , plus €:levee en Aoiit et en Septembre; au contra ire il est plus 
difficile de comparer le nombre de cellules avec la biomasse et le contenu 
carbone, influences d 1 une fac;on diff€rente par la presence d 'esp€:ces qui ont un 
volume cellula ire trE:s varie. 
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EFFECT OF SJME NUTRIENTS AND THEIR CCMBINATION 

ON THE GROWTH OF NITZCHIA PALEA (KlJTz) W,SM, 

Ramses R. ABDALLA, Amin A. SAMAAN and Zeinab M. EL-SHERIF 

Institute of Oceanography and Fisheries, Alexandria (EgyPt) 

INTRODUCTION 

Host studies of nutrients effects on algal growth relate to experiments where 
single element were applied. However in aquatic ecosystem, several l!utrients are 
present together in different concentration and chemical forms. The aim of this 
work is to obtain approximate mathematical picture of the potential impact of 
multielement concentration (N, P, Fe and Si) on the growth of Nitzchia palea . 

MATERIAL AND METHODS 

The alga was cultured in modified Chu 10 solution. The ~ornplementary effect 
of N, P, Fe and Si was evaluated simultaneously by applying 2 factorial experi
ment (Cochran and Cox 1957) , where each factor occurs at only two levels -1 and +1. 
The scale of ne,utral variable change was chosen to be logarithmic~ so the real ele
ment concentration in mgfL equivalent to the coding level -1, 0, +1 for the four 
elements was as follows: N (0.25, 1.0, 4.0), P (0.1, 0.3, 0.9) Fe (0.1, 0.253, 0.64) 
and Si (9,27,81). Experiments were performed in triplicates. C~ltures were grown 
in incubators at a light intensity of SK Lux 8-nd temperature of 25-1°c. Experiment 
duration was 10 days. 

RESULTS AND DISCUSSION 

Statistical analysis for experimental data was carried out according to Cochran 
and Co~ (1957) The regression model describing the dependence of culture growth (Y) 
(in 10 cell ml) on the different levels ofN,P,Fe and Si at the different days of 

experir!lent are given in equation 1-5. 

(I) 
(2) 

(3) 

(4) 

(5) 

y = 
2 

y4 = 

Y6= 

y = 
8 

Y1o= 

415 + 78XFe + 62 XSi + 42 XNPSi + 38 XNPFeSi 

664 + 241XN + 267XSi + 86XPFe + 129XNSi- 88XPSi -209l).eSt 130XNPF;_l25XNPSi 

1397+574XN +158Xp +162XF;536XSi +105XNP + 79XNF; ll8XPF~162XFSi +416XNSi +186XNFe 

136 7+499XN+177Xp +609XSi +363XNSi -231XFSi 

1392+488XN+233Xp +183XF~-485XSi +137XNP +165flFe +321XNSi -129X Fd~138XNPFe 

From these models it is clear that within the concentration level range of the 
4 elements studied, the change from a lower element concentration to a higher one 
leads to significant increase in algal growth. This is indicated in model equation 
by the positive linear regression coefficients of N,P,Fe and Si). In some models 
thes;e coefficients are missed as their values were non-significant, but the effect 
of these elements can b~ easily noticed through their intereffect with the other elements. 
In general, beside the positive linear effects, there are some intereffects which 
strongly affect culture growth. All over the time of experiments, cultures were 
affected by 2 unlike intereffects. The positive intereffect of nitrogen with silicon 
and the negative intereffect of Fe with Si. This means that although the effect of 
nitrogen on culture growth positively depends on the concentration level of silicon 
the effect of the latter is weakened by increasing Fe level in culture media. This 
may be due to the coating of insoluble silicates of iron formed after the 
absorbtion of the irons or hydroxides of this element by silicon (Riley and Cheste~l971). 

During the first six days of experiments, culture growth was largely affected 
by the positive intereffect of P with Fe. This in~ereffect was previously noticed 
by Fedorov· et a1· (1970) and Abdalla (1986), but till now it is not well discussed. 
Beginning with the sixth day of growth till the tenth day, the positive intereffect 
of N with P was more pronounced. The synergistic effect of simultaneous N and 
P addition on culture growth have been discussed by several authors. Gatham and 
Rhee (1981) considered that algal growth is a function of external and internal 
~ N and P. 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. 

Data of this experiment shows that the dependence of culture growth on the 
concentration level of the four studied elements is a complicated process. Culture 
growth is mainly affected by N, Si and their intereffect. Nitrogen, in its turn, 
stimulates algal growth through its intereffect with Phosphorous. At the same 
time, silicon effect is inhibited by its intereffect with iron. On the other hand 
the latter stimulates algal growth specially at its early stages through its inter
effect with phosphorous. 
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SEASONAL DATA ON PLANKTONIC PRIMARY PRODUCTIVITY 

IN SoUTH-EASTERN r·1EDITERRANEAN WATERS 

A1exandru S . BOLOGA 

Romanian Marine Research Institute, P.O.B. 53, Constantza (Romania) 

Abstract 

PLanktonic primary productivity data of the south-eastern coastaL 
ZJaters of the Mediterranean, based on chicz:gor.9yU ~ determinations 
dUY'ing February-Marq_~ f..q.l2 to 9. 6 mg C m d ) and JuLy-August 
(0.12to7.2mgCm d J,arepresented. 

Resume 

On presente des donnees concernant La productivite primaire pLancto
nique des eaux cotieres sud-est mediterraneennes, basees SUr' des 
determinations de Z.a chf2rophz:Fe ~, pendant les saisons fevrier
m~:gs_ ro ... p - 9,6 mg C m jour J et juiUet-aout (0,12 - 7,2 mg C 
m JOUr' ). 

Planktonic primary productivity is an expression of phytoplankton 

biomass per unit time. For the Mediterranean Sea it is also con

sidered to result from closely interrelated ecological factors. 

Such data are very scarce for the Eastern basin and are non-existant 

for its south-eastern coastal waters. 

MATERIAL AND METHOD 

Phytoplankton samples for estimating the primary productivity were 

collected between Ras Karkura (31°28'N, 20°00'E) and Ras Azzaz 

(31°58'N, 24°59'E) Libya during February-March and July-August 1975. 

Twenty-one transects, with sampling at O, 10, 25, 50, 75, 100, 150 

and 200 m depths (sometimes also 300 and 400 m), were performed 12 

naut ica 1 miles off shore. From a total of 84 stat ions the chlorophyll 

.': content was determined in 864 samples. 

Primary productivity was estimated on the basis of the chlorophyll _<: 

content; the concentration of chlorophyll_<: was spectrophotometrically 

measured with a Beckman M25 equipment (RICHARDS and THOMPSON, 1952; 

STRICKLAND and PARSONS, 1965) and calculated using the trichromatic 

equations (UNESCO, 1966) . 

Computation of primary productivity was carried out by means of the 

conversion factor F~6o used· for: natural populations from warm 

oligotrophic waters (STRICKLAND, 1960). 

RESULTS AND DISCUSSION 

The determination of chlorophyll _<: concentrations and primary produc

tivity distribution in the mentioned sector was possible only in the 

eastern half, between Appolonia and Ras Azzaz, during both seasons. 

In the western half, the extinctions of chlorophyll _<: were below the 

dete.ction limit of the method used. The chlorophyll _<: concentration 

ranged between 0. 02 to 0.16 mg m -
3 

in the winter season and between 

0.02 to 0.12 in the summer season. Accordingly, it appears that the 

primary productivity values, ranging between 0.12 to 9 6 mg C m -
3 
d-1 

and 0.12 to 7.2 respectively, were similar in both seasons. 

The low and similar values indicate the presence of uniform water 

masses with a very low primary productivity level. These oligotrophic 

waters are similar to those reported for the region between the Chan

nel of Sardinia and the Algerian-Tunisian sector (COSTE and MINAS, 

1968; COSTE et al., 1969; GEORGIEVA, 1976). The results obtained 

are also very-;;-l:e to more recent data, based on 
14c estimates, from 

different sectors of the Mediterranean Sea including the Strait of 

Sicily (BOLOGA and PARKHOMENKO, in press). But, contrary to the known 

eastward decrease of primary productivity along the north African 

shore, the surface chlorophyll ~ concentration and the primary produc

tivity gradually decreased from Appolonia westward. 

Vertically, higher chlorophyll _<:concentrations usually occurred be

tween 50 and 150 m, as a consequence of an increase in nutrient supply 

due to the influence of the Atlantic Current. No chlorophyll a were 

evident at 300 and 400 m depths. 
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PLANKTONIC PRIMARY PRODUCTIVITY IN DIFFERENT SECTORS 

OF THE MEDITERRANEAN AND BLACK SEA LtJRit£ f'1c..Y-JULY H35 
Alexandru s. BOLOGA 0 and Alexandr V. PARKHOMENK0° 0 

o Romanian Marine Research Institute, P.O.B. 53, Constantza (Romania) 
Institute of Biology of Southern Seas, Sevastopol (USSR) 

New data on the pumK&Oi~<-c 
ranean ( 0. 5 to 
BLack Sea (9. 4 
presented. 

Absti'act 

PI'C•awn<-V<-t!l in foui' sectors of the Meditei'
to 0. 48 g C m-2d-1 J and one sectoi' of the 

0.78 g C m-2d-1J, dui'ing May-JuLy 1985, are 

Resume 

On pi'esente des nouveLLes donnees concernant La pi'oductivite pi'imaii'e plancto-
dans secteui's de la mei' Meditei'I'anee ( 0, {) - 11,3 mg C m-3 joui'-1, 

C m-2joui'-1) et dans un secteur de la mei' Noii'e (9,4- 14,7 mg C 
g C m-2joui'-1) pendant les mois mai-juiUet 1985. 

Researches concerning the level, and spatial and temporal distribution of pri

mary productivity in the Mediterranean and Black Sea, of current interest, have 

been carried out during the 19-th cruise of the R/V "Professor Vodyanitskiy". 

MATERIAL AND METHOD 

Phytoplankton samples for estimating the primary productivity were collected 

in the Mediterranean Sea from the Strait of Sicily (37°08'N, 12°50'E; 38°02 'N, 

11°01'E), the Balearic Sea (41°10'N, 06°16'E) and the Aegean Sea (36°14'N, 

23°36'E), and in the Black Sea off Cape Caliacra (42°52'N, 28°50'E). The eupho

tic zone was determined by the Secchi disc. One to four vertical profiles were 

performed for all sectors to 70 m. In total, 255 samples were analyzed. 

Primary productivity was determined ~ situ by means of the 
14c method (STEE

MANN NIELSEN, 1952). 

Computation of primary productivity was carried out by means of the usual for

mula (VINBERG .<:_!:_ ~-, 1960). Total inorganic carbon content of the sea water 

was considered for the Mediterranean as equal with that of oceanic water = 
25 mg 1-

1 
(VINBERG .<:_!:_ ~-, 1960) and for the Black Sea= 40 mg 1-

1 
(BOLOGA 

.<:_!:_ ~·, 1984). Values for the water column were calculated according to the 

scheme generally adopted for the Black Sea (HOROZOVA-VODYANITSKAYA, 1954). 

RESULTS AND DISCUSS ION 

In the mentioned sectors of the Mediterranean Sea the primary productivity 

ranged between 0. 5 to 11.3 mg C m-3d-1 and between 0. 06 to 0. 48 g C m - 2d-l. 

Very high values of the 
14c dark fixation, sometimes more than 50'lo of those 

in the light bottles, indicate the low productive level of these waters and 

suggest the relative importance of chemosynthesis and/or heterotrophy. The 

results obtained are a little higher than previous data from the Mediter

ranean (KONDRATEVA, 1973; BOLOGA, in press) and Aegean Sea (BECACOS-KONTOS, 

1977,1981). These data indicate, according to a recent classification of 

pelagic plant communities (KOBLENTS-MISHKE, 1982), the oligo- and mesotro

phic nature of these marine communities. Vertically, the highest primary 

productivity values occurred at the surface (e.g. Aegean Sea) or at the lower 

limit of the euphotic zone at 60 to 70 m (e.g. Strait of Sicily, Balearic 

Sea). 

In the Caliacra sector the primary productivity ranged between 9.4 to 

14.7 mg C m-Jd-
1 

and reached 0. 78 g C m-
2
d-

1
. These results obtained at the 

beginning of the summer season, lower compared with others from the same 

tor in May 1982 (BOLOGA .<:_!:_ ~-, 1983), indicating the presence of mesotrophic 

planktonic communities. A typical vertical distribution of primary producti

vity for the western part of the Black Sea characterized this sector, with 

the highest values in the upper 0 to 10 m water layer. 
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NUTRIENTS AND CHLOROPHYLL IN THE BAY OF KOPER, NORTHERN ADRIATIC 

Neda FANUKO (1) et Dubravko JUSTIC ( 2) 

( 1) Institute of Biology Ljubljana~ Marine Research Training Center 
Piran, Piran (Yugoslavia) 

(2) Department of Zoology, University of Zagreb, Roosveltov trg 6, 
Zagreb (Yugoslavia) 

Since 1979 the shallow, land-locked Bay of Koper has been receiving 

the sewage effluents from the river Ri~ana. In order to assess the 

impact of the outfall on the marine environment, the sampling site 

in the middle of the bay was chosen, 1 km off shore. Phosphate, ni

trate and chloroohyll Q concentrations were measured monthly at the 
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Fig. 1. Surface nutrients and chlorophyll 

surface from 1979 

to 1984. The peri-

od was divided in 

two parts, I: from 

197 9-81 and II: 

from 1982-84. The 

data were compared 

and some trends 

were observed. The 

average 3-yrs con-

centration of phos-

phate dropped 

slightly and that 

of nitrate was dou-

bled in the second 

period, although 

none of them sig-

nificantly. 

On the contrary, chlorophyll Q biomass was almost twice higher in 

the last period (p<.o5). The extreme values were higher in the II. 

period (Fig. 1.) and also was the chlorophyll dynamics altered. The 

curve with 3 annual maxima from the r. period, typical for the nor

thern-adriatic phytoplankton (Gilmartin et Revelante, 1983) has 

been transformed into the curve with only one maximum in the second 

period. 

Nutrients, especially phosphates are often chosen as the tracer of 

pollution (Ryther et Dunstan, 1971). According to this criterion 

the pelagic environment of the Bay of Koper has been regarded as 

unaffected by the sewage disposal (Turk et al., 1932) and neither 

were any trends in nutrient level evidenced in the whole Gulf of 

Triest (0livotti et al., 1985). Our oresent data show that the 

changes of marine environment in the vicinity of the sewage 

outfall do exist. 
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MESURE DE LA PRODUCTION PRIMAIRE PARTICULAIRE ET DISSOUTE 

AU LARGE DE LA BAlE DE CALVI ((ORSE) 

M. LICOT 

Laboratoire d'oceanologie, Institut de Chimie, 
UniversitE de Liege, Sart Tilman, LiEge (Belgique) 

La production primaire particulaire et dissoute a ete mesuree au large de la 
baie de Calvi (42°10'N, 8°40'E) en fevrier, juin et octobre 1984, au niveau de po
pulations phytoplanctoniques prelevees a la profondeur ou leur biomasse etait maxi
male. 

Les productions sont mesurees au 14c ; de 100 a 200 ~Ci sont ajoutes a 1 litre 
d'eau de mer prefiltree qui est ensuite reparti dans deux bouteilles claires et une 
bouteille noire de 300 ml. Les details du mode operatoire sont decrits par 
LANCELOT (1979, 1983). 

Des cinetiques d'incorporation de bicarbonate 14c en fonction du temps d'incu
bation (4 heures maximum) ont ete realisees. 

Dans la litterature, les mesures de production dissoute concernant la Mediter
ranee sont quasi i nexi stantes. EQ l)ler du Nord, l es taux d' excretion phytop l anctoni
que les plus eleves (P.E.R. ~ 80)\lJ correspondent toujours a de faibles teneurs en 
azote mineral (1 ~g at/l)(LANCELOT, 1979). La MediterraneA, caracterisee par une 
o l i gotrophi e accusee, pourra it a i nsi favori ser une importante ~coducti on di ssoute 
dont i l con vi endra it de teni r compte dans l es mesures de production. 

Les cinetiques de production (figure 1a,b,c) sont lineaires aux mois de fevrier 
et juin mais au mois d'octobre, une inhibition importante (30% de la production par
ticulaire) a ete observee. En periode de bloom printanier, la production (particu
laire et dissoute) est maximale (75 mg C/m 3 .jour). Les phytoplanctontes a croissan
ce elevee sont trouves en surface, la ou l 'energie lumineuse est importante. En 
condition estivale oligotrophe, les phytoplanctontes ont une production particulaire 
plus reduite (de 11 a 31 mg C/m 3 .jour) et une excretion non detectable. Ils sont 
trouves plus bas dans l a col onne d' eau ( 30-35 metres), profondeur a i ntens i te l umi
neuse non in hi bitri ce. 

En automne, la production primaire est maximale en surface (> 20 mg C/m3 .jour) 
alors que les fortes biomasses phytoplanctoniques se rencontrent au niveau de la 
thermocline (> 0.5 mg chl.a/m3 ). Les communautes algales estivales (production de 
profondeur) sont en fait progressivement remplacees par des populations hivernales 
(production de surface), lors de la destabilisation automnale de l'eau. Cette si
tuation explique probablement l 'inhibition de production qui est observee a intensi
te lumineuse reduite (fig.1c). 

Malgre l'oligotrophie du milieu, les valeurs de production dissoute restent 
faibles (0% en juin et octobre et 10% de la production primaire particulaire en fe
vrier). La valeur la plus elevee est trouvee au moment du bloom printanier. La 
negligence de cette mesure dans la production primaire globale ne sous-estime done 
pas fortement l a production phytop l anctoni que. 
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Cinetiques d' incorporation du 14c (desintegrations par minute : d.p.m.) 
en fonction du temps (min.). Production particulaire (P.P.) et produc
tion dissoute (P.O.) a la lumiere de 305 ~ Einst. s-1 m-2 en fevrier 1984 
(A) et a la lumiere de 91 ~ Einst. s-1 m- en juin (B) et octobre 1984 
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THE EFFECT OF POLLUTION ON THE PHYfOPLANKTON SPECIES DIVERSITY 

Kalliopi PAGOU 

Nuclear Research Center 11 Demokri tOS 11
, Aghia Paraskevi, At tiki (Greece} 

Diversity is an important parameter of the species community struc

ture. In this paper an attempt has been made to examine the changes in 

species diversity caused by pollution in an inshore environment of the 

Saronicos Gulf, Aegean Sea. 

Surface water samples (1m depth) were collected monthly at the 

eutrophic st. s 1 and the oligotrophic st. s 3 (Karydis et al., 1983) in 

W. Saronicos Gulf, during 1980. The phytoplankton cells were counted 

in an inverted microscope. For every sample two diversity indices were 

calcula tea: i) the one proposed by Margalef ( 1 9 58) according to Bril

louin-s formula (1956) and ii) the complemented Simpson-s diversity 

index (Legendre and Legendre, 1983). Also the D/Df ratio (Diatom cell 

concentration/Dinoflagellate. cell concentration) was estimated. 

It is obvious from Fig. 1 that the seasonal fluctuation of diatoms 

and dinoflagellates at st. s 3 was similar to the corresponding annual 

cycle in lower Saronicos Gulf (Ignatiades, 1969). On the other hand 

at st. s 1 the annual cycles showed discrepancies having maximum values 

during summer. The D/Df ratio fluctuations (fig. 1) and annual· mean 

(st. s 1 .32.01, st. s 34.89) also indicated differences in the degree 

of species dominance between the two stations. The annual mean of the 

Margalef-s diversity index (fig. 2) was 1.64 for st. s 1 and 2.25 for 

st. s 3 , whereas the complemented Simpson-s index (fig. 2) was 0.45 for 

Fig. 1. Annual fluctuations 
of diatoms, dinofla
gellates and D/Df 
ratio, during 1980, 
at st. s 1 and s 3 . 

=Diatoms 
.., Dinoflag<? llateos 

st. s
1 

and 0. 60 for st. s
3 . The differences between the two station"' 

were verified by a correlation analysis, where no statistically signi

ficant correlations for the three indices were found between stations. 

Furthermore, the heterogeneity in plankton composition between stations 

gave rise to coefficients of variation (CV%) up to 108.30% for 

Margalef-s index, 115.75% for Simpson-s index and 140.50% for D/Df 

ratio. The D/Df ratio showed the highest level of CV% (7.72-140.50%), 

this seems to be a very sensitive index to community perturbations 

(Ignatiades, 1984). Finally, since a high correlation exists between 

the two diversity indices at each station (0.98 for st. s
1 

and 0.96 for 

st. s 3 ), both indices can predict equally well the effects of pollu

tion on an aqua tic community. 

QQ.L,-,~~,......;ri!...,... 
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Fig. 2. Seasonal variations of Margalef-s diversity 
index (_.) and complemented Simpson-s diversity 
index (o-<>), at st. s 1 and s 3 , during 1980. 
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UREA FLUCTUATIONS IN A EUTROPHIC AND AN OLIGOTROPHIC ENVIRON"'ENT 

K. PAGOU, L. IGNATIADES and N. MOSCHOPOULOU 

Nuclear Research Center "Demokri tos", Aghia Paraskevi, At tiki {Greece) 

This investigation describes the annual fluctuations of N-urea in 
a eutrophic environment influenced by domestic sewage and an oligot
rophic non-polluted environment. The quantitative relntionships be
tween N-urea and N-Nlh, N-NO:. and N-NO.. as we 11 as the phytoplankton 
in ce lls/1 and ch 1 s have been also examined. 

Month 1 y measurements of N-urea concentrations were made in the Sa
ronicos Gulf, Aegean Sea, at two stations, one inshore eutrophic (S), 
and one inshore oligotrophic (V). Water samples were collected with a 
van Dorn sampler from 1m depth and filtered immediately through mem
brane filters (0.8 1Jm pore size). The filtrates were analysed for 
N-urea (Newell et al .. 1967), N-Nlh (Liddicoat et al., 1976) and N-NO:., 
N-NO.. (Strickland and Parsons, 1968). Chlorophyll s determinations 
(Strickland and Parsons, 1968) and phytoplankton cells/1 were also de-
termined. 

6 

5 

UREA IN SEA l-'lATER 

SELIN lA 
(5) 

AMJJASONDJ FMA 

The monthly variability of 
N-urea at both stations is des
cribed in Fig. 1. It is seen 
that in the eutrophic station 
S the concentration of N-urea 
was higher (1.51-6 .60 IJg-atN/1) 
than in the oligotrophic sta
tion V (0.61-3.46 IJg-atN/1). 
The fluctuations of the N-urea 
concentration with time had 
irregular pattern at both sta
tions. 

Non-parametric (Spearman's rank) correlation coefficients were cal
culated in order to clarify whether the concentration of N-urea was cor
related with the concentration of other N-compounds as well as with the 
phytoplankton mass parameters (cells/1. chl s l. The results showed 
significant relationships only between N-urea vs N-NO., and N-urea vs 
N-NO:.. 

The percentages of N-urea, N-NHz, N-NO:. and N-NO.. to the total 
nitrogen (N-urea+N-Nlh+N-NO:.+N-NO..l are given in Fig. 2. It is 
seen that at the oligotrophic station V the relative percent for 
N-urea overscaled the percentages of the other nitrogen compounds 
in all instances. At the eutropbic station S the percentage of 
N-urea to the total N was not always higher but it appeared in 
certain occasions equal or lower to theN-NEb percentage (Aug., 
Oct . , Dec. , Jan. , March) . 
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Fig.2. Relationship of percentages of N-urea, N-NEb, N-NO:. 
and N-NO.. to the total Nitrogen. 

The results concerning the irregularity in the fluctuation pat
tern of N-urea with time and the lack of its relationship with the 
phytoplkankton mass parameters are also in agreement with the find
ings of other investigators (Remsen, 1971; Turley, 1985). These in
consistances might be due to the preferential assimilation of N-sour
ces (ammonium>urea>nitrate) by phytoplankton (Harvey and Caperon, 
1976) which was influenced by environmental factors (Terlizzi and 
Karlander, 1980). 

References 

Harvey, W.A. and Caperon, J. (1976). Pac Sci. , ]Q : 329-340 
Liddicoat, M. I., Tibbits. S. and Battler. E.L. (1968). ~ 

.lk§:_,_ • 1Q :567-568. 
Newe 11. B.S .. Morgan, B. and Cundy, J. ( 1967) . J mar Res 

Q :201-202. 
Remsen, C.C. (1971). Limnol Oceanoqr , 1§. :732-740. 
Strickland, J.D.H. and Parsons, T.R. (1968). Bull. Fish Bd 

~. 167 
Terlizzi, D.E. and Karlander, E.P. (1980). J. Phycol 1§. 

364-368. 
Turley, C.M. (1985). Phil. Trans. R. Soc Lond B. , ;nQ :471-

500. 

192 

P-I2o 
DYNAMICS OF PlANKTONIC BI0\1ASS SPECTRA DURIJ'£ A WINTER PRODUCTION PULSE 

IN THE Bt\y OF fi1ALAGA (f\M ALBORAN SEA) 

J. RODRIGUEZ, F. JIMENEZ, V. RODRIGUEZ and B. BAUTISTA 

Departamento de Ecologia, Facultad de Ciencias, 
Universitad de Malaga, Malaga (Espana) 

As an alternative to the community approach, the analysis of the size 

distribution of biomass has emerged during the last years as a useful tool in the 

analysis and understanding of pelagic ecosystems. However, until very recently 

(Rodriguez & Mullin, in press) the basic question of whether there is a simple 

relationsi)ip between the biomass (as the amount of living material per unit of envi

ronmental area or volume) and the size of planktonic organisms remained unanswered. 

Rodriguez and Mullin (op. cit.) have demonstrated that this relationship exists at 

least for the plankton of an oligotrophic ecosystem such as the central gyre of the 

North Pacific Ocean. A log-log plot of biomass ~· size is linear with a negative 

slope. 

However, what is the situation in ecosystems far from the stationary 

character of the oligotrophic ocean?, how do fluctuations and perturbations propagate 

along a spectrum of sizes and biomass?. In the coastal waters of the Mediterranean 

Sea it is frequent to observe sharp fluctuations in plankton biomass. In such a case 

we expected to find: A) High variability in the slope of the more or less characte

ristic biomass spectrum, and B) A fluctuation in the photoautotrophic size range 

to propagate along the biomass spectrum like a damped wave of energy, possibly with 

resonant effects. 

We tested these hypotheses on the winter fluctuation depicted in figure 

1 of Jimenez et al. (this volume). Methods are basically described in that paper but 

there are supplementary samples studied. Approximately 30 L of sea water were 

filtered through a 45 I-"" mesh for microplankton analyses. Zooplankton was sampled 

by means of Bongo-type nets,equipped with 100 and 200 pm mesh respectively and flow

meter; hauls covered the euphotic zone. A combination of microscopical techniques 

and image analysis permitted us to characterize each sample as a biomass spectrum. 
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Figure 1 represents spectra variability 

during the fluctuation studied. these 

spectra are normalized, that is 

jl(vi)=b(vi)/ fj, vi' where b(vi) is the 

absolute value of biomass and fj, vi is 

the width of each size class. In the 
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log V, 11m3 

log
2 

scale of sizes used (see Jimenez 

et al., this volume) , f:. vi rv vi; assuming 

that all the organisms in any size class 

have the same size, then these normali

zed spectra would be equivalent to 

density spectra. 

Covariance analysis was used to define groups of spectra on the basis 

of existing signifficant differences in slope and position. In figure 2 we represent 

the dynamics of de-normalized groups of spectra which show how the fluctuation 

propagates. The fluctuation implies an increase of total biomass as well as the 

increase of the negative slope of typical winter spectrum (from A to B) . \IIi th time, 

the slope becomes positive (C); this is supposed to be an unstable situation with 

most of the biomass in consumers. A resonant-like effect takes place and the spectrum 

approaches the zero slope again ( 0). 

Further development of this approach is important, among other things, 

because it permits to characterize the planktonic community and the pelagic ecosystem 

in a rapid, repetitive and objective way. 
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RELATIONSHIP BETWEEN DISTRIBUTION OF MICROPHYTOPLANKTON CELL VOWVIE 

FRACTIONS AND EUTROPHICATION IN THE ADRIATIC 

Damir VILICIC 

Biological Institute, P.O.B. 39, Dubrovnik (Yugoslavia) 

~~ytoplankton mean cell volume and percentage contribution of 
volume fractions to total cell number ana volume, were analyzed in 
regard to eutrophication. 

In a period from 1979 to 1982 the investigations of phytoplankton 

population density and cell volume were carried out at 14 stations along 

the eastern coast of the central and southern Adriatic (Table 1). 

Samples were collected once a month throughout the year, at three depths 

(1, 5, 20 m at nearshore stations; 1, 20, 50 m at offshore stations). 

The following parameters were analyzed: 

1. Microplankton mean cell volume, determined by dividing total 

cell volume by population density. 

2. Volume coefficient of microplankton cell~ (Kvc~ 11), expressed as 

a ratio between relative frequency of the mean cell volume (V), less and 

larger than 3000 }.1113/cell, as follows: 

% frequency V<3,000 ~/cell 
Kvcell = ----------------------

% frequency V>3,000 ~/cell 

3. Relative contribution of three microplankton cell volume 

fractions (<1000, 1000-3000, >3000 ~/cell) in total microplankton cell 

density, and total cell volume. 

The Kvcell ranged from 0.49 to 2.45 (Table 1). Values <1 are 

proposed to indicate a decreased eutrophication, values 1 to 1. 5 

moderate, and values >1.5 increased eutrophication. Percentage 

composition (and frequency distribution) of microplankton volume 

fractions were analyzed at two differently eutrophicated stations in the 

southern Adriatic and sustained the demonstration about microplankton 

cell volume coefficient distribution (Figure 1). Domination of <1000 

}.1113/cell fraction (considering total cell density) over more voluminous 

cell fractions is characteristic for Kotor Bay as well eutrophicated 

ecosystem. The domination of cells belonging to 1000 - 3000 ~/cell 

fraction was recorded at a less eutrophicated offshore station . 

Relative contribution to total cell volume is increased in larger cell 

fractions, markedly at offshore station. 

Table 1. Categorization of the analyzed ecosystems according to 
the microplankton mean cell volume, i.e. frequency of volume 
fractions larger and smaller than 3000 ~/cell. Kvc~ll = 
volume coefficient of cells. 

Number Frequency (%) 
of ~/cell 

Stations samples <3000 >3000 Kvcell 

Kastela Bay 31 
Kotor Bay 33 
Gru2 Bay 58 
Prokljan Lake 33 
Sibenik - harbour 33 
Karin Sea 32 
Mali Ston Bay 61 
Novigrad Sea 34 
Zupa Bay 19 
Velebit Channel 34 
Privlaka Bay 24 
Nin Bay 28 
Open sea - 100 • 46 
Open sea - 1000 m 27 

KOTOR BAY (n•231 

. 
a: 

1000 pn3/cell 

71 29 2.45 
69 31 2.22 
69 31 2.22 
66 34 1. 70 
63 37 1. 70 
62 38 1.63 
59 41 1.44 
53 47 1.13 
47 53 0.88 
38 62 0.61 
37 63 0.58 
36 64 0.56 
35 65 0.54 
33 67 0.49 

ISOBATH 100m (n:20) 

~ 
10 ZO 30 40 50 GO 70 80 90 100 0 10 20 30,40 50 60 70 80 90 100 

RELATIVE CONTRIBUTION 

TO TOTAL CELl NUMBER!!ZZllANO VOLUME!=! 

Figure 1. Frequency distribution and relative contribution of 
three microplankton cell volume fractions to total 
microplankton cell counts and volume, at two differently 
eutrophicated stations in the southern Adriatic 

P-Ill 
DISTRIBUTION ANNUEUE DES CILI~S PlANCTOOIQUES DANS LES EAUX 

DES lLES f1EDES (COTE DE GIRa•mE), MffiiTERRANEE NoRD-{)cCJDENTALE 

Manuel PALAU 

Depart.ment d' Ecologie, Facul te de Biologie, 
Universite de Barcelone, Barcelone (Espagne) 

Le groupe microzooplanctonique des Cili6s, fut dEmombre dans les memes echanti
llons (100 ml) que ceux utilises pour l'etude de l'evolution annuelle du phytoplanc
ton sur deux stations neri tiques si tuees aux environs des Iles Medes. Pratiquement la 
totali te des Cilies recenses appartiennent a 1 'ordre des Oligotrichida, dont la plu
part etaient des petites especes ( 10-30 )llll) de determination delicate' du sous-ordre 
des Oligotrichina. 

Une evaluation mini male de la densi te moyenne annuelle est de 2114 cellules par 
litre (Amplitude de 220 a 8780 cellules par litre). Les fluctuations ne sont pas tres 
fortes (Fig. 1). La plus grandedensitedes populations de Cilies s'observe de mars a 
juin, apres le maximum de phytoplancton et leur distribution verticale moyenne montre 

station MOUT (42"2'22"N,3"13'42"E) Cllies eel ml-1 
mO 

10 

<1 
20 

<1 
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F M A M A s 0 N 0 
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atatlon MINT (42"2'40"N,3"13'10"E) 

] : ~~·~
1

,_r~,~~\~,:::~::;-l~~~~~~-~1.,...~....-~--~-~-~ .... l .......... ~.,' j 
J F M A M A s 0 N 0 

1983 

FIG. 1. -Distribution verticale annuelle des Cilies oligotriches. 

un maximum en surface comme les observations realisees dans d ... autres aires de la 
mer Catalane. Le maximum superficiel observe en juin, correspond a des eaux tres des
salees (34 %) qui s'etendaient sur presque tout le plateau continental catalan, at
teignant l'espece Laboea strobila (50% de la population totale de Cilies denombres). 

L'ensemble des especes de Tintinnides, n'arrive pas au 5% de la population des 
Cilies Oligotriches denombres; ils sont mieux representes dans les eaux plus produc
tives. En general, tous les Cilies montrent une augmentation dans les regions d'af
fleurement marin et dans les aires cotieres' particulierement dans celles infuencees 
directement par les apports continentaux, trouvant les valeurs minimales dans les eaux 
du large plus oligotrophiques (Tableau I). La plus grande concentration de nanoplanc-

TABLEAU I 

Diatribution verticale dea Cilifs oli&otrichea. en nombre aoyen de cellules 
par 1 i tre. dana di veraea airea aarinea. 
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ton et de picoplancton (principales sources de nutrition des Cilies) dans les aires 
cotieres' pourrai t expliquer la distribution observee. 

Les protistes Rhizopodes (Acanthaires, Foraminiferes et Radiolaires) atteignent 
une densi te moyenne annuelle inferieure a 3 cellules par litre. 

Les Cilies Oligotriches constituent un important maillon dans les chaines tro
phiques marines; il serait necessaire d .. ameliorer les connaissances sur la taxonomie 
et 1' ecologie de ce groupe de protistes. 
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P-II2 
VERTICAL PARTITIONING OF THE WATER COLUMN 

BY A CILIATED PROTOZOAN POPULATION IN RELATION TO PREY AVAILABILITY 

Noelia REVELANTE and Malvern GILMARTIN 

Department of Zoology, University of Maine, Orono, Maine (U.S.A.) 

ABSTRACT 

An analysis of the vertical distribution of the ciliated protozoan 
population at oligotrophic and eutrophic sites, under stratified summer 
conditions, revealed a vertical "partitioning" of the water colu::m asso
ciated with the distribution of the nanophytoplankton crop. 

The ciliated protozoans represent an important part of the rnicrozoo
plankton stock in the northern Adriatic, especially under stratified su:omer 
conditione and at eutrophic western sites (Revelante et al., 1985) 
The vertical distribution of dominant species of ciliated protozoans through
out the water column was analyzed over two diurnal periods at an eutrophic 
western site off the Po River delta, and an oligotrophic site off the Istrian 
peninsula. The two sites had a majority of extant protozoan species in common 
but different dominants and size class structure. The two data sets provide 
inferences about the response of dorninant species to differences in trophic 
state and oceanographic water column structure. 

Each site was sampled at 4 hour intervals over 48 hours at 7 depths. The 
physical and chemical characteristics of the water column were deterrnined 
with the same frequency. 7/hole water samples for ncicrozooplankton analyses 
were collected with Van Dohrn bottles, preserved with Lugol' s solution, and 
concentrated for Utermohl enumeration by a sequential 72 hour settling proce
dure. 

Physically and chemically both the eutrophic (station 10) and oliE;otro
phic (station 6) sites were characterized by: 

a) a shallow, well mixed (and less saline) surface layer of less than 
5 meters; 

b) a deeper, moderate pycnocline at 10-15 rneters; and, 

c) a nutricline located at some depth within the bottorn layer. 

The pycnocline appeared to separate the water column into tt>o distinct strata 
at about 15 meters, with the surface stratum capped by a thin low salinity 
layer. 

The microzooplankton enumeration shot7ed a pronounced water column parti
tioning by the ciliated protozoan stock into two pronounced maxima: one at 
the surface, and a second· at some depth below the pycnocline. At the eutro
phic site the sub-surface maximum was more pronounced with over 70'/o of all 
protozoans in the water column concentrated in the layer, compared with 20'}6 
at the surface and about 11Y/a at intermediate (i.e. 5 - 20 m) depths. In con
trast at station 6 about 50% of the stock was concentrated in the 0 - 5 m 
surface layer, 10 - 20"/a in the intermediate 5 - 20 m, and about 40% below 20 
m. The sub-surface protozoan maxima were associated vlith maximum nanophyto
plankton chlorophyll ~ concentrations, as :vell as the highest nano/cicro 
phytoplankton chlorophyll ~ ratios, indicating a close predator/prey rela
tionship. 

The sub-surface ciliated protozoan and nanophytoplank.ton n:taxi::Ja form 
a dense layer in the bottom stratum, with the highest concentrations at 
20 meters at the eutrophic site, and somewhat shallower ( 15 meters) at the 
oligotrophic site. Some species were concentrated in a single thin layer, 
but other species were more diffuse being collected over 10 - 15 meters. At 
both sites the ciliated protozoans and nanophytoplankton were located just 
above the top of the nutricline, which is assumed to re fleet a dynamic 
balance between available nutrients and underwater light levels. At the oli
gotrophic site high nutrient~concentrations only occured in a thin bottom 
layer at 30 meters, and the nutricline (and nanophytoplankton/protozoan stocks) 
occurred at 15 meters atop a slightly stable bottom stratum. In contrast, at 
the eutrophic site high nutrient concentrations occurred throughout a thicker 
bottom layer (20 - 30 meters), but the bottom stratum was well mixed with 
little change of density with depth. Here the nanoplankton were at 20 meters. 

Thus the higher phytoplankton standing crops and their presumed proto
zoan grazers were associated with higher concentrations of nutrients, from 
freshwater Po River discharge at the surface, and from the region of the 
nutricline in the lower stratum of the water column. Noteworthy: an asso
ciated subsurface oxygen maximum indicated that the nanophytoplankton popu
lation was actively gr01ving in the sub-surface chlorophyll maximum. 

The species composition of the two ciliate maxima differed bet~1een the 
two sites. The surface maxima are dominated at both sites by t·.vo species, 
Strol:lbidium ovale and Strombidiu"' delicatulum(?): s. ovale \7as th<> clear 
dominant underoTigotrophic conditions, and §.· delicatUiiii:l(?) under eutrophic 
conditions. The sub-surface maxima at both sites were characterized by sets 
of species restricted to the lower stratum of the water column, ap,earing 
only sporadically (if at all) in surface layers. Additional partitioning by 
species occured in the bottom layer, with some species such as ~ 
grandinella, Strombidium ~. Eutintinnus ~ and Strombidium 
delicatulum (?) concentrated in the upper part of the stratum associated 
with high nanophytoplankton crops. At station 6 the sub-surface maxirnum 
was dominated by~ gracillima, .§.• ~· and §.• delicatulum (?)~ 
The protozoan biomass in the lowest layer was mainly contributed by ~ 
semella nivalis at both sites, but at. station 6 this species was restricted 
to a tn= l.ayer at 30 meters. The deeper near sediment positioning of this 
species may be related to sediment particle availability for lorica building. 

P-III1 
COPEPODES LES PLUS IMPORTANTS OU CARACTERISTIQUES DE LA BAlE DE PALMA, 1982 

Aina CARBONELL et Javier JANSA 

Centro Oceanografico de Bale ares, Muelle de Pelaires s/n, 
Palma de Mallorca, Baleares (Espana) 

De mars a novembre 1982 on a realise, tous les deux mois, des prises d · 
echantillons sur cinq stations dans la baie de Palma <peches horizontales et 
obliques),(fig. 1). 

L' analyse de ces echantillons montre que les copepodes• constituent le 
groupe dominant avec un pourcentage annuel de 57.05 % du zooplancton. 

Parmi les 72 especes identifiees, nous ne considerons que celles dont le 
pourcentage global est superieur a 1 %. 

Par ordre d' importance decroissante, nous pouvons signaler les especes 
suivantes: Acartia clausi* <14 .60 %) , espece permanente dont la periode de plus 
grande abondance se situe de mars a mai; en surface et dans les zones tres 
proches de la cote on a observe des densitees importantes avec un maximum de 
1209 individus m-3. T8111ora styliferat <12.72 %) , egalement permanente a montre 
son -maximum au mois de setembre. Clausocalanus furcatusu (11.94 %) est plus 
frequent dans les peches obliques bien qu 'on ait trouve aussi des concentrations 
importantes en surface; elle s 'est relevee comme une espece permanente pendant 
toute la peri ode d' etude mais sa plus grande abondance se si tue au mois de 
juillet. Paracalanus parvuSf (7 .22 %) est frequent dans toute la zone mais un 
peu plus abondante sur les stations les plus pr6ches de la cote. Les plus 
grandes densites s' observent pendant la periode chaude. Oithona plum if era <4 .17 
%) est plus abondante sur les stations les plus eloignees de la cote et en 
profondeur; elle est permanente et sa periode d · abondance maximale s · observe 
de juillet a novembre. Centropages ponticuSf (4 .04 %) , n · est pas permanente et 
les plus grandes concentrations s' observent en saison chaude et uniquement en 
surface. lsias clavipes <3.00 %) est specialement abondante au mois de mai. 
Calocalanus pavo <1.79 %) est mieux represente en automne. Dncaea media <1.74 
%) a sa periode de plus grande abondance de setembre a novembre. Oithona 
helgolandica (1.46 %) est plus frequente en surface et en saison froide. 
Clausocalanus arcuicornis <1.13 %) est plus abondante en hiver. Nannocalanus 
minor <1.24 %) , typique de la periode chaude, est mieux represente dans les 
peches obliques. Centropages typicus <1.1 '.4) est surtout frequente en mai. 
Ctenocalanus vanus <1.1 %) est tipiquement hivernale <abondance maximale debut 
mars) et plus abondante dans les peches obliques (fig.2: *· tt:Clausocalanus 
spp.). 

La diversite specifique minimale <indice de Shannon ) est au mois de mai 
et la maximale en novembre. 

Du point de vue qualitatif, notamment pour les especes dominantes, nos 
resultats coincident avec ceux de Massuti <1942). Ils s' accordent aussi avec 
ceux de Gelabert <1985) a 1 · exception de quelques differences comme la rarete 
de Paracalanus parvus ou la plus grande abondance de Clausocalanus arcuicornis. 
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During the 48 hour observational series of diurnal changes there ;?as •0 
no clear indications of vertical migration within this group of microzoa-
plankton species. 

In summary: 

a) there are t":7o, clearly defined ciliated protozoan maxina in the 
northern Adriatic water column; at the surface, and at some 
sub-surface depth belo,. the pynocline; 

b) the sub-surface maximum was associated w~th a sub-surface nano
phytoplankton maximum; and, 

c) the presumed protozoan/nanoplankton predator/prey comrnunity at 
sub-surface depths is shallow'!r at eutrophic sites, ap;:arently 
responding to a shallcwer nutricline. 

Revelante, ;:. , !-1. Gilmartin and N. Smodlnka, 1925. The effects of Fo 
River induced eutrophication on the distribution and community structure 

~!r~;;~~ t~=a:r~:o~~:~k:n~e::~r~(45~z4G~ -4~~~lations in the northern 
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Fig. 1: Carte des stations. 0: peche horizontale, H: peche oblique. Fig. 2: 
Variations saisonnieres des principales especes de copepodes (%), <D et du 
pourcentage des copepodes I zooplancton <ID 
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LES EUPHAUSIACES DU SUD DE LA MER ROUGE 

REMA.RQUES ZOCGECX3RAPHIQUES ET BIOLCX3IQUES 

Bernadette CASANOVA 

Laboratoire de Biologie Animale (Plancton), 
Universit€ de Provence, Marseille (France) 

Le secteur meridional de lamer Rouge a €t€ prospect€ par le N.O. "Thalassa'' 
(I.S.T.P.M.) entre I3°20' et 2I 0 03' N, du 18 au 20 janvier et le 17 mars I977 ; 38 
prelevements horizontaux ont ete effectues sur 9 stations : 9 avec un filet WP2 en 
subsurface pendant 10' et 29 avec 2 filets non fermants Bongo (335 et 500 )liD) a IOO, 
200 ou 250 m pendant 30'. Les p€.ches de nuit et de jour se repartissent a €galit€. 

Neuf esp€ces ont ete identifi€es (tabl. I) parmi les 13700 specimens d€nom
bri§s, ce qui porte a treize le nombre d 'esp€.ces connues dans cette mer. 

I. Repartition g€ographique. On distingue deux groupes : 
a) Especes autochtones. Elles sont au nombre de cinq; leur repartition sur 

1 'ensemble de -ia mer RoUge fi'est pas uniforme, sans etre cependant aussi tranchec 
que celle des Chaetognathes (5), connus pour etre d 'excellents indicateurs des masses 
d'eau. D'apres nos observations et celles des auteurs (6, 8, 9, 10), on y reconnalt 
les memes grands types de repartition : 

- Trois especes ubiquistes avec Euphausia sanzo-i et Stylocheiron abbrev·iatwn qui 
representent pres de 11 % du stock, et S. affine (I6 %) qui presente cependant un 
maximum d'abondance a 16 et 17° N (fig. 1). 

- Une espece meridionale, E. sibogae•, la plus abondante de cette campagne (plus 
de 43 % des recoltes), principalement sur les quatre stations du sud de lamer Rouge, 
avec un maximum a l' entree de cette mer, et qui ne d8.passe pas 22° N (4). 

- Une espece septentrionale,enfin,. E. diomedeae, largement majoritaire dans la 
partie nord de la mer Rouge (4), totalise encore ici 28,6 % des recol tes ; son im
portance decro'it assez regulierement du nord au sud (43 specimens/IOO m3 d'eau a 
21° N, 36 a I9°, 13 a 16° et moins de 10 a 13°, dans des recoltes nocturnes). 

Bien implant€:es dans le secteur 8.rythr8.en, ces cinq especes d 'Euphausiaces 
sont en phase de reproduction puisque, aussi bien en janvier qu'en mars, de nombreux 
adultes portent des spermatophores et les ovaires des femelles sent mllrs, permettant 
ainsi de determiner les tailles de maturite et les taux de fecondite (tabl. I). 

b) Esp€:ces oc€ani3..ues. Transport€:es en mer Rouge par les eaux en provenance du 
golfe d 'Aden,-elles-n'y effectuent pas leur cycle biologique et disparaissent au fur 
et a me sure que celles-ci perdent leurs caract€.ristiques (S> 38 °/oo notannnent). Il 
s 'agit de Stylocheiron carinatwn, Stylocheiron Zongicorne forme "nord-indienne" de 
Brinton (1) et Nematoscelis gracilis, les deux dernieres etant nouvelles pour lamer 
Rouge. On peut y ajouter Pseudeuphausia Zatifrons, deja signalee dans le detroit de 
Bab-el-Mandeb et qui remonte jusqu'a 21° N. Mais cette espece etant neritique, il 
faudra s'assurer qu'elle ne constitue pas des populations p€:rennes pres des cOtes. 

2. Rythmes circadiens. Une diff€rence g€n8rique dans le comportement nocturne a €:t€: 
mise en evidence chez les adultes des espE:ces autochtones : les trois Euphausia, re
presentees de jour dans les seuls prelevements a 200 et 250 m, atteignent la nuit 
les couches superficielles ; au contraire, les deux Sty!ocheiron n 'effectuent pas de 
rythme nycthemeral et, de jour comme de nuit, sont presents jusqu' a lOOm mais jamais 
en surface. 

3. Adaptation au milieu. S. longicorne forme "nord-indie-nne" et E. diomedeae sent 
consid€.r€es par Brinton (I, 2) cormne caract8.ristiques des eaux pauvres en oxygene 
dans 1' Indo-Pacifique. J' ai montre (3) que 1 'augmentation de la longueur des branchies 
chez la premiE:re, par comparaison avec les deux aut res formes de 1 'esp€:ce, est une 
adaptation a ces eaux du nord de 1' ocean Indien. Or, 1' examen des branchies 
de toutes les especes autochtones de la mer kouge revele un d€:veloppement exception
nel des branchies posterieures.Cette mer €.tant connue pour sa grande pauvret8. en 
oxygene, les Euphausiaces qui y vivent y ant rem€.di€: par une augmentation de la 
surface branchiale. 

EspE:ces autochtones 

Euphausia sibogae 
Euphausia diomedeae 
Stylooheiron affine 
Sty Zocheiron ahbreviatwn 
Euphausia sanzoi' 

Especes transfuges 
Pseudeuphausia latifrons 
Nematoscelis gracilis 
Sty!ocheiron carinatwn 
Sty!ocheiron longicorne 

forme nord-indienne 

-if--i-do---~--i-9_____ -----
I967--3o-333o-117--4s6 43,3 7 
918 108 1133 228 I529 28,65 
537 I078 53 509 16,14 
IOS 24 313 92 472 7,35 
52 259 3 166 3,51 

44 83 
5 21 
I I 

40-60 
76-100 
8-16 

30-38 
85-96 

rJ ~ ----7=1o ____ 7=11-
6,6-12 7,7-I3 

6, 05-8, 2 6' 6-7, 8 
I1-13 I3-I6 
10-16 12-17 

Tableau I. - Nombre, pourcentage, taux de fecondite ( = nombre d 'ovules murs) et 
tailles de maturite des adultes ( = porteurs de spermatophores) chez les Euphau
siaces ( L = larves , j = jeunes). 

Fig. I. - Nombre moyen de specimens par peche au filet Bongo pour 100 m3 d' eau fil-
tree ; A = sibogae, B = E. diomedeae, C = Stylocheiron affine, D = S. 
ahbreviatwn, = Euphausia sanzo-i (x= nombre inferieur a l'uni te). 
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P-III3 
LES T HALAC I ES DE LA MER ROUGE MER lD !ONALE 

J. GODEAUX 

DE!partement d 1 oceanologie I Biologie Marine, 
Institut de Zoologie, Quai E~ Van Beneden 22, Liege (Belgique) 

Resume : La faune des Thal iaces de la mer Rouge meridionale se compose de 10 especes de 

Salpes et de 5 especes de Dolioles.La majorite des especes se rencontre dans toute 

la mer Rouge. 

[a faune des Thaliaces de la mer Rouge meridionale est restee inconnue,si l'on 

excepte quelques rares captures par la "Valdivia" en 1899 et le "Mabahiss"en 1933,au 

contraire de la partie septentrionale et du golfe d 'Aden(Godeaux 1985). Cet te lacune 

a pu etre comb lee par 1 'ex amen des recoltes de deux campagnes effectuees durant la 

mousson d' hiver par la "Thalassa" (janvier et mars 1,977: peches horizontales en sur

face,lO min. ,et par 100 et 200-250 m,30 min.) et [1<3r la "Valdivia"(mars 1979,peches 

verticales etagees de 450 m a la surface), au sud de 21 °S. Durant cette per iode, sous 

1 'influence des vents, s' opere un transport de masses d' eau en provenance du golFe 

d'Aden qui entrainent du plancton de l'ocean Indien dont une partie perit rapidement 

(ex. Pteropodes thecosomes). 

Les especes suivantes de Thaliaces ont ete observees : 

a)Pyrosomatidae : le seul indice de la presence possible de Pyrosome est une tunique 

remodelee par une Phronime femelle, pechee par 100 m de profondeur au nord du seuil 

de Hanish (1977). 

Salpidae : 10 especes de Salpes ant ete repertoriees,dont trois nouvelles. 

-Cyc.lo.oa.f.pa pinna.-ta. polae, connue du golfe d 'Aden, et C. bakvr.i, observee dans le 

secteur nord,ont ete recoltees en 1977 par 21 °N.Ce sont des especes toujours rencon

trees en petit nombre d' individus.Une forme solitaire de C.6-f.011.idana a ete capturee 

au fond du golfe. 

-BJr.ook.6ia Jr.o-6:/:Jr.ata, presente dans le secteur nord et dans le golfe, a ete reconnue en 

3 stations, mais en petit nombre d' exemplaires(6 FS et 5 FA), alors qu 'elle etai t 

presentee au large d 'Aden par 53 FS et 99 FA (une station, mars 1977). 

-Salpa c.ylindJr..£c.a a ete recoltee de part et d' autre du detroit de Bab el Mandab 

(cfr.Sewell 1953)par les deux expeditions, en nombre restreint d' individus par sta

tion,sauf a la station 7 (1977) par l6°N (37 FS et 13 FA). 

-TM.W zona.JL.£a a ete observee au nord du seuil de Hanish, avec des prises d' importance 

variable; les plus nombreuses ont ete realisees par les deux expeditions a hauteur 

des 18° et l9°N.Plusieurs dizaines de blastozol:des ont ete recoltes. 

-Thalia c.ic.M ,caracter istique de la mer Rouge est presente a toutes les stations, a 
cote de ThaJI.ia Jr.homboide-6 moins frequente. Thalia democ.Jr.a..tic.a a Me observee pour 

la premiere fois aux stations proches de 1 'entree (45 FS); ses representants ont peut

etre ete entraines par les courants de mousson. 

-Rit:tvr..£ella ambo.£neM.W est aussi une espece caracteristique de la mer Rouge,obser

vee regulierement,mais toujours en nombre limite d'individus,principalement agreges. 

-Pegea c.on6oedel[ata, signalee pour la premiere fois en mer Rouge, a ete rencontree par 

la "Valdivia" a hauteur ·du l9°N(mars 1979)ou existait un bane dense et etendu.Ce sont 

principalement des blastozo1des atteignant 4 em de long qui ont ete .recoltes.Cette 

Salpe est commune dans le golfe d' Aden et le long des cotes d • Arabie( Sewell, 1953, 

van Soest 1974). 

Doliolidae : 5 especes de Doliolums ont ete reconnues. 

-Vol.£olum den.ticula;tem et Vo.f.iofetta gegenba.uJr.i br.iton.W ont ete observes a toutes 

les stations,sous la forme de larves et d'oozo1des(rares) ,de nourrices, de phoro

zoides et de gonozoldes. V .denuc.ufa..twn est la forme la mieux representee; elle se 

rencontre de la surface a -250 m,mais surtout dans la couche superieure,avec des pri

ses de plusieurs centaines de blasto~ol:des au dela de l7°N.Les stations proches du 

detro1t sont pauvres ou tres pauvres:c•est a la station 7(16°N)que D.gegenba.uJr..£ 

:Ur..£:ton.W est present avec plusieurs centaines de blastozoides distribues de la surfa

ce a -250m, alors que les autres stations n'ont fourni que des nourrices,comme c'est 

generalement le cas. 

-Vol.£ofum na..t.i.ona-f..£.6: trouve en quelques stations, il est relativement abondant a hau

teur du l6°N ou les deux expeditions ont recolte plusieurs dizaines de phorozoldes 

et quelques gonozol:des, soi t beaucoup plus qu' aux aut res stations reunies. 

-Vof..£olina ind.£c.um et V .muelleJr.i ont ete observes so us forme d' oozoides ,de nourr ices, 

de Phorozol:des et de gonozo1des en de nombreuses stations. V . .£nd.£c.um est une espece 

commune en mer Rouge, rencontree dans la couche des deux cents met res. 

CONCLUSIONS : L' examen de la distribution des especes les mieux representees, IM.i..6 

zonaA.£a,Pegea c.on6oedeJr.ata,Voliolum denuc.ufat:mn, V.ri.a;t{_onal.W, Voi'..£olet:ta gegenba.uJr..£ 

montre que la productivite algale doit E>tre importante au nord du seuil de Hanish, 

vers les 16° a l8°N.C'est en effet dans cette region que les captures ont ete les 

plus import antes alors qu' elles diminuent vers le nord et plus encore vers le detroit 

de Bab el Mandab ou s'observe un minimum.La ~erne conclusion peut etre tiree de 

l'examen des prises realisees a la seule station operee en mars 1977(16°N). 

La faune des Thaliaces de la mer Rouge est evidemment d' origine indopaci fique et 

se revele tres homogene d'un bout a 1 'autre de cette mer,avec cependant des envahis

seurs temporaires,Pegea c.on6oedeJr.ata, Thaf.£a democJr.ohc.e,absents dans le secteur 

nord. 

Bibliographie : 

GODEAUX J. (1985) : The thaliacean Faunas of the Mediterranean and the Red Sea, in 

"Progress in Belgian Oceanographic Research", Brussels,p.451-459. 

195 

I 



II 

P-1114 
DECONERTE EN 11JliTERRANEE D

1
UN (HAETOGNATHE NOlNEAU DU GENRE ARCHAIQUE 

PROFOND AACHETEROKROHNIA : DESCRIPTION ET SIGNIFICATION BIOGEOGRAPHIQUE 

Jean-Paul CASANOVA 

Laboratoire de Biologie Animale (Plancton) , 
Universite de Provence, Marseille (France) 

1.- Description d'Araheterokrohnia palpifera n.sp. (fig. I) 

Elle porte sur deux exemplaires irnrnatures ramenes d I un dragage a 2000m de pro
fondeur (mission Biomede I du N .0. "Capricorne") au large des cotes sud-occidentales 
de la Corse, par 41"48'N - 8"16'E•. 

La taille est petite (6,9 et 7,lnun) et le segment caudal tres important (54,8% 
de LT). La tete porte 18 crochets, nombre tres iHeve en regard de la taille, minces 
et legerement recourbes. A laplace des dents anterieures s 'observe une paire de 
plaques arrondies, proeminentes, dont le bord est tres finement denticule, et entre 
lesquelles se trouvent des glandes apicales tres peu developpees; il y a 5 a 6 dents 
posterieures, tres courtes et a base elargie; les organes vestibulaires sont reduits. 
Mais le caractere le plus remarquable est la presence d 'une paire de pal pes bien de
veloppes, situes ventralement derriere les organes vestibulaires, au niveau de 1 'in
sertion des 2eme et 3eme crochets; ils sont recourbes vers la bouche et leur extre
mite est garnie d 'une rangee d 'une dizaine de dents courtes et coniques. La bouche 
est obturee par un bouchon de mucus et de sediment indiquant que cette espece est en 
partie limi vore, cornrne j e 1 'ai montre (l986a) chez les Biphragmophores (genres Hete
rokrohnia et Arahetarokrohnia) de 1 'Atlantique, en raison de la rarete des proies 
dans 1 'habitat bentho-planctonique profond de ces organismes. 

Il existe une paire de nageoires laterales, presque entierement couvertes de 
rayons, qui debutent au niveau du septum transversal; la nageoire caudale, munie de 
rayons, est tres engainante. Il n 'y a pas de collerette ni de diverticules intesti
naux et le ganglion nerveux ventral n 'a pu etre observe. Les gonades et les vesicu
les seminales ne sont pas developpees mais la base des receptacles seminaux et les 
orifices genitaux !f sont tres apparents. 

La musculature transversale latero-ventrale s 'etend sur plus de 90% du tronc et 
16% du segment caudal, ce qui permet de ranger cette espece dans le genre Arahete
rokrohnia. Dans la cavite generale du tronc de 1 'holotype ••, a proximite du septum 
transversal, s 'observe un parasite (Trematode?). 

2.- Incidences paleogeographiques de la presence d'Araheterokrohnia _en Mediterranee 

Les Chaetognathes Biphragmophores sont ben tho-planctoniques pro fonds (touj ours 
captures a plus de ISOOm de profondeur) et tenus pour ancestraux (Casanova, l986b). 
On les trouve dans taus les oceans et leur decouverte en Mediterranee pose un im
portant probleme de paleogeographie. En effet, en raison des caracteres enumeres 
plus haut, il est logique de considerer cette forme cornrne une relicte tethysienne, 
"piegee" en Mediterranee apres la rupture des communications profondes de cette mer 
avec les oceans adj acents, et qui se serait progressivement adaptee a la transfor
mation du milieu. Or, 1 1 assechement plus ou moins complet de la Mediterranee au 
Messinien ( -6 MA) aurait dil eliminer toute vie dans cette mer, notamment dans les 
bassins les plus profonds sous lesquels gisent les plus grandes quantites de sel. 
Apres cette periode d 'hypersalinite, la recolonisation de la Mediterranee s 'est 
faite par le detroit de Gibraltar, en principe inaccessible aux formes strictement 
abysso-bathyales comme les Araheterokrohnia. Certes, pour soutenir la these de relic
te tethysienne, il faudra s'assurer qu'A.palpifera n'existe pas actuellement dans le 
proche Atlantique et a des profondeurs permettant un passage fortuit en Mediterranee: 
je ne 1 1 ai trouvee ni sur les st. 9541 (0. du cap Blanc de Mauritanie) et 10379 (S. -0. 
des A~ores) du N.O. "Discovery", ou de nombreux Biphragmophores sont pourtant pre
sents a proximite du fond (a 4000 et 3000m, respectivement), ni dans les dragages ef
fectues de part et d'a1,1tre de Gibraltar (campagne Balgim 1984, du N.O. "Cryos") entre 
150 et l900m de profondeur' mais de telles prospections devront etre poursuivies pour 
apporter une certitude. 

Le cas de cette espece n' est pas unique. C 'est, par exemple, celui de trois Epon
ges archaiques localisees dans les grottes sous-marines, tenues pour des relictes me
sogeennes (Vacelet, 1981), dont les representants les plus proches sont indo-pacifi
ques, et qui n' ont pu penetrer par le canal de Suez, puisque des specimens fossiles 
de l'une d'elles, Petrobiona massiliana (genre monospecifique endemique), ant ete 
trouves en Crete, dans une grotte emergee depuis 1500 ans. C'est aussi celui de cer
tains Amphipodes benthiques, tels que le genre bathyal On.esimoides qui comprend une 
espece en Mediterranee et trois dans les eaux indonesiennes (Bellan-Santini, 1974), 
ou des Turbellaries du genre Phonorhynahoides, connu de Mediterranee, avec une espece 
endemique, et des cotes de Somalie (Brunet, 1981). 

On pens a it que seules des especes plus ou mains euryhalines, vivant essentielle
ment dans le domaine phreatique et dans les grottes' avaient pu survivre a la crise 
messinienne dans la Paratethys (Bacescu et Por, in Rampal, 198!); il faudrait done 
admettre que cette crise a egalement epargne certaines fosses de la Mediterranee (ou 
de la Paratethys?) oil ant pu se refugier quelques elements de la faune tethysienne 
bathyale. 

Remerciements: Je remercie Mme Bellan-Santini (Station marine d'Endoume) de m'avoir 
con fie l 'etude de ce materiel. 
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Fig. 1.- Araheterokrohnia paZpifera n.sp.: 
vue dorsale (a) et partie droite de la 
tete en vue ventrale (b). B = bouche, 
DP = dents pas terieures, OV = or ganes 
vestibulaires, P =parasite, PA= plaques 
anterieures, Pp = palpe. 

'St. BE9, date: 22-08- I 976, engin: drague epibenthique, duree de traict: 3h35mn. 

•*Depose, avec le para type, au Museum national d 'Histoire naturelle (Paris) sous 
les n• UB569 et UB570, respectivement. 

P-Ills 
SPADEUA LEDOYERI, (HAETOGNATHE NONEAU DE LA GROTTE 

sous-MARINE OBSCURE DES TREMIES (CALANQUES DE CAssis) 

Jean-Paul CASANOVA 

Laboratoire de Biologie Animale (Plancton) , 
Universite de Provence, Marseille (France) 

La grotte sous-marine des Tr€mies est situee sur la cOte est du cap Cacao s€pa
rant les calanques de Port Pin et de Port Miou, en face du port de Cassis. L'entree 
est a -15m de profondeur; sa longueur est d'environ 70m et elle se prolonge par deux 
culs-de-sac situes a -4m environ. 

Des pieges, confectionnes a 1 'aide de bouteilles ~e plasti~u: c~nte~ant des mou
les ecrasees et destines a la capture de la faune vag1le, ant ete deposes le 17-XII-
1985 et retires le 7-I-1986 par M. Ledoyer (Station marine d'Endoume), que je remer
de ici pour m' avoir confie 1 'etude des Spadelles capturees dans deux des pieges 
( 1 specimen dans un des pieges depose au milieu de la grotte et 8 dans un autre, 
l 'extremite d 'un boy au obscur). 

1.- Description de Spadella ledoyeri n.sp. (fig.l) 

La longueur to tale du corps (LT) va de 4,8 a 6,6rnrn e;: le segment caud~l. :ep~e
sente SO a 53,4% de LT. La tete porte 10 a II crochets hsses, dont la mo1t1e dls
tale est recourbee 3 a 5 dents anterieures longi.tes, fines et recourbees, la plus 
longue etant la 2e~e a partir de 1 I axe du COrps, et 3 dentS posterieureS p~U~ COur
teS. Chez 3 specimens s 'observe aussi une den't is alee devant ~es d~n;:s anter1eures · 
Les or ganes vestibulaires portent quelques courtes dents a pe~ne VlS~bles. Les yeu:o, 
situes aux 2/5 posterieurs de la tete, ant une grande tache p1gmenta1re rectangulal
re. La couronne ciliaire, circulaire, constitu€:e par deux anneaux de cellules, est 
situee sur la face dorsale du cou. Il n 'y a pas de diverticules intestinaux. 

La collerette, bien developpee au niveau du cou, s I etrecit a haute';'r du ganglion 
nerveux ventral et descend jusqu'a 1 'extremite du corps; elle est garn1e de nombreux 
boutons sensoriels dont la plupart sont termines par des soies • 

Les muscles longitudinaux sont mains epais que chez Spadella cephaloptera. La 
musculature transversale latero-ventrale du corps s 'etend sur la totalite du tronc · 
Le ganglion ventral est relativement peu important, representant 30% de la longueur 
du tronc. Les nageoires laterales, epaisses, sent courtes: elles d€:butent a':~ ni veau 
du septum transversal et s 'arretent a la moitie du segment caudal; La nageo1re. :au
dale est bien developpee et en forme de spatule. Toutes les nageo1res sont entlere
ment recouvertes de rayons et garnies de boutons sensoriels. 

Aucun des specimens n'est mfi.r. Les ovaires, visibles chez I'un d'eux, con~ien
nent de petits ovules. Les spermatozoides sont rep art is sur une bande perpendlcu
laire au septum caudal, d 'epaisseur moindre que celle des champs later~ux. Chez 
1 'holotype• on peut observer les vesicules seminales dont 1 'une est blen develop
pee: elle e~t ovale et s'ouvre par une fente postero-laterale, limitee a l'avant. 
par une. petite protuberance. Les vesicules sont bien separees a la fois des nageol
res later ales et caudale disposition unique dans le genre, puisque deux especes 
seulement ant les vesicuies legerement separees. so it des nageoires laterales (Spa
della brad.shabli Bieri, 1974), soit de la caudale (S.hwnmelinaki Alvarino, 1970). 

2.- Remarques ecologiques 

SpadeUa ledoyeri semble infeodee aux grottes obscures puisqu'elle n'a jamais 
ete trouvee dans les eaux neritiques de ]a region marseillaise, dont tous les sub
strats ant pourtant ete bien etudies' et oil n I a ete signalee que s. aephaZoptera 
(Furnestin et Brunet, 1965). Le fond de ces grottes est caracterise par 1 'obscurite, 
un grand calme du point de vue hydrodynamique et la pauvrete des peuplements (Ledoy
er, 1968); or, a ces trois parametres essentiels de son biotope, paraissent corres
pondre trois adaptations de 1 1 espece : 
- le grand developpement de la tache pigmentaire des yeux, en raison de la luminosite 
tres reduite ou nulle regnant a 1 'interieur des grottes; on sait, en effet, que chez 
les Chaetognathes evoluant dans la zone photique, les exemplaires d 'une meme espece 
ant une tache pigmentaire plus grande la nuit que le jour (Ducret, 1977); 
- la reduction des nageoires laterales par comparaison aux aut res especes du genre, 
en rapport peut-etre avec 1' attenuation, voire 1 'absence, de perturbations hydrolo
giques (vagues et boule) au fond des grottes; 
- l' attirance que cette espece manifesterait pour les cadavres animaux, des moules 
ecrasees ici, puisque 8 specimens ant penetre par le goulot d'une bouteille consti
tuant le piege. Les proies etant plus rares dans les grottes qu 'en pleine mer, ce 
Chaetognathe pourrait avoir un comportement alimentaire diversifie, a la fois preda
teur et necrophage, pour tirer au mieux parti des ressources qui lui sont offertes 
dans le milieu tres selectif des grottes. L' experimentation en laboratoire apport era 
rapidement une reponse a ce probleme. 

La biocoenose des grottes sous-marines obscures est constituee par un fonds 
d 'especes a repartition debordant plus ou mains ce biotope auxquelles s 'ajoutent 
quelques especes qui lui sont propres, comme le Mysidace Hemimysis spelunaoZa Le
doyer' ]963 t qui ne quitterait qUI accidentellement leS grotteS, meme la nui t, et 
Spadella ledoyeri, dont le comportement est tres vraisemblablement identique. 
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b 

Fig. 1 .- Spadella ledoyeri n. sp.: vue dar
sale (a) et vesicule sentinale droite en 
vue later ale (b). NC et NL = nageoires 
caudale et later ale, Sp = sperrnatozoides. 

• Depose, avec les para types,. au Museum national d 'Histoire naturelle (Paris) sous 
les n° UB57l et UBS72, respectivement. 
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LE CHENAL DE CARONTE : VOlE DE TRANSIT 

POUR LES FAUNES PELAG!QJES MARINES ET SAUMATRES 

R. GAUDY 

Centre d I oceanologie de Marseille, Faculte des Sciences de Luminy I 
Marseille (France) 

Le zooplancton de l' Etang de Berre, vaste etendue saumiitre de pres 
de 15 500 ha au NW de Marseille est caracterise par une abondance tres 
superieure a celle des regions marines adj acentes et par sa pauvrete 
specifique as sortie a la dominance d' une seule espece de copE:pode, ~ 
t:onsa (GAUDY et VINAS, 1985). 
~-L' etang conununique avec la mer (Golfe de Fos) par un chenal de 6 km et 
9 m de profondeur, ou la courantologie (ARFI, conununication personnelle) se 
signale par des alternances de courants entrants et sortants (0,4 rn/s en 
rnoyenne), en fonction principalement du cycle des marees. Cette inversion 
est tres nette en surface, avec une predominance du debit des courants 
sortants. surtout au printernps. Par centre, au fond, la fr€.quence des 
courants entrants est la plus €:levee. La salinite oscille reguliBrement en 
surface entre 7 et 30°/oo tandis qu'au fond, elle est de 26-28°/oo avec des 
abaissements rythmiques temporaires. Le bilan hydrologique global est en 
faveur d'une predominance du debit sortant (5 a 6 fois superieur au debit 
entrant), du fait de 1' alimentation plus ou mains constante de 1' Etang en 
eaux douces. L' eau marine qui penetre par le fond du chenal s' etale ensuite 
en profondeur dans le sud de 1' e. tang, en 11 coin sale" de type estuarien. 

La faune zooplanctonique a ete etudiee, d'une part dans l'etang au 
cours de sorties regulieres, d' autre part dans le Golfe de Fos, dans dif
ferents travaux anterieurs (BENON et al. 1977). Nous analysons ici plus 
particulierement les resultats obtenus dans 3 stations (A, B, C) situees a 
l'entree, (cote Golfe de Fos), au milieu et au debouche du chenal et dans 
une station de l' etang, proche du debouche du chenal (D), a partir de 
prelevements dans toute la colonne d' eau destines a 1' ichtyoplancton et qui 
m' ont ete aimablement communiques par Melle LE DIVANACH. Le rnaillage du 
filet IOSN utilise (500 urn) ne permet done pas la capture des larves et des 
petites especes rnais donne un apercu correct de la faune adulte. 

Quantitativement, le nombre d' individus decroit considerablement a 
partir de Berre. Qualitativement. nous avons separe plusieurs especes ou 
groupes d'especes: Acartia tonsa (forme dominante de l'Etang), ~ et 
les nauplii de cirri pedes, touj ours frequents et abondants dans le fond du 
Golfe de Fos, un groupe M d'especes a affinite neritique marine (~ 
helgolandicus, ~~ Paracalanus parvus, Calocalanus spp. 1 Clausocalanus 
.2J2.E..:.., Centropages typicus, Isias clavipes 1 Ternora stylifera, Oi thona S£U. , 
Onychocorycaeus giesbrechti, Urocorycaeus lautus, Eut:erpina acutifrons, 
Evadne spinifera, E. tergestina, Podon polyphernoides 1 Penilia avirostris 
Sagitta setosa., Oikopleura longicauda) ou oceaniques (Euchaeta marina. 
Heterorhabdus papilliger, Candacia pachydactyla), enfin, un groupe "D" A 
affinite d' eaux deuces ou dessalees (Calanipeda aguaedulcis et un Cyclopide 
indetermine). Par ail leurs, quelques especes de milieux portuaires ou 
pollues se retrouvent episodiquement dans differentes stations (~ 
~~ A. italica, A. margalefi, A. grani, Tisbe sp.). Le tableau suivant 
indique les pourcentages de ces differentes categorie, a l' exception de la 
dernie.re, trop peu representee. 

On constate que · Acartia tonsa domine (sauf en septembre ou les 
cirripedes foisonnent) avec en general un gradient declinant a partir de 
l'etang. - ~est absent ou faiblement represente vers Berre, mais 
peut presenter parfois une abondance relative plus grande au milieu du 
chenal qu' a son entree. - Les especes du groupe "M" declinent rapidement a 
partir de l' entree marine du chenal. - Gelles du groupe D n' atteignent une 
certaine expansion qu' en mai, a un moment ell la salinite de l' etang et du 
chenal est la plus basse de 1' annee. Nos peches regulieres a Berre 
indiquent que certains erganismes du groupe M peuvent se rencontrer en 
profondeur, dans le "coin sale", apparemment en bon etat de vitalite 
(Acartia clausi, Oithona spp., Paracalanus parvus, Euterpina acutifrons, 
Podon polyphemol.des). Il est neanmoins probable que leur survie soit liee a 
la persistance du coin sale et done a la stabilite hydrologique, remise en 
cause frequenunent par le brassage des vents. En contre partie, ~ 
~ n'a jamais ete signale dans le Golfe de Fos dont la salinite plus 
elevee et le caractere eutrophique moins marque ne doivent pas convenir a 
l' espBce. La preponderance des courants sortants a certainement un impact 
non negligeable sur la production secondaire de l' espece qui doit etre 
regulee a un niveau suffisant pour contrebalancer la perte permanente de 
biomasse resultant de ce phenomene. 

References : 

Benon P., Bourgade B. et R. Kant in, 1977 These 3eme cycle, Aix-Marseille II 
Gaudy R. et M. Vinas, 1985 Rapp. Conun. int. Mer Medit. 29 (9) : 227·229 

Abondance (%) Salinite ( 
0

/ o o) 

Stations A D D 

24/07/85 Aeartia tonsa 48,9 69,2 88 '9 7,5 7,9 Surf. 
Aeartia e lausi 17,3 6,8 0 

36,9 9,6 Fond 
N. Cirripedes 2,2 0 0 
Groupe M 25,6 24,3 11,1 

25/09/85 Acartia tonsa 11,1 36,2 19,3 22,7 s 
Acartia e lausi o, 7 0,9 

35,2 30,3 F 
N. Ciloripedes 81 ,3 50,8 
Groupe M 13,1 12,1 

03/10/85 Acartia tonsa 28,1 46,3 60,9 21,5 20,3 s 
Aeartia e Zausi 40,4 36,8 0 

34,2 21 ,6 F 
N. 12,3 8,6 24 
Groupe 14,2 7, 7 11 ,3 
Groupe D 0 0 1 ,4 

26/11/85 Aeartia tonsa 64,2 73,1 92,7 13,2 12,4 s 
Acartia c Lausi 6,2 25,4 4,8 

27,2 16,4 F 
N. Cirripedes 0, 7 0 1,1 
Groupe M 27,8 1 ,5 2,0 

05/03/86 Acartia tonsa 68,0 93,3 88,4 6,5 11 ,9 s 
Aeartia e lausi 1 ,3 3,9 2,0 

29,9 12,3 F 
N. Cirripedes 4,6 2,1 2,5 
Groupe M 24,2 3,1 7,3 
Groupe D 0 0,5 0 

30/05/86 Aeartia tonsa 59,7 95,0 2,9 6,6 s 
Acartia clausi 0 0 

2,8 7,9 F 
N. Cirripedes 29,8 0,2 
Groupe M 9,3 0, 7 
Gmupe D 0,4 3,8 
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P-III7 
OBSERVATIONS SUR ACARTIA CLAUS!, (ENTROPAGES PONTICUS 

ET ASPECTS GENERAUX DU ZOOPLANCTON DU PORT DE MAl-oN EN 1980 ET 1981 
Javier JANSA 

Centro Oceanografico de Baleares, Muelle de Pelaires s/n, 
Palma de Mallorca, Baleares (Espana) 

Sur la base des donees obtenues sur des echantillons preleves a peupres 
mensuellernent dans le port de Mahon en 1980 et 1981, on a pu observer <durant 
quelques mois de 1981) une remarquable proliferation zooplanctonique. Le 
phEmomene a affect€ differents groupes du zooplancton: copepodes, cladoceres et 
appendiculaires. Chez les copepodes, la proliferation fut specialment importante 
seulement dans deux especes: Acartia clausi et Centropages ponticus. La premiere 
espece a montre des concentrations tres eleves avec un maximum au mois de mai 
C1981l (fig. 1l. Durant ce mois, le zooplancton est constitue en majorite par A. 
clausi; C 'est cette espece qui est responsable de la forte valeur de la biomase 
observee dans la partie la plus externe du port <plus de 90 mg m-3). L 'indice 
de Shannon pour la communaute des copepodes est de 0 .5. 

Les augmentations zooplanctoniques observees peuvent etre mises en rapport 
principalment avec la presence plus ou mains prolongee de conditions trophiques 
appropiees. Bien que la concentration en chlorophylle ne soie pas un parametre 
totalment determinant pour expliquer ces phenomenes, il faut remarquer 1' 
apparition d' importantes concentrations avant la proliferation zooplanctonique. 

Pour les deux principales especes de copepodes deja citees on a compare la 
variation temporelle des densitees <ln nQ m-3) avec la variation de la 
proportion de femelles par rapport a la totalite des adultes. Dans le cas de c. 
ponticus on a trouve un frequent antiparallelisme entre les deux series de 
parametres. Dans le cas d 'A. clausi le phenomene est mains evident <figs. 2 et 
3). Des antiparallelismes semblables ant ete decrits pour C. ponticus dans la 
Mar Menor <Garcia, 1985) et pour A. italica <Alcaraz et \iacensberg, 1978). Avant 
d' obtenir les grandes densites d' individus on a observe des valeurs 
relativement bases de la proportion sexuelle. La chute de la proportion de 
femelles implique un augmentation de la tecondite <Alcaraz et \iacensberg, 1978 , 
dans le cas d' A. cltwsD . 

Ces observations permettent d · avancer que les grandes densites que nous 
avons observe resulteraient d'un processus biologique (croissance et 
reproduction en relation avec des conditions trophiques favorables). 

BIBLIOGRAPHIE 
Alcaraz Jo!. ,Wacensberg K. 1978- Analisis de series temporales: proporci6n 

sexual y densidad de poblaciones en copepodos. Inv. Pesq. 42 Cll 155-165 
Garcia M. 1985- Contribuci6n al conocimiento de la biologia de Centropages 

ponticus Karavaev <copepoda, calanoida). Bol. Inst. Esp. Ocean. Vol 2 num 2 47-52 
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FIG 2 

Fig. 1: Variation temporelle des densites (nQ ind. m-3) d. Acartia clausi <B,--
-) et de Centropages ponticus <A,----). BN: Partie interieure du port; IR: Partie 

centrale; EC: Partie exterieure. 
Fig. 2: A. clausi. Variation temporelle des densites <ln n2 ind. m-3), <A,-----) 
et de la proportion sexuelle <?>"· q CB, -- ) 
Fig. 3: C. ponticus. Variation temporelle des densites <ln nQ ind. m-3), <A,---

-) et de la proportion sexuelle c?'; ~ <B, -- ) 
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P-Ills 
LES CoRYCAEIDAE (CoPEPODA, (YCLOPOIDEA) DU SECTEUR LIBANAIS 

ET DES EAUX LEVANTINES : Ca>IPOSITION ET DISTRIBUTION 

Sami LAKKIS et Raymonde ZEIDANE 

Faculte des Sciences, Universite Libanaise, Hadeth, Beyrouth .(Liban) 
et Centre de Recherches Marines/CNRSL, B.P. 123, Jounieh (Liban) 

Une etude faunistique et ecologique a ete effectuee sur la 
famille des Corycaeidae des eaux cotieres libanaises (Mediterranee Orien
tale). Les donnees sont basees sur 1' analyse d 'un grand nombre d' echantillons 
recoltes tous les mois entre 1970 et 1982, en plusieurs stations fixes au 
voisinage et au large de la cote au moyen d 'un filet WP2. 

Cette famille est representee par II especes qui ont fait 1 'ob-
jet d 'une etude taxonomique. Ce sont, par ordre decroissant d 'abondance : 

- Farranula rostrata, - c. clausi, 
- Corycaeus brehmi, -C. latus, 
- C. typicus, - c.-rraccus, 
- c. giesbrechti, - C. limbatus, 
- C. oval is, - C. furcife. 
-~s, 

Corycaeus minimus indicus qui est signale pour la premiere 
fois en Mediterranee est decrit;une redescription du male a ete faite. Les 
variations saisonnieres en abondance des Corycaeidae montrent un maximum 
entre mars et juin, le pic de densite etant legerement different entre les 
stations et selon les especes dominantes. La distribution spatiale montre une 
certaine affini te eupelagique sub superficielle chez la majori te des especes. 

Ce groupe de Copepodes du secteur libanais appartient a la faune 
planctonique mediterraneenne et atlantique temperee. Une certaine affinite 
subtropicale pour quelques especes est toutefois observee du fait de la mi
gration indo-pacifique en Medi terranee orientale de quelques formes par les 
eaux du canal de Suez. Le cas de C. minimus indicus en est un tres evident. 

P-III9 
EVOLUTION SAISONNIERE DU ZOOPLANCTON, 

DANS LES EAUX DU LARGE DE LA MER NoiRE 

Adriana PETRAN' 

Institut Roumain de Recherches Marines, Constantza (Roumanie) 

Ayant dej~ d~crit dans une note preliminaire la structure des populations zooplanc

toniques des eaux du large de lamer Noire (~),nous pr~sentons ici les resultats des etudes 

quantitatives, les variations saisonnieres des densites et biomasses zooplanctoniques en

registrees dans cette region en 1981 et 1982. 

Les dix stations explorees entre 70 et 500 m de profondeur, ont permis d' etudier 

la distribution des organismes jusqu' aux horizons profonds, 1la limite de la vie pela

gique en mer Noire. Nous avons analy:S~ un total de 374 peches verticales pr6lev~es ~ 

differents niveaux, pendant huit campagnes realisees aux mois de fevries, mai, l'out et 

novembre. 

Pour les deux cycles annuels on a signale d' importantes variations saisonni1res 

d' abondance du zooplancton en general et aussi de proportion numeriques et ponderales 

des differents groupes ou esp~ces zooplanctoniques. 

Durant la saison hivernale, le copepode Calanus helgolandicus est !'element le 

plus important de la biomasse trophique (90%); il occupe toute la couche des 100 premiers 

m~tres, avec les plus grandes densites jusqu'a 25m. Pour les stations situees au sud du 

littoral, ses biomasses ont depasse dix fois celles enregistrees dans la zone situe ~ 30 

milles de la cote. 

Pour les deux annees, le maximum d' abondance du zooplancton a lieu au prin

temps (mai). En surface, ou les biomasses sont les plus elevees, c' est Noctiluca miliaris 

qui augmente ces valeurs, I' esp~ce ayant ses plus fortes densites dans les eaux c'Otieres. 

Les copepodes representent le groupe dominant dans la biomasse trophique(plus 

de 98%). On trouve maintenant Acartia clausi surtout dans les couches superficielles et 

Pseudocalanus elongatus, Paracalanus parvus, Oithona similis dans les horizons profonds. 

En ce qui concerne Galan us helgolandicus, c' est au mois de mai qu' on a trouve les popu

lations les plus abondantes jusqu' a 150m de profondeur. Le systeme zooplanctonique est 

enrichi aussi par un developpement important de larves planctoniques - des velig;,res de 

Bivalves et nectochetes de Polychetes. 

Durant la saison estivale, les biomasses des eaux du large ont marque une diminu

tion accentuee comparativement au printemps. Elles sont aussi inferieures a celles de 

l'ecosysteme c'Otier. Quantitativement, les Cladoceres depassent les Copepodes du point 

de vue des biomasses, avec dominance de 1 t espece Penilia avirostris, seulement jusqu' ~ 

25m. La seconde composante de la communaute, moins importante en biomasse,mais plus 

diversifi~e pendant l' ete et avec des especes tres rares dans l' ecosysteme c'Otier' est 

toujours 'k base de Copepodes domines par Oithona nana. Dans les horizons plus profonds, 

jusqu' 'k 150m de profondeur, on trouve Calanus helgolandicus. 

Au mois de novembre (1981 et 1982), les quantites de zooplancton des niveaux su

perficiels ont ete plus elevees qu'en ete et constituees par les copepodes Oithona nana, 

Pseudocalanus elongatus et Calanus helgolandicus qu' on a recolte jusqu' a niveau 175-
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150m. 

Les m4'roplanctontes, representes en novembre par les veligeres de Bivalves, 

sont des composantes comparativement plus importantes dans les communautes de la haute 

mer que dans celles de la zone cotiere o'u les floraisons de l' ete ont determine des marta

lites parmi les Bivalves. 

Les valeurs moyennes des densites D (exprimees en nombre d' exemplaires;m
3 

d'eau filtree) et des biomasses zooplanctoniques B (mg de poids humide/m
3

)des eaux du 

large sont presentees dans le tableau suivant: 
===================================================================== 

Prof on-
Fevrier Mai Aout Novembre 

deur(m) l2 B D B u 6 u 6 

.!..2__!Ll 
10-0 9467 317,4 31741 2113,9 5736 118,7 5119 263,7 
25-10 2728 152,5 5082 367,8 4558 232,7 2162 82,7 
50-25 639 49,6 1926 157,9 1276 68,7 379 14,3 
75-50 2781 298,9 652 .if0,6 146 7,2 
100-75 752 242,9 333 20,1 120 8,6 
125-100 31 12,4 97 17,2 1553 24,3 
150-125 143 132,8 43 2,8 85 10,2 
175-150 61 21 '3 15 1, 3 
200-175 19 0,9 

1 9 8 2 
10-0 1338 117,4 33304 26oz;s- 4984 71 '5 14712 540,7 
25-10 1077 140,9 3637 266,9 2896 119' 5 3600 113,7 
50-25 428 39,4 1193 158,7 925 44,3 1595 68,5 
75-50 286 41,3 331 33,4 67 10,1 210 4,2 
100-75 179 23,8 281 27,8 67 12,9 274 12,9 
125-100 282 72,4 7 0,2 178 36,1 
150-125 0,8 41 1 ,5 48 0,5 
175-150 0,4 48 1 ,6 
========================================================:;;::====================== 

Il est bien evident que, dans les eaux du large le zooplancton a montre au cours 

des deux annees considerees, des biomasses importantes jusqu' a 100 m. Pour la colo nne 

d' eau des 50 premiers metres les valeurs son plus elevees que celles du secteur c~tier 

:,. l' exception de 1' ete, notamment quand on observe dans ce secteur des pousses d' Acar

tia clausi et Noctiluca miliaris. 

References bibliographiques 
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CO'lPARAI&lN ENTRE LE ZOOPLANCTON DE LA MER ROUGE 

(GOLFE D'fuwJA, JORDANIE) ET CEWI DE MErliTERRANtE 

(NOTE DE Blo-GtCXJRAPHIE) 

Gerard SEGUIN 

Laboratoire de Biologie et d'Ecologie Marines, 
28 avenue de Valrose, Nice (France) 

Ayant E!tudi€. 98 pr€.1Elvements de Plancton r€coltE!s dans le golfe d 1 Aqaba, nous 
avons pu en €tablir une liste faunistique, non exhaustive bien sUr, mais qui 
nous donne deja un aper~u de la composition du zooplancton de cette aire 
marine (SEGUIN, G. 1984). Il nous a paru inte.ressant de faire une comparaison 
avec la mer M€diterran€.e sud occidentale, d'autant que ces deux mers ne sont 
se.par€es que par le canal de Suez, en dehors du detroit de Gibraltar bien 
entendu. A premiere vue, il devrait sembler que la faune pelagique de la mer 
Rouge soit assez diff€.rente de celle de la M€.diterranee, or il semble bien 
evident qu'en dehors de quelques especes typiquement caract€ristiques de la 
mer Rouge et de l'ocean Indien, la grande majorite des formes rencontr€.es 
est commune aux deux mers. 

Comparaison faunistique : 
1. M€duses. Sur 7 especes d'hydromeduses et 1 de Scyphozoaires, toutes 

"SSi:l'ECCmmunes aux deux mers. 
2. Siphonophores. 8 especes ont e.te d€termin€es, une seule : Chelophyes 
~ ne se rencontre pas en Mediterranee, c 1 est une espece essentiel
lement tropicale, signal€e dans le golfe de Guin€e et l'ocean Indien. 

3. Chaetognathes. Sur 4 especes rencontr€es, deux sont tropicales : Sagitta 
enflata f gardineri et Sagitta pacifica qui est signa lee dans 1 'ocean 
Indien. 

4. Mollusques. Sur 10 especes d€.termin€.es a Aqaba, deux formes sont tropi
cales et ne se rencontrent pas en Mediterranee : Desmopterus papilip 
est tres rare en M€.diterranee oti cette espece n'a ete signalee que deux 
foist quant a Limacina bulimoides elle y est aussi tr€.s rare et a ete 
r€.colt€e plusieurs fois en Mediterranee sud occidentale, notamment dans 
les secteurs soumis a !'influence atlantique. 
s.~. 

~/ Copepodes : Sur 42 especes determin€es a Aqaba, toutes se 
retrouvent en M€diterranee sauf Undinula vulgaris et Calanus pauper "' 
qui sent deux esp€.ces caracteristiques des mers tropicales. Citons 
aussi le cas de Calanus tenuicornis qui ne semble pas jusqu'alors avoir 
ete mentionne dans 1 *ocean Indien ni la mer Rouge. 

b/ Autres Crustaces et larves : CladocS:res : Evadne tergestina 
est commun aux deux mers. Larves de Crust aces : Sur 76 formes larvaires 
d€.termin€es par SERIDJI, R., 6 larves sont communes a la M€diterran€e 
et la mer Rouge, ce sont : Leptochela aculeocaudata qui existe unique
ment en M€diterran€e orientale (Alexandrie) et mer Rouge, Brachycarpus 
biunguiculatus qui est pan tropicale et circumtropicale, Alpheus andouini 
qui est commune en M€.diterran€e orientale et mer Rouge, Dardanus arrosor 
qui est pr€sente dans toute la M€diterran€e et la mer Rouge, Diogenes 
pugilator {Diogenes sp. ?) aussi pr€sente dans toute la Mediterran€e et 
la mer Rouge et Myra fugax commune aux deux mers. 

6. Appendiculaires : Sur 10 especes d€termin€es, deux n'ont jamais ete 
rencontr€es en M€.diterran€e et sont sp€cifiques a 1 'oc€.an Indien et la 
mer Rouge, il s'agit de Megalocercus huxleyi et Oikopleura fusiformis 
f. cornutogastra. 

7. Salpid€.s : Sur 4 especes d€.terminC.es a Aqaba, l'une d'elles ; Ritteriella 
amboinensis n'a pas ete rencontree en M€diterran€.e orientale. Quant 
aux autres especes : Brooksia rostrata ne semble pas exister en 
Mediterranee quoique deux captures en Adriatique (1912-1913) semblent 
inexplicables et seraient probablement dues selon GODEAUX, J. (1985) a 
une contamination en Mediterran€e via le detroit de Gibraltar, car cette 
espece parvient a la latitude des A~ores. Les deux derni€:res especes : 
Thalia circar et Thalia rhomboides qui existent dans le golfe d'Aqaba, 
sent par centre totalement absentes en M€diterran€e. 

8. Doliliolides : Les 2 esp€:ces rencontrees a Aqaba : Doliolum denticulatum 
et Doliolina mulleri sont par centre communes aux deux mers. 

Conclusion : Cette €tude comparative nous montre que la majorit€ des 
especes planctoniques semblent ubiquistes et sont aussi bien presentes 
dans les mers temperees et tropicales a l'€chelle du globe, sauf bien 
entendu certaines formes qui sont seulement tropicales et que 1 'on ne 
rencontre jamais dans les mers temp€r€es comme la M€diterranee aU le 
principal apport de formes d' origine tropicale semble se fa ire par le 
d€troit de Gibraltar,. exception faite pour les larves de Crustacea 
d€capodes au seulement 6 larves sur 76 sont communes a la M€:diterranee 
et a la mer Rouge et a 1 'ocean Indien. 
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DISTINCTIVE CoPEPODS OF THE ZOOPLANKTON OF (UU£RA J3Ay (EASTERN SPAIN) 

E~ SOLER 0
, J.G. DEL RI0°, M.A. RADUAN° 0 and C. BLANC0° 0 

o Laboratorio de Puertos, ETSICCP, Universitad Politecnica, Valencia 
(Espana) 

o o Departamento de Zoologia, Facul tad de Ciencias Biologicas, Valencia 
(Espana) 

Zooplankton of' Cullera Bay was sampled for 9 months from 13-4-·83 
t:o 28-3-84. Samples were collected during the day at 18 superficial st~ 
tions, distributed along the beaches and open sea, and 5 horizontal 
trawl ings, carried out in open sea between 5-8 m. depth. A 16 1. Van
Dorn bottles and a WP-2 net of 0'200 mm. me~h were used respectively. 
We obtained the number of' individuals perm wit:h the bottles and the 
number of' individuals per trawling with the net ( 6). 

Copepod community was dominated by adults and copepodi tes of' fi
ve species: Paracalanus parvus, Centropages kroyeri ponticus, Acartia 
clausii, Oi thona helgolandica and Euterpina. acutif'rons. These species 
represented the 65' 6% of' the total of' copepods collected in the open 
sea stations, the 55' 6% in the beaches and the 82' 2% in the ho:<>izon tal 
trawlings. Copepodi tes Acartiidae were specially numercuses and they d£ 
minated tr.e community almost all the year (6). 

We found also a lot of' species, usually poorly represented, 
which were characteristics of' an area or season with appropiate environ 
mentai features. Some cf' these species have been considered as zooplank 
tonic indicators by many au tors. Although that is a cri tized def'ini tii-;;-n 
with dif'f'icul t interpretation when it is applied to isolated species, 
a group of' community of' some of' these indicator spaecies can reflect 
more accurately environmental changes ( 3, 4). 

We have choosen three groups of' these distinctive copepods from 
the copepod community of' Cull era Bay: 

1.- Distinctive species of eutrophiced waters: Acartia discauda
~andA. bif'ilosa (3), A. margalefi (1), A. josephinae (2), Paracartia 
grani and P. latisetosa (5). Excepting A. bif'ilosa, all of' them are ve
ry common in nearly all the harbours, bays and eutrophiced neritic 
systems in western Mediterranean Sea. 

They were very abundants in Cullera, mainly in the beaches, whe
re they reached the 10% of' the total of' copepods collected; near the rl:_ 
vermouth they were numerouses too. Maximum concentrations were regist~ 
red between July and August, coinciding with the stratification of' the 
water column. There were also high densities in Novembre ans January 
due to the irregularity of' the f'i toplanktonic blooms. 

2.- Distinctive species of' clean waters: Calanus helgolandicus 
(4), Cen·cropages typicus and Farranula rostrata. These are usual species 
of' neritic zooplankton, but they are mostly associated with clean and 
transparent waters. 

'l'hey were very scarces in Cullera and were caught in autumm and 
winter. Only two individuals of C. typicus appeared in May. These spe
cies were most abundants at outside and central areas, and only F. ros
trata was found once in P .1, an external beach. We collected at the 
trawlings higher accounts of' individuals than at the stations. 

3.- Distinctive species of' deeper and external waters: Mecinoce
ra clausi, Calocalanus plumulosus, C. styliremis, C. pavo, Ctenocalanus 
~· Acartia danae, Oncaea conif'era, 0. dentipes, Corycaeus lautus 
and Farranulc. carinata. Excepting 0. dentipes and F. carinata, these 
are characteristic neritic species usuallu found between 15 and 100 
depth which prefer cold waters. These species can reach the beaches 
when temperature drops in winter. 

As de above group, the species of' that community were very scar
ces in Cull era and showed similar spatial and temporal distributions. 

The distributions of' the trhee communities reflect two of' the 
most important environmental features of' the bay: 

.- There are high eutrophication levels that are higher during 
summer. The surroundings of' the river, northern beaches and San Lorenzo 
irrigation ditch are the most polluted areas. 

.- The influence of' cleaner and deeper external waters is most 
intense between Novembre and March, specially at outside and central 
areas. 
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SUCCESSION DES DIFFERENTS GROUPES DU ZOOPLANCTON SUR LES COTES CATAlANES 

AU COURS D'UN CYCLE ANNUEL : JUILLET 82-JUILLET 1983 
F. VIVES 

Institute de Ciencias del Mar, Paseo Nacional s/n, Barcelona (Espana) 

REsuME. Le recensement d 1 individus des differents groupes du zooplancton par es
peces, a ete effectue sur des echantillons recueillis mensuellement. Ces valeurs 
exprimees par leur contenu en carbone, nous permettent d 'observer les fluctuations 
de la biomasse des dif ferents groupes zoologiques tout au long de 1 'annee. 

De m§me, ont ~te etudie'es les variations subites par la biamasse des differents 
groupes trophiques du zooplancton, non seulement dans la cornmunaute meme, mais aussi 
par rapport A la biomasse du phytoplancton (exprimee en chlorophylle "a") en obser
vant les plus importantes ~riodes durant lesquelles ant lieu de fortes competitions. 

INTRODUcriON. Dans le projet "Ecosyst~me pelagique et benthonique des c6tes catala
nes11, a ete men~e A terme l 1 etude du cycle annuel du zooplancton de nos cOtes, de
puis juillet 82 jusqu 'A juillet 83. 

Six stations situ~es sur deux radiales A la cOte et entre 50 et 1100 m de pro
fondeur ont ete €:tudi€:es avec une p€riodicit€ d 'un IIK>is aproximativement. Mises A 
part les donnees hydrographyques de routine, des evaluations de biomasse et de pro
duction pri.maire ant ete effectuees,. en plus de diverses peches de zooplancton (ver
ticales, par paliers, horizontales et obliques). Actuellement,. divers travaux €:co
logiques sur cette cominunaute sent en cours de realisation, et comme etude prealable, 
nous avons effectue d:r-t-f"erEmts calculs afin d 'obtenir une estimation generale de la 
biomasse des differents groupes d 'animaux planctoniques, au cours d 'un cycle annual. 
A cet effet, des comptages par especes ant ~t~ r~alises sur les diff€:rents groupes 
zoologiques les plus importants; toutes les valeurs sont explim~es en nombre d 1 in
dividus par 100 m3 d 'eau. 

RESULTATS (fig, 1 et 2). Une analyse rapide des valeurs nous indique que les cope
pedes constituent la grande masse des individus, dont les quantites depassent par
fois 90 % de la population planctonique animale, alors que dans d'autres periodes, 
elle n 1 atteint pas la moiti€: de celle-ci (43% en juin). Ce~ndant 1 'existence de 
diverses tailles dans le zooplancton ne permet aucune comparaison en termes de hie
masse. Ceci nous am~ne A considerer les biomasses moyennes de chaque groupe en ques
tion, afin de souligner comment les resultats numeriques sent notablement modifies. 
Pour cela, nous avons etabli diverses comparaisons, la plus acceptable etant celle 
qui fait r~f€:rence au contenu en carbone. Parmi les donnees bihliographiques dont 
nous disposions, nous avons opt€: pour celles de LONGHURST (1985) exposees dans le 
tableau I. 
Tableau I. Valeurs moyennes relatives des tailles exprimees en carbone organique, 
les copepodes etant pris comme unite. 
M€Jduses 4,97 Cladoc~res, 0,10 Mysidaces, 11,80 Appendiculaires, 0.06 
Sipltonophores7,89 Ostracodes, 1,71 Euphausiac~s,27,02 Salpides, 2,78 
Chaetognathes3 ,49 Cop~podes, 1 ,00 Decapodes, 9,12 Doliolides, 0,04 
Polych~tes 2,70 Amphipodes,12,47 Pteropodes, 3,08 

En utilisant les facteurs relatifs pour chacun des grands groupes nous avons cal
cui~ les biomasses relatives par rapport aux copepodes que nous prenons comme uni
te exprimee en carbone. 
La comparaison des figures 1 et 2 nous indique que les co~podes representent enco
re le groupe le plus important mais avec des valeurs sensiblement plus basses~ Les 
appendiculaires et les cladoc~res ant ete r~duits lt leur plus simple expression, tan
dis que d'autres groupes (meduses, siphonophores et sourtout euphausiaces) acqui~
rent des valeurs reellement significatives. L •etude de la sequence annuelle nous 
m..>ntre les fluctuations subies par les differents groupes .. ~insi les copepodes domi
nant pendant la seconde moitie de l'annee; par centre, d~s fevrier, leur nombre se 
reduitf.Iraduellement alors que d 'autres groupes (gelatineux en general) atteignent 
leurs 'maximuns annuels. Autrement dit, pendant la ¢riode de production primaire et 
sp€:cialement dans la zone euphotique du plateau continental a lieu une forte compe-
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Fig.. 1.- Distribution annuelle des 
groupes les plus impvrtants du zoo
plancton{chiffre moyen d'individus 
en pour cent). 

Fig~ 2~- Equivalences relatives en 
carbone, cop€podes pris comme uni
t~ (en pour cent). 

( 1 =Copepodes; 2=Appendiculaires; 3=Cladod~res; 4=Radiolaires; 5=Salpes + Dolio
lides; 6=Chaetognathes; 7=Siphonophores + Meduses; 8=Autres crustacees: a)Os
tracodes; b) Mysidac~s; c) Amphipodes; d) Euphausiaces; e)becapodes; 9=Mollus
ques + Echinodermes; 10= Autres groupes). 

titian au cours de laquelle, les copepodes sembleraient notablement diminuer au be
nefice de zooplancton gelatineux de regime herbivore. 

GROUPES TROPHIQUES~ Il serait interessant aussi de re grouper les divers ensembles 
animaux comme 1•a fait LONGHURST (1985) selon leurs exigences alimentaires .. Ainsi 
nous distinguons 6 categories: Herbivores macrofiltreurs, Herbivores getatineux, Om
nivores, oetritivores, Carnivores pr~dateurs et Carnivores gelatineux .. 

L'analyse de la figure 3 indique que les carnivores predateurs sont relativement 
abondants fin ete-debut automne, avec plus de 30 % de la population totale. Au fur 
et A mesure qu 1 avance 1 'automne, et en raison de 1' appauvrissement des populations 
de chaetognathes, les omnivores abondent et A leur tour ne laissent pas progresser 
les herbivores macrofiltreurs (dont 1 'augmentation depasse 5 %) ; quand, fin novembre
debut d~cembre, on enregistre (tard, cette ann~e) les maximums de phytoplancton, le 
groupe <fhex:bi vores macrofiltreurs atteint son maximum annuel. Nous n 'avons pas ob
serve A ce moment lA des herbivores ni des carnivores gelatineux •. Comme on pouvait 
le prevoir, A ce maximum succ~de, vers la mi-fe:vrier, une augmentation des omnivores 
qui figurent aussi, bien que plus faihlement, avec les pr~dateurs~ Mais ce qui de
meure le plus notable du cycle se d€roule au milieu du printemps au moment des pou
ssees phytoplanctoniques. A cette ~riode nous ne trouvons pas une dominance totale 
d•herbivores macrofiltreurs comme on pouvait le pr€voir, mais un developpement pra
tiquement parall~le du zqoplancton ge.latineu~ (herbivores et carnivores:salpes et 
m€duses) qui d4termine de drcistiques reductions du phytoplancton et ne laisse done 
pas progresser les herbivores macrofiltreurs et facultatifs. A ce moment ... lA les her
bivores macrofiltreUrs n 'atteignent pas 30 \ de la population et pendant la premi~re 
moitie. de l 'ete, ils arrivent A peine A 25 % au benefice des omnivores qui voient 
augmenter leur biomasse pour atteindre 50% de la valeur totale de celle-ci. 

Fig. 3.- Distribution annuelle des principaux 
groupes trophiques du zooplancton sur les c6-
tes de Catalogne (valeurs relatives exprimees 
en carbone). 
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DIEL VARIABILITY IN THE FEEDING OF CoPEPODS IN THE HAY OF MALAGA 

CNW ALBORAN SEA) 
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Departamento de Ecologia, Facultad de Ciencias, 
Universidad de Malaga, Malaga (Espana) 

Filter :feeding by copepods in upper euphotic waters plays an important 

role in the :flow o:f energy in the pelagic ecosystem through aggregation o:f the 

particles removed from seawater in sinking fecal pellets. This results in accelerated 

vertical transport of materials and a reduction in the nutrient pool. Because of 

this, studies in feeding ecology are continuously stimulated. 

The objectives o:f this study are to investigate diel periodicities in 

the :feeding o:f grazer copepods and the :factor controlling them, as well as to esti

mate the rates o:f grazing as a way to :formulate a chlorophyll budget in the coastal 

waters o:f the Bay o:f Malaga. 

To evaluate such a short term feeding rythm in situ, we have measured 

changes in the gut contents o:f copepods by means o:f :fluorimetric methods (Mackas 

& Bohrer, 1976). Chlorophyll and its degradation products are used as natural tracers 

because of its conservative nature, but only feeding on particles containing such 

pigments will be considered~ This measure, corrected for background levels, indicates 

the amount of pigments recently ingested and it can be used to estimate grazing rates 

once the evacuation rate of food from the gut is known. 

Samples were taken every three hours during a 24 h. period in the summer 

1985; at dusk, samples were taken every hal:f an hour. From an Acartia-dominated 

community, fifty individuals were pick-out for the fluorimetric analysis .. The unit 

used is "chlorophyll equivalent", assuming that all phaeopigments are phaeophorbide 

and that grazers convert chlorophyll to phaeophorbide with 100% molar e:f:ficiency 

(Shuman & Lorenzen, 1975). 

Results show a clear variation in the level o:f gut content through the 

24-h period (:figure 1) . The pattern is unimodal with continuously increasing values 

since a morning minimum (0.1 ng "chl.eq.".ind-
1

) up to a maximum at dusk (2.0 ng 

"chl. eq. ". ind-l) . 

Fig:.1 
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Fig~ 2 

This variation could be 

explained by a continuously :feeding 

in a patchy :food environment or by 

changes in feeding activity. The correct 

explanation request the knowledge o:f 

:food availability at each moment (:fig.2) . 

Total chlorophyll concentrations in 

the water shows a diel rvthm too, with 

the maximum at the late afternoon, some

time be:fore the maximum gut :fullness • 

Values evolved between 5.0 and 

8.0 pg.l-l phaeopigments always sur-

passed 30% o:f total chlorophyll concen

trations. Although variability in gut 

:fullness is much greater than in total 

chlorophyll concentration in the water 1 

there is a good exponential agreement 

between them (r=0.93). This relation 

is very nearly the same when we use 

active chlorophyll only; this could 

be related to selective capability :for 

live cells or detri tical material. In 

addition, the agreement is much better 

when we use the chlorophyll concentra-

tions at some previous time .. 

Our results Show a defined periodicity in filtration and ingestion rates, 

closedly linked to the gut :fullness. Both o:f them were estimated once known the tem

perature dependent instantaneous evacuation rate (ng pigment. ind-l )~1.69 e -0.03t(min) 

r~0.80). Daily volume swept clear was 3.8 ml.ind-
1

.day-
1

; copepods daily ration was 

27.5 ng "chl eq" .ind-
1

.day -l. Assuming a carbon:chlorophyll ratio around 45, copepod 

ingestion would represent approximately 1.2 pgC.ind-1 .day-l 

According ,to this information, the observed patterns seem to result from 

a de:fined :feeding behaviour rather than :from a continuous :feeding in a patchy :food 

environment .. 
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SYSTEME PLANCTONIQUE DANS UNE ZONE POLLUEE DE BEYROUTH 

STRUCTURE ET FONCTJONN8'1ENT 

Sami LAKKIS et Raymonde ZEIDANE 

Faculte des Sciences, Universite Libanaise, Hadeth, Beyrouth {Liban) 
et centre de Recherches Marines/CNRSL, B.P. 123, Jounieh (Liban) 

~· Les impacts de la pol::.ution globaJ.e sur lea communautes 

planctoniques du port de Beyrouth,de la Baie de St Geor

ges,nord de la ville,ont ete etudies sur une periode de 15 mois 

entre 1984 et 1985. Des prelevements planctoniques et hydrologiques 

mensuels ont ete effectues dans une eau c8tiere fortement polluee 

( pollution organique, industrielle; urbaine et portuaire) ainsi que 

dans une zone propre de reference. Lea conditions hydrologiques:sa

linite,temperature,turbidite, oxygene dissous, phosphates et nitrates 

sont fortement affectees par les agents de pollution; des fluctuations 

brusques et importantes sont observees. Le peuplement planctonique 

( Phyto et Zooplancton) est caracterise par une densite relativement 

faible et une diversite specifique basse contrairement aux zones de 

contr8le ou le developpement et le cycle annuel sont normaux. Par 

contre, la composition taxonomique ne montre pas une difference signi

ficative entre les deux zones etudiees. Une certaine perturbation 

dans les variations eaisonnieres est notee dans les aires a forte 

pollution ou le "timing" des densites maximales et minimales est 

different de celui observe dans les eaux non polluees, ce qui refle

te une certaine modification ecologique du milieu soumis a une pollu

tion permanente. Plusieurs especes, de par leur distribution diff&

rentielle, peuvent @tre considerees comme des formes opportunistes 

et d'autres indicatrices de quelques zones polluees. 

P-1Il15 
NJVEAU DE DEvELOPPEMENT ru ZOOPLANCTON DANS LES EAUX ROlX'IAINES 

DE LA MER NoiRE PENDANT LA PERIODE 197Q-1984 
Florica PORUMB 

Institut Roumain de Recherches Marines, Constantza (Roumanie} 

Le materiel d 1 ettJ<c.e (1870 prises), a ete recueilli mensuellement entre 1970-1984, 

dans les eaux du littoral roumain de la mer Noire, des horizons 10-0, 25-1 0, 50-25, 

75-50 et 100-75 m de profondeur. 

Pour caracteriser le niveau de developpement de la communaute on a choisi comme 

critere les valeurs moyennes des biomasses de la periode consideree. Les resultats ob

tenus et leur comparaison avec ceux des autres zones du bassin pontique (!,), nous ont 

permis de mettre en evidence le niveau atteint par le developpement du zooplancton, les 

tendances a long terme et les causes qui ant conduit a ce developpement. 

Pendant l 1 intervalle considere le zooplancton de la partie Ouest de la mer Noire 

est compose d I un ensemble d I espE>ees' dont la biomasse moyenne est egale a 1 '4 g/m 3 • 

Cette valeur est trois fois plus grande que celle des eaux (0-1 00 m) de 11 Est ciu bassin 

(Tableau 1 ). 
Tableau 1 

Biomasses moyennes (mg;m3) du zooplancton, dans lamer Noire,(0-100 m_) __ _ 

======================================================= 
Ouest (1970-1984) Est (1960-1981) 

Organismes Moi:enne Hiver Printemes fte Automne Moyenne 

Noctlluca mlliaris 1278,2 954,5 365,2 2138,7 1304,3 219,0 

Ctenophores 30,0 4J,3 41 '5 22,7 9,8 109,0 

Chaetognates 5,0 6,0 1 '3 3,0 8, 5 12,0 

Cop6podes, dent: 52,1 24,4 21,0 94,6 61,9 60,0 

Acartia clausi 41,5 10,7 12,1 84,5 51' 7 

Cladoceres 15,0 4,2 33,9 21 ,6 10,0 

Meroplancton 6,9 1,8 4,6 10,8 8,6 

Varia 4,7 1,1 9,9 2,9 4,5 1,0 

Tot a 1 1391 ,9 1031,2 447,7 2306,6 1419,4 411 ,o 

Les donnees indlquent la tendance constante vers une croissance progressive des 

valeurs des biomasses annuelles zooplanctonlques durant la 8-eme decennie (de 86 a 502 

mg/m 
3

), pendant 1a peri ode 1970-1978, une accentuation marquee de cette croissance (de 

1,1 a 8, 7 g/m
3

) en 1979-1980 et 1982-1983 et une decroissance de la biomasse (0,8 g;m3) 

en 1983-1984 (~). 

Du point de vue quantitatif, le maximum est atteint par la communaute en ete, le 

minimum au printemps. 

La croissance excessive du stock de phytoplancton et de detritus organiques des 

1972, consecutive~ la pulssante eutrophlsation de la partie Nord-Ouest de 1a mer Noire, 

a conduit a un developpement quantitatif inegal des especes. Noctlluca miliaris s I est de

velopp~ en quantites innombrables. 11 a presente pendant les mois d 1 ete des annees 1980-

1983 de vraies phenomenes de "floraison". No us remarquerons que les eaux mains ferti

lisees de la moitie Est ont abrite une biomasse six fois plus faible pour cette espece, que 

celle trouvee a 1 I Ouest du bassin. 

Des concentrations croissantes, toutefois sensiblement egales dans les deux zones 

ont ete trouvees pour 1es Copepodes. Mais, si devant le littoral roumain elles sont dues 

'a Acartia clausi (80% cte la biomasse du groupe sont donnes par cette espece), a 11 Est 

c 1.est Calanus helgolandlcus et Pseudocalanus elongatus qui ant detenu ce role. Les es

p'eces predatrices, telles que Pleurobrachia pileus et Sagitta setosa ont ete representees 

dans nos eaux par une biomasse totale trois fois plus redulte que celle de la partie Est 

du bassin. Enfin, les Cladoceres, les Rotlf~res et les Appendlculaires ont eu une impor

tance mod~ree, ou meme modeste. 

Ces donnees demontrent done la richesse en zooplancton des eaux sltuees au-des

sus du plata!Ucontinental de la zone Ouest, comparativement'a celles de la partie Est de 

lamer Noire. Le taux i:le participation des especes dans la biomasse indlque que Noctilu

ca miliaris et Acar~ sont parmi les plus tolerantes aux conditions de milieu eu

trophe de 11 Ouest de lamer Noire. Dans la moitie Est ou la phase de fertilisation des 

eaux est a son debu;, bien que 11 espece preponderante de 1a communaute solt aussi Noc

tlluca, son developpement quantitatif y est mains significatif. A celle-ci s 1 ajoutent les 

predateurs, dont la biomasse moyenne multiannuelle ne de passe pas la moitle de la prec6-

dente esp'ece-. 
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EUTROPHICATION EFFECTS ON THE (OPEPOD CCM>lUNITY OF THE EASTERN ADRIATIC COAST 

Dubravka REGNER 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The investigations and control of coastal sea quality were carried out 

from 1976 to 1985, with purpose to collect the data about ecological situation 

from Zadar to Dubrovnik (Gruz) by permanent monitoring of physical, chemical and 

b i o 1 og i ca 1 parameters. 

This paper gives some results about copepods -dominant net zooplankton 

group of organisms. 

The material was collected on seasonal basis, during ten-years period, at 

stations in front of Zadar, Sibenik, Split, Kardeljevo and Dubrovnik (Gruz) 

harbours (Fig. 1). 

Fig.l. The study area 

The samples were taken by vertical hauls of"Hensen"plankton net (73/IOO,N°3). 

From the results obtained for separate areas we could not find any changes 

in qualitative composition of copepods. Neritic species prevailed at all investi

gated stations with periodical appearance of some pelagic copepods in proportion 

with system of currents in the Adriatic Sea. 

lnspite that the ratio between species of copepods is roughly desturbed 

with unusual high percentage of the copepod Acartia clausi - up to 80% of the 

total copepod number (Tab.l). 

Tab.l. The percentage of Acartia clausi at the investigated area 

Stations: Acartia clausi 

Zadar 15 % (November) to 70 % (Ju I y) 

5 i beni k 16 % (November) to 60 % (July) 

Sp I it 10 % (November) to 55 % (May) 

Karde 1 jevo 16 % (November) to 70 % (July) 

Dubrovnik - Gruz 25 % (August) to 80 % (July) 

Through long-term period, the total copepod number varied at all stations 

with the highest difference between maximal and minimal values (D) at Zadar, 

Sibenik and Kardeljevo stations Tab.Z. 

Tab. 2. The difference (D) between maximal and minimal values 
of copepod number at the investigated area 

Stations: 

Zadar 416 

S i beni k 335 

Split 148 

Karde ljevo 302 

Dubrovn i k 298 

Furthermore, it was found that besides spring and autumnal maxima, the 

summer maximum of copepod number appeared at all stations. This summer maximum 

is not usual for the temperate climatic zone to which Adriatic belongs. It is 

obviously a sign of eutrophication, especialy in shallow, close coastal areas in 

front of larger harbours along the eastern Adriatic coast. 

The long-term data show that the maximal value of diversity index (d) 

was found in front of Dubrovnik (Gruz) (Tab.3). The lowest values., were found at 

stations Kardeljevo and Sibenik, where during last three years diversity index 

decreased considerably. 

Tab. 3. The diversity index d at the investigated s.tations 

1976-77 1977-781978-79197:9-80 1980-8! 1981-82 1982-83 !98J-8!j 1984-850 

4.97 4.95 4.:94 5.4) 5.59 3.91 3.91 ).48 1.98 

~~ beni k 5.58 4.93 4.7! 5'.45 3.!! 3.78 3.73 2.86 

Spl1t 5.64 s.oa 6.)2 4,64 5.06 5.47 2.84 <.83 4.61 3.48 

Kar-deljcvo 4.93 S.32 5.41 5.44 5.)4 5.10 2.48 J,IS 1.99 3.45 

Oubrovnik. 
6.22 6.79 5.<9 6.12 5.9) q.6S 4.37 3.52 3.27 {Gruf) 

Also the high difference between maximal and minimal diversity indices 

(D) is another confirmation of stronger lend impact on the copepod community 

of this sha 11 ow coas ta I areas. On the basis of these resu its, we can cone 1 ude 

that the eutrophication caused some visible changes on the copepods from the 

eastern Adriatic coast. 
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IMPACT DE LA POLLUTION SUR LE ZOOPLANCTON 

DU GOLFE T HERM!'Il KOS (MER EGEL HELLAS) 

I. SIOKOU-FRANGOU et K. AKEPSIMAIDES 

Centre National de Recherches Marines, Hellinikon, Athenes (Grece) 

Introduction 

Le golfe Thermaikos, situl' au NW de la mer Eg~e, est peu profond (max. 40m) et 

semi-ferrre. Il re(;oit au nord les rejets urbains et industriels d'une grande ville 

( Thessa 1 on i ki ) et dans 1 'ouest, 1 es eaux de quatre fl euves, vecteurs d' une char-

ge polluante domestique, agrico1e et industrielle. 

Materi e 1 et methodes 

Des donnees sur les parametres physiques, chimiques et biologiques on t'te recu

eillies en Decembre 1984, en Mai et Septembre 1985. Des ~chantillons de zooplancton 

on ete recoltes sur un reseau de dix stations couvrant 1 'ensemble du golfe; it 1 'aide 

-d'un filet WP-2, tirE! a trait double-oblique, du fond de lamer ala surface. 

Resultats et discussion 

La distribution de la densite du zoop1ancton a ete differente pendant ces trois 

oo is. En Decembre, 1 e nombre des zoop l anctontes/m3 est en moyenne d i x foi s plus 

grand au nord du golfe que dans les parties sud et est. En Mai une homogeneite 

de la distribution du zooplancton a ete observee, tandis qu'en Septembre, seule la 

station toute proche de Thessaloniki, s 'est diffE!renciE!e par sa dens it!:' zooplancto

nique. 

La composition du zooplancton s!est revell:'e tres differencil:'e entre la rl:'gion nord 

(influenct!!e par les rejets de la ville) et la region sud-est (entree des eaux de la 

mer Egee). Plu3 precisement, la partie nord du golfe a present~ un peuplement <1 fai

ble diversite specifique, oQ dominaient des especes tolerantes a la pollution comme: 

Acartia clausi, Oithona nana, Oithona helgolandica, Evadne tergestina, Podon polyphe

moides et Penilia avirostris. Elles sont accompagnees par des especes ooins toll:'ran

tes comme Paracala:nus parvus, Oithona pZumifera, Oikoplewa dioica, ainsi que des lar

ves meroplanctoniques (larves des polychetes, des cirripedes, des mollusques et d' 

echinodermes). Par cantre les Dolioles et les Chaetognathes semblent ne pas subsister 

dans un milieu si perturb!!. L'effet de la pollution est plus frappant lorsqu 'on 

tient compte de la composition du peuplement zooplanctonique a la partie sud et est 

du golfe. Ce peuplement est caracterisP. par une plus grande diversite specifique, 

ayant en a bondance des especes non-to li'!rantes a l a po 11 uti on comme Evadne spinifera 

et Clausocalanus fwcatus ainsi que des esp~ces tolerantes (A. clausi, P. avirostris, 

E. tergestina). 

Des peuplements r~agissant d'une maniere semblable a la pollution ont ete deja 

observes par Benon (1979) dans le golfe de Fos, EPOPEM (1979) pour la calanque de 

Cortiou, par.Moraitou-Apostolopoulou et Kiortsis {1976) et par Papathanassiou et al. 

(1985) dans le golfe Saronikos. 
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zooPLANKTON CCM'VNITIES oF GERAs GuLF (LEsvos IsLAND-GREECE) 

RELATION TO ENVIROI'l4ENTAL CONDITIONS 

G. VERRIOPOULOS, M. MORAITOU-APOSTOLOPOULOU and M. PASPATIS 

Zoological Laboratory, University of Athens, Athens (Greece) 

Among the greek sea areas where environmental conditions seem to exert a stress on 

marine biota is the gulf of Geras in Lesvos(Mitilini) island at the north-east part 

of Aegean Sea.An important decrease of populations of commercial important anj_mals 

(e.g.lamellibranchs)has recently been reported there. 

The purpose of this stydy was to assess the state of zooplanktonic cormnunities of 

this gulf and evaluate the impact of environmental factors on them. 

There are two main gulr's in Lesvos island the _J2;U1f or Kallonis and the gulf of Ge

ras. The gulf of Geras is a small (about 50Km2) and shallow (20m) semienclosed area 

communicating with the open Aegean Sea via a shallow channel. About 40% of the total 

population of the gulf lives in villages in the major area of the gulf most of them 

culturing olive trees.Along the coasts there are numerous summer resorts,small har

bours,a small river ,,cold and hot water springs. Apart from domestic sewage from the 

surrounding the gulf villages the discharges of olive press and marble factories are 

also deversed in the gulf. An important source of pollution seem to be a big tannery 

discharging large quantities of, mairily organic and rich in chromium wastes daily. 

Furthermore the agriculture of the area around the gulf adds important amounts of fe

rtilizers and pesticides. 

The zooplankton sampling was performed by horizontal hauls using a WP2 net(221)J1equi

ped by a T.S.K. flowmeter. Simultaneous measurements of temper3.tture and salinity 

were also realized. Ten collection Stations were established in the gulf. For compa

rative purposes we have also collected plankton samples from two stations of the 

neighbouring Kallonis gulf which is characterized by similar geographical conditions. 

The two gulfs were visited three times: a) August 1983,b) December 1983 and c) April 

1984. The various plankton groups were characterized as a whole and the main copepod 

specied were also recorded. Quantitative estimations of zooplankton were obtained 

as: a) number of individuals/m~- b) wet weight,c)dry weight and d)organic matter con

tents (ash free content). 

~esults In all sampling periods the measured values of temperature are the usual 

for the area and present a rather uniform distribution in the various stations. 

Great variations in the measured values of salinity between the various sampling sta

tions have been noticed in the samplings of September and December. 

Both gulfs but especially the Geras gulf are generally characterized by high bio

mass values compared with the stations of Aegean Sea. In some stations of the inner 

gulf numbers higher than 5.000 indtm3 have been noticed. The stations of the channel 

present low, but higher than those outside the gulf biomass values-. The plankton num

bers of the stations near the tannery are low. The high biomass values of the inner 

Geras gulf support the view that eutroph'i.c cond·ltions ocevaH .Ln most part of the 

inner gulf. Copepods the most important zooplankton group in our seas has an abso

lute dominance in the zooplankton communities of Geras gulL Other groups as the 

cladocerans which have been found to attain high biomass values in closed gulfs, 
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INFLUENCE DE LA MAILLE DU FILET SUR L'ESTIMATION 

DES POPULATIONS D' APPENDICULAIRES IN SITU 

R. FENAUX 

U.A. 716, Station Zoologique, C.E.R.O.V., Villefranche-sur-Mer (France) 

Two plancton nets with a different mesh size, WP2 = 200 Jlm and PHYTO = 53Jlm, have been 
used for 20 simultaneous vertical catches. The faunistic composition of the appendicularians is very 
close in the two nets, but the number of specimens caught by each net vary with a coefficient of 3.9 
in favor of the PHYTO net, which is recommended. 

Introduction 

Une serie de 20 peches planctoniques verticales" journalieres", de 75 metres a Ia surface, a ete 
pratiquee au cours du mois de juin. Chaque prelevement utilisait un filet double, l'un etait un WP2 
et !'autre, appele PHYTO, avait les memes caracteristiques mais un vide de maille de 53 Jlm au lieu 
de 200Jlm. Les prelevements ont ete effectues au point B, situe a !'entree de Ia rade de 
Villefranche, sur des fonds de 80 metres (Fenaux, 1963). Nous avons montre precedemment 
(Fenaux et Palazzoli, 1979) que sur Ia distance de 75 metres et en dehors des periodes de 
"blooms" du phytoplancton, le filet WP2 filtre environ 17,5 m3 et le PHYTO 12,5 m3 et que 
!'utilisation du filet PHYTO permet une meilleure approche de Ia population de l'appendiculaire 
Ojkopleura longjcauda (Vogt), 1854 ~ Nous etudierons, dans ce travail, !'influence du filet sur 
!'estimation quantitative et qualitative de Ia population totale des appendiculaires. 

Composition gyalitatiye 

Liste des especes recoltees : Ojkopleura albjcans, 0 cophocerca, Q....d.iQ_k;a, Q..Ju.sifQrrnis, 
0 graci!ojdes, 0 longjcauda, ~ Appendjculada sjC!Jia. Erjtmarja borealis jntermedja, 
E borealis samassj, E formjca tpberculata, E haplostoma, E pel!ucida typjca, E tene!la E yenysta, 
ainsi que E. aeguatorialis et F. messannensjs. 
Parmi ces 17 especes, 15 sont presentes dans les deux filets: les 7 especes d'oikopleures et 8 des 
1 0 especes de fritillaires. Entin, E messaoensjs presente dans le filet PHYTO est remplacee par E 
aegyatodalis dans le WP2. 

Cinq especes composent 95 % du nombre total des appendiculaires. Classees par ordre 
decroissant, ce sont dans le filet WP2 : 0 longjcauda, E borealjs samassi. .Q..1u.s.i!Qrrns. ~ et 
~ typica. Dans le filet PHYTO, Ia seule difference consiste dans !'inversion de l'ordre des 
deux premiers. 

Composition gyantitatiye 

Le nombre d'appendiculaires recolte au m3 pendant le mois de juin a varia, pour le WP2, de 4 a 
90 et pour le PHYTO de 20 a 221 (Figure). Les moyennes sont respectivement de 28 et 99. Le filet 
WP2 recolte done en moyenne 28 % du nombre d'appendiculaires captures par le filet Phyto. 

Les calculs du test G effectues sur les differents prelevements et leur somme, montrent que 
!'hypothese d'une proportion egale entre les nombres d'individus recottes par les deux filets est 
tres nettement rejettee pour !'ensemble des donnees, puisque G regroupes = 846,25 alors que 
Chi 2 0,05 [1]= 3.841. L'etude de chaque prelevement en particulier montre que pour deux d'entre 
eux seulement, te 12 et le 21 juin, !'hypothese d'une proportion 1 : 1 est acceptee. Pour le premier 
G = 0,745 et pour le second, G = 0,422 avec un Chi 2 egal au precedent. 

I'GIBRE D' APPENIJICULAFlESAU M3 
PAR PECHE DE 0 a 75 rn 

JUIN 
1978 

only occasionally became numerically important. From the other zoo planktonic groups 1 00 +--U-------IHHl~---U-·U-.,........n-1!1---1 

only protozoans have been found in large numbers in the inner gulf during September. 

Acartia c_lausi a neritic psychrophilic form which becomes particularly abundant in 

polluted areas was the dominant copepod species in the gulf. The numbers of _A~..!::_tia 

decreased at the south of the gulf and in Kallonis gulf. 

All six mediterranean cladocerans have been found in the gulf of Geras. Podon e_c1_y

_phemoide~ a form referred to abund in calm waters rich in organic detritus was the 

most abundant cladoceran of the inner Geras gulf. 

The high biomass values of the inner Geras gulf and the abundance of some pollution 

related species as Acartia clausi and Podom polyphemoides in the north part of the 

gulf indicate that the inner Geras gulf can be characterized as eutrophicated and 

polluted. These conditions must be mainly related to the agricultural activity 

around the coast of the gulL The Station near the pipelines of the tannery has low 

biomass values similar to the other stations of the channel. Furthermore the quali

tative analysis of the samples has not show significant differences in the composi

tion of the plankton between the area of the tannery and that of the other stations 

of the channel. 

Presence ("/o of the total 
zooplankton nambers) of 
the principal groups of 
plankton in the two gulfs 
during the three sampling 
periods. 
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Conclusions. 

L'estimation de Ia composition qualitative d'une population d'appendiculaires ~ ne semble 
pas etre influencee par le choix de l'un ou !'autre des filets, du moins avec les games de tailles 
existant chez les appendiculaires mediterraneens. II faut cependant exclure les especes de 
grandes tailles suivantes : Stegosoma magnum et Megalocercus abyssorum , qui sont toujours 
rares ainsi que Ojkopleura albicans qui est abondant seulement pendant Ia periode du "bloom" 
printanier. 

II en est tout autrement pour ce qui concerne le nombre des individus. Nous avons montre 
(Fenaux et Palazzoli 1979), qu'un coefficient K= 2,7, doit etre applique au nombre de~ 
kmak;.a.tJda recolte par le WP2 pour obtenir le nombre recolte par le PHYTO. Dans le cas present, K= 
2,9 pour !'ensemble des especes appartenant a Ia famille des Oikopleuridae alors que K= 4,6 pour 
!'ensemble des~. les jeunes fritillaires etant generalement plus grates et plus souples que 
les Oikopleures. Pour les appendiculaires totaux, K= 3,9. 

Ainsi, le filet WP2 n'est pas performant pour Ia recolte des appendiculaires en Mediterranee et 
l'emploi du PHYTO est a recommander 

Cet exemple montre que le filet bon a echantillonner tous les groupes n'existe pas. II taut choisir 
celui qui convient aux planctontes que l'on etudie. Pour les comparaisons entre differents groupes, 
il taut done utiliser les filets appropries pour chacun et ramenerles nombres au m3 filtre par les 
differents filets. Une autre attitude ne peut que fortement deformer !'estimation du r61e de chaque 
groupe planctonique dans l'ecosysteme pelagique. 
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LE SEX RATIO CHEZ L' APPENDICULAIRE 0IKOPLEURA DIOICA FoL 1872 

R. FENAUX, G. GORSKY et M. ETIENNE 

U.A. 716, Station Zoologique, C.E.R.O.V., Villefranche-sur-Mer (France) 

The sex ratio was estimated with the first generations (11 04 animals), obtained from 9 couples of 
the appendicularian ~ A G test showed that the hypothesis of a 1 : 1 sex ratio cannot be 
rejected, either on the progeny from each couple, or on the pool. 

lntrodyction 

Oikooleura dioica est Ia seule espece d'appendiculaires ou les sexes sont separes et done Ia 
seule pour laquelle Ia question du sex ratio peut se poser. 

Avant que les individus soient proche de Ia maturite • il est impossible de distinguer les sexes par 
examen des specimens irLillli2. m~me a l'aide d'un microscope stereoscopique. Or les exemplaires 
matures eclatent frequemment lors de leur recolte a l'aide d'un filet a plancton. C'est pourquoi il 
existe peu d'informations sur le sex ratio de cette espece. 

II y a quelques annees (Fenaux 1976), nous avions etudie le developpement et le cycle vital de 
~ et pour completer notre description des gonades, une determination du sex ratio nous a 
paru utile. Pour cela, des coupes seriees avaient ete effectuees, apres inclusion a Ia paraffine, sur 
les 177 exemplaires recoltes au cours d'une peche . Nous avions montre que !'hypothese d'egalite 
entre males et femelles se trouvait a l'interieur de l'intervalle de confiance du pourcentage des deux 
sexes, ce qui nous permettait de conclure que le pourcentage des males n'est pas 
significativement different de celui des femelles avec une probabilite de P = 0,05. 
Les elevages pratiquement continus que nous maintenons depuis quelques annees dans notre 
laboratoire (Fenaux et Gorsky 1979, 1985), nous ont permis de suivre de fac;ori detainee Ia premiere 
generation issue d'un couple et ainsi d'aborder Ia dynamique de Ia population de~ en 
elevage (Fenaux, Bedo et Gorsky 1986). Des essais de simulation du developpement des 
populations ont rendu necessaire une nouvelle etude destinee a tester Ia validite des resultats 
obtenus precedemment sur le sex ratio. 

Methodes 

Les premieres generations de neuf couples ont ate suivies a des temperatures variant entre 
17 et 21·c. Les individus etaient repiques quotidiennement dans une eau de mer renouvelee 
chaque jour et filtree sur une soie ayant 30 IJ1Tl de vide de maille. Ces elevages se sont deroules 
pendant les mois d'avril, mai et juin, sans que Ia quantile et Ia qualite de Ia nourriture ainsi fournie 
aient ate determinees. Ces experiences nous ont fourni tous les individus d'une generation qui 
parviennent a maturite complete et dont le sexe est alors determinable sans difficulte a l'oeil nu. 
L'emploi du test G avec test d'Mterogeneite nous a permis de tester !'hypothese de Ia proportion 
egale entre les males et les femelles dans les differentes experiences ainsi que dans leur somme et 
de verifier l'homogeneite entre les experiences.Le nombre des males et des femelles issus de 
chaque couple, ainsi que les resultats du test G, sont figures dans le tableau suivant. 

Btsyltats 

M F Tot. DOL. G 

1 32 33 65 O,Q15 ns. 
2 88 97 185 0,438 ns. 
3 47 56 103 0,787 ns. 
4 80 68 148 0,974 ns. 
5 98 72 70 3,992 • 
6 85 68 153 1,893 ns. 
7 47 54 101 0,486 ns. 
8 56 61 117 0,214 ns. 
9 31 31 62 0,000 ns. 

T 564 540 104 9 8,799 ns. 

Tests DOL. G 

Regroupes 1 0,521 ns. 
HtHerogeneite 8 8,277 ns. 

Cgn~lu&ll:ma 

Sur !'ensemble des donnees, les 9 experiences etant traitees comme une seule grande 
experience, !'hypothese d'une proportion egale 1 : 1 entre males et femelles est acceptee: 
(G regroupes = 0,521 < Chi2 0,05 [1] = 3,84). 

Pour chacune des experiences prises separement, !'hypothese de Ia proportion 1 : 1 est 
acceptee au niveau 0,05 pour 8 experiences sur 9; Pour !'experience 5, cette hypothese, rejetee 
au niveau 0,05, pourra ~tre acceptee au niveau 0,01. (G = 3,99 < Chi2 0,01 [1] = 6,63). 

Toutefois, cette experience ne remet pas en cause !'hypothese d'homogeneite entre les 
replicas; en effet G Mterogeneite = 8,277 avec 8 ddl < Chi2 0,05 [8] = 15,51. 

Nous pouvons done conclure que les differentes experiences effectuees sont homogenes 
entre elles, et que !'hypothese d'une proportion 1 : 1 entre males et femelles peut ~tre acceptee. 
Cette nouvelle approche confirme done les resultats obtenus par l'histologie en 1976. 
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UNE METHODE DE MAH•ITIEN EN SUSPENSION DES ORGANIS'IES ZOOPLANCTONIQUES FRAGILES 

G. GORSKY, R. FENAUX et I. PALAZZOLI 

U.A. 716, Station Zoologique, C.E.R.O.V., Villefranche-sur-Mer (France) 

Abstract 
A temperature gradient enhanced circulation is used in a special

ly designed culturing device to maintain in suspension and culture delica
te zooplankters. Two species of appendicularians were cultivated for seve
ral generations without the time consuming routine manipulations. 

Introduction 
Des etudes concernant la biologie (i.e. metabolisme, nutrition, 

etc.) necessitent une grande quantite d 1 animaux experimentaux en excellent 
etat physiologique. Le maintien en suspension de nombreux organismes planc
toniques est une condition indispensable a la reussite de leur culture. Les 
methodes de culture en laboratoire du zooplancton on ete decrites, dans le 
passe, par differents auteurs ( Paffenhofer 1973 ; Fenaux et Gorsky 1979, 
1985 ; Paffenhofer et Harris 1979, Yen 1982). Les systemes cnuramment utili
ses ne donnent pas entiere satisfaction pour certaines especes fragiles qui 
sedimentent a cause de leur poids ou sont endommagees par les turbulences 
crees par 1 1 aeration ou par des palettes rotatives immergees. I1 est done 
necessaire de creer dans un recipient, une circulation a la fois suffisa
ment puissante pour maintenir en suspension des organismes relativement 
grands et ega 1 ement depourvue de turbulences afi n d 1 evi ter des dommages aux 
organi smes fragi 1 es. 

Methodes 
--- Notre methode est basee sur un courant circulaire cree par la dif
ference des temperatures entre 1 a surface et l e fond du recipient de cul tu
re. La forme de ce dernier a ete etudiee pour faciliter la circulation 
d 1 eau. No us avons construit un bac de culture en pl exi glass de 160 1 it res 
(fig). Les panneaux avant et arriere ont une epaisseur de 1 em et la plaque 
courbee de 0.5 em. Les renforcements des parois laterales (a) sont en plexi
gl ass de 1 em d 1 epai sseur. Un reservoir de chauffage ferme (b) se trouve 
a 1 a base de 1 a partie i ncurvee du recipient. 

L 1 echauffement S 1 effectue dans un circuit ferme grace a un poly
stat et 1 a temperature d 1 echauffement depend de 1 a temperature ambi ante. 
Sur 1 a surface se trouve 1 e circuit de refroi di ssement, un serpenti n en 
verre ou en Ex anal, dans 1 eque 1 ci rcul e en circuit ferme 1 1 eau refroi die 
par un cryostat. Nous avons choisi le plexiglass comme materiau afin de fa
ciliter 1 1 observation des animaux. Nous avons utilise le present systeme 
pour cultiver deux especes d 1 appendicu1aires : Oikop'leu:m dioica et o.· Lon
gicauda. Pour suivre et chronometrer la circulation d 1 eau dans le recipient, 
nous avons utilise des logettes abandonnees, colorees en noir par l 1 encre 
de chine, et filmees par un systeme video portable. 

Resu1tats 
----rri nstabi 1 i te 
dynami que creee par 1 e 
gradient de temperature 
engendre 1a circula
tion avant que 1e gain 
ou 1 a perte en ca 1 ori es 
attei gne ce 1 ui de 1 a 
source. C1 est ainsi que 
pour une temperature 
ambi ante de 15°C ; avec 
un circuit d 1 echauffe
ment regle a 24°C et 
ce1ui de refroidisse
ment a 9°C, on obtient 
dans le recipient de 
cu 1 ture une temperature 
moyenne de 16 + 0.5°C. 

La vitesse de 
circulation permet a des 
1 ogettes de 0. 5 em de 
diametre d 1 achever un 
tour compl et en 6 min. 
Nous avons observe que 
des amas de 1 ogettes 
plus lourdes circulaient 

Ech : 1/10 

a 

p 1 us 1 entement et achevai ent 1 eur tour entre 10 et 14 min. Qui nze minutes 
apres 1 e debut de nos observations, 1 es 1 ogettes etai ent di stri buees de 
fa~ on homo gene dans 1 a co 1 onne d 1 eau. Nous avons culti ve des appendi cul ai
res par cette methode pendant p 1 us i eurs generations dans de 1 1 eau de mer 
filtree a 0.22 urn en leur apportant 1a nourriture sous forme de cultures 
a 1 gua 1 es concentrees. 

Cone 1 us ions 
e systeme pourra servir a la culture de differents organismes 

marins jusqu 1 a mai ntenant peu etudi es a cause de 1 eur fragil ite physique. 
En outre, 1 e grand vo 1 ume du mi 1 i eu d 1 e 1 ev age et 11 apport a 1 i mentai re so us 
forme concentree permettront d 1 eviter des mani pul ati ons quoti di ennes et 
fastidieuses. 
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In 1983, as a result of the regional concern regarding the 
recent occurrence of coastal aggregations of jellyfish, with special 
reference to Pelagia noctiluca UNEP launched a 'Project on 
Jellyfish in the Mediterranean'. The overall objective of this 
project is to assess the importance and implications of this 
phenomenon on fisheries, human health and recreation and to identify 
the possible causes with the aim to control or possibly minimize its 
negative effects <UNEP, 1984). 28 centres and national institutes 
are participating in this programme through 30 projects. The aim of 
the present paper is to review the more relevant data produced so 
far Most of the data referred to here, was presented in various 
progress project reports submitted to UNEP by January 1986. 

The monitoring of coastal aggregations of several jellyfish 
species with special reference to Pelagia noctiluca was 
undertaken by several institutes utilizing both systematic plankton 
sampling as well as the collection of sighting reports from 
volunteers (UNEP,1983). Moreover, a chronology of past occurrences 
was established-through a bibliographic search from several sources 
<Goy, 1984>. So far, the following characteristics of Pelagia 
aggregations were identified: The occurrence of coastal jellyfish 
'blooms' is not of recent origin and has been shown to occur since 
at least 200 years ago. The pattern of fluctuations in Pelagia 
populations is essentially that of abundance for several successive 
years, with little inter-year variations, followed by a period of 
absence or very low population densities. The recent occurrence of 
this phenomenon was first recorded in 1977 and reached maximum 
intensity and the largest geographical extent in 1980-1983 to 
include most of the French and Italian coastline, the central 
Mediterranean,the Adriatic and Greek waters. In 1985,large numbers 
of Pelagia were mostly reported from the Adriatic and there are 
indications that the geographical extent of the problem is 
decreasing. 

Field observations from the Adriatic made by Maley <Progress 
Report,1985> distinguished two types of aggregation of Pelagia, ie 
'passive' aggregations characterized by surface groups of randomly 
orientated individuals of limited mobility and •active' aggregations 
in which individual medusae were orientated in the same direction 
and swimming actively. Both types of aggregations were found in 
coastal as well as offshore waters in the Adriatic. The ecological 
significance of such observations is still being discussed. 

Laboratory studies indicate that both temperature 
<Rottini-Sandrini, 1982) and salinity <Catalano et at,> affects 
the motility of Pelagia. Maley <Progress report,1985) have shown 
that metabolic and excretory rates were significantly influenced by 
temperature. It has been argued that during the summer months, 
taking into account the food availability in the Adriatic, Pelagia 
would exhibit a negative index of energy budget. Other studies by 
the same author indicate that the caloric value of Pelagia is 
rather low (3.1 to 4.1 J mg-1 dry weight> but the high abundance and 
considerable biomass render this species a significant food energy 
source for possible predators. 

Temperature also greatly influences the rate of development of 
th1s spec1es, so that at 13.5°C the rate of early development is 
almost half that at 19°C <Avian,1984). At present, a number of 
laboratory and field investigations are in progress to elucidate the 
reproductive strategy of this species and the manner in which it may 
be affected by the prevalent environmental conditions in the 
Mediterranean. Other investigations on the cytological and 
biochemical aspects of the stinging mechanism of Pelagia are being 
undertaken. 

Several hypothesis have been proposed to account for this 
'Pelagia phenomenon'. These include localized increase in 
productivity due to eutrophication or pollution; changes in the 
populations of predators/competitors of Pelagia; major 
displacement of water masses to explain the appearance of Pelagia 
in new areas and major hydroclimatic changes which might influence 
natural population controlling factors normally normally acting in 
the field. Data resulting from this programme is being used to 
disprove or confirm such hypothesis as well as to assess the likely 
impact of this phenomenon on human health, recreation and other 
activities including fisheries. It is likely however that the most 
significant impact is in fact on the whole pelagic ecosystem. 
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Surrunary 

Mass appearances of the scyphozoan Pelagia noctiZuca in the Northerh adriatic 
Sea is related to the general current system of the Adriatic Sea and specific water 
movements in the northern Adriatic. Such specific water movement is corresponded 
to persistence of the species great accumulation in the northern zones. 

Since 1977, a number of public and scientific reports have pointed out the 
mass occurrences of the scyphozoan Pelagia noetiluea in different zones of the 
Mediterranean Sea, with special attention to the Maltese, Greek, French, Italian 
and Yugoslav coastal waters. While recently in the eastern and central Hediterra
nean waters a decrease of P. noetiluca is noted, in other regions, and in parti
cular in the Northern Adriatic Sea, the species is still present in larger quan
tities (UNEP, 1986). Knowing pelagic origin of the species and environmental cha
racteristics of the Northern Adriatic Sea, it was expected that the massive appea
rances of P. noetiluea would not persist over a long period of time. 

Analysis of 1984-85 monitoring data (Table I) shows the shift of P. noeti
Zuea from the southern Adriatic waters towards the northern zones. The same effect 
was noted in 1983 (Benovic, 1983). Mass occurrences of jellyfish in the southern 
zones approached the coast is noted only during the stronger S and SE winds. Cur
rent regime of the Atlr.iatic Sea in the cold seasons (Zore-Armanda, 1967, Fig. I) 
obviously supports the import of jellyfish swarms into the northern zones, as was 
suggested by Vucetic and Rotinni-Sandrini (1983). The specific northern Adriatic 
water movements, above the connecting line between Pula and Ravenna, act as a 
slightly separate system. The currents follow general circulation system, but 
transversal and circular flows (Fig. 2), supported by winds, keep in the water 
masses and P. noetiluea within the basin. Larger accumulations of jellyfish near 
Pula and Porec-Piran, is also confirmed by the existence of the specific current 
regime in the Northern Adriatic (Vucak, 1985). Obviously, such separate system 
in the Northern Adriatic is a kind of a "trap" for jellyfish and other jelly
plancton species. Causes of P. noctiluea disappearance from the Northern Adriatic 
may be due to two factors : to dying and the shift towards the middle and southern 
Adriatic when the current regime changes (Zore-Armanda, 1967). This conclusion 
supports the small number of P. noetiluea throughout the winter, spring and early 
sunnner in 1985 (Malej, pers. com.). Since environmental characteristics of the 
Northern Adriatic are not favourable for life and reproduction of P. noetiluea, 
we believe that the only possible cause of each year mass appearance of jellyfish 
and other similar plankton organisms, is an annual large input of specimens from 
the southern Adriatic zones. Magnitude of the phenomenon is due to the size of 
input into Adriatic Sea. Wind and current forces in southern and middle Adriatic 
can destroy the moving swarm and because of that the size of mass occurrences in 
the Northern Adriatic Sea. 

A forecast of a possible bloom of jellyfish in the Northern Adriatic would 
be possible by continuous mcnitoring in the Southern Adriatic in the regions of 
Budva, Dubrovnik and Korcula. 

Table 1. Moni taring data on maas appearance of Pelagia noctiluca in the Adriatic Sea 
during 1984 - 1985. Data origin from coastal guard and tourist authorities. 

Sudva Dubrovnik Hi jet Korcula Hvar 

1''84 
S.JO. 6.10. 7.10. 8.10. 
4.11. 6·!0.11. 13.11. 20.11. 
1'.11. 24-29.11 2S.II. 29-30.11 

J-3.12. 
198) 
23.03. 8·11.4. 5-6.5. B.S. 
I·B.OS. 29·30.4. 7-12.6. 16·20.5. 
8·10.6. l·l.S. 

21·23.5. 
26·29.5. 
15-22.6. 

15-20.8. 

Fig.l. General current systea in 
warwer seasons in the Adriatic 
Sea ( fraa Zore-Araands, 1967) 

Referenct.:. 

lir)e 

7-10.6. 

lOS!O) Pula Rovinj Porec Pi ran 

20.7.- 13·31.7. 25.7. 
·27.8. 

Sept. 1·2.9. 25. ~-
Oct 10.10. 

Fig.2. Specific water .avE!IIellta 
in the Northern Adriatic 
Sea (fr<DI Vueak,l985) 
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El1JDE DES MEDUSES EN MER ET AU l.ABORATOIRE 
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RESUNt:: collecte echanti1lons a etC faite dans le golfe de Saronique 

dans golfe d 'Amvrakikos. Les paramEtres physicochirniques ont ete mesures et 

unE; analy~;e qualitative et quantitative du mesoplancton a ete reaJ.isee. Les 

acides amine's, la repartition d~l'azote et les proteines selon Lowry d 1 Aurelia 

Efvalu€:;. Enf.in unc etude de l fultrastructure des meduses: 

systeme neuromusculaire, appareil explosif (Df:matocystes) et ge'nital a :f"u5 

r<2alis6e. 

Flusicurs travaux ont 6tC effectwfs dans les E'aux portuaires, biotopes 

pc .. :rt ic uliers rclativement pauvres du point de vue quantitatif et qualitat:i f 

aussi bien pour le plancton que pour le benthos A Pourtant des evclutions speci

fiques de certaines espEces sont mentionnees. Souvent Aurelia aurita se pn?sente 

comme une petite population locale surtout dans les eaux portuaires. Sa nour

riture prererCe consiste en organismes planctoniques. La glycine (acide amine) 

semble avoi:r des relations direct•2s so it avec la salinite, so it avec la tempe'ra-

tureA Pour ces raisons on a essaye de faire une approche globale qui nous 

permattra d' approfondir les di ffErents domaines de cette recherche. 

On a fait des prel0vements dans des biotopes differents. L'un tres pollw2 

par des effluents urbains (golfe Saronique, pres de Salamis), l 1 autre, en zone 

humide prote'gfe par la convention Ramsar, mains polluee (golfe Amvrakikos). 

On a me sure differents parametres environnementaux (temperature., oxygene 

dissous, salinit€., pH, phosphates et nitrates) et fait une analyse taxinomique 

du plancton avec une approche quantitative par station. 

On a etudie au, rr.-icroscope e1ectronique differentes regions de corps d' 

Aurelia aur_jg, pres des echancrures de l'ombrelle au niveau desquelles sont 

les organes des sens (rhopalies) et pres des glandes genitales. Sur la fig. I 

on voi t les corps cellulaires de deux cellules nerveuses biopolaires, un noyau 

( 1 ) et le nucleole ( 2), des vacuoles { 3), le reticulum granulifere bien dispose 

(h) et une synapse (5). Sur la fig. II on observe deux noyaux, deux spermatocytes 

du type I, des cellules adjacentes; HERTWING et MANFRED ( 1984) presentent 

exactement la meme image de spermatocystes I chez Hydract inia echinata Fleming,. 

1828. 

L' analyse chimique des spEcimens prealamblement lyophilis€s, comprenait 

evaluation des proteines selon Lowry (me"chode de GORSUCH et NORTON 1969) soit 48,8% 

du poids sec sans sels. 

La repartition de l'azote dans les cellules (DELANEY-".!~- 1975): N-soluble 

12,69o sur N tot~, N-soluble dans l'alcool 3,89o sur N tot., N-soluble dans l'ether 

alcoolique 0, 7 9o sur N tot., N insoluble dans 1 'alcool 74?-o sur N tot., residu acide 

nucleique 8, 9% sur N tot A 

L'analyse des acides a-minE-s a ete effectuee dans un auto-aminoanalyseur TECHNI

CON a pres hydrolyse avec l 'acide chlorydrique 6N dans une atmosphere d 'azote. Le 

profil etait bien equilibre. 

Fig. 1: Cellules nerveuses, noyau ( 1), nucleole ( 2), vacuoles ( 3), reticulum 

granuli ''2re ( 4), synapse ( 5), ( x25. 000). Fig. 2: Spermatocytes I, membranes cellulai

rPs ( 1), noyau ( 2), cellules adjacen-r·es ( 3), nematocyste heterotrichous microbasic 

eurytele en expansion, coupe verticale ( 4), ( x25 .000). 
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ECOSYSTEME PELAGIQUE : UNE REFLEXION SUR SON FONCTIONNEMENT 

A PARTIR DE L'ETuDE DES MEDUSES 
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La grande plastici te du cycle de vie des rru§duse::3 en fait un bon te::noin des rJodi

fica tions de l' environnement c;ui affectent l' eco:::yst8me pelagique. 

Ce cyole est soi t "m8tag£n8tique" avec un -:~tade benthique repr8sente par un hydra ire 

fix€ cui lib8re des medu~es p8lagiquest soit "hypog8n8tique" sans ~tade fixE .. 

Ainsi, la presence des rr.8duses dans le plancton n 1 a pas la m€me signification .. 

Dans le premier cas, les m€.duses resul tent d ~action favorisant la reproduction 

asexu€e par bourgeonnement d 'un organisme benthique,. dans le second cae elles 

effectuent tout leur cycle de vie en pleine eau. 

Quoit:u' il en soi t, elles correspondent toujours 8. la phase sexu8e: en fait, les 

m8duses sont des "gonades flottantesn suspendues a une cloche de g8latine assurant 

la nutrition, done la croissance et la maturation des 12:onades. 

L 1 8rnis~ion m9me des m8du3es par les hydra ires ept de§clench8e par les cu1tdi tions 

thermiques et sii les hydraires sont eurythermes, ils sont particulierement steno

thermes en ce qui concerne le bourgeonnement m8dusaire .. De nombreux calendriers 

planctoniques ant pu ~tre etablis montrant la succession des especes (Neppi et 

Stiasny 1913, Babnik 1948, Benovic 1976) avec une majorite d'Anthomeduses lorsque 

le gradient de temperature croi t, de Leptomeduses quand il decroi t, de Trachymeduses 

et de Nartomeduses dans les periodes de stabili te thermique d' ete avec Liriope._ 

tetraphylle., Aglaura t,emist_oma, Ril_o~!_onema ve_la~!':"'l et So1ll!':'I1<:J.ella bitentaculata, 

ou de stabilite thermique d 'hiver avec Persa inco1orata et So1missus a1bescens. 

Ces deux derni9res especes se rencontrent tout au long de l 'ann€e dans les eau.x 

intermediaires et profondes de 1a Medi terranee accompagnee,; d 'une petite Antho

meduse Euphy_sa aur~ta. Ceci montre que dans des conditions therrniques stables, 

1 'hydraire bourgeonne tres regulierement. 

L'effet de la temperature est encore illustre, en ete, lorsque s'etablit la ther

mocline: So1t"i_s_sus albescens est genee dans ses migrations verticales nyctheme

rales et s 'accumule juste en dessous de cette sorte de barriere biologique. 

D' autres parametres interviennent: la salini te dont la chute provo que le bour

geonnement de Sct:?lionema suvaense au printemps, 

la 1umiere dont la longueur d • onde determine la 

couleur des organismes: bleue en surface (Velelles), rouge au fond (Periph~lla) et 

les cycles lunaires dont la pleine lune declenche 1a liberation des meduses. 

les substances dissoutes, K, Na, ont une influ-

ence sur les contractions de 1' ombrelle, et certaines especes: Ra thkea octopunc~

~ et Aurelia aurita, vivent dans des milieux anoxiques (Beyer 1968). 

Enfin, les grands courants favorisent la dispersion des especes loin de leurs 1ieux 

d 'emission pour celles a grande longevite (Pand_ea, Leucka!tiara) ou celles qui 

possedent des meduses bourgeonnantes (!!.'ucheilota paradoxica, Liz_zia b_l_0!1d~_I'.a qui 

ont, pendant leur periode de reproduction asexuee, un comportement de type hypo

genetique en mer d • Alboran et au sud des Baleares). 

Les Meduses dans le reseau trophique 

Animaux carnivores, elles se si tuent au sommet du reseau trophique et leur presen

ce, leur densi te. leur croissance et leur reproduction revelent le potentiel de 

nourri ture disponible. 

L' analyse des con tenus stomacaux donne 1a diversi te de leur regime: copepodes, cla

doc€res, larves de crustac6s, chaetognathes 9 pt€ropodes, autres m€duses, salpes, 

oeufs et larves de poissons. Cet opportunisme leur est favorable mais necessite 

un ecosysteme deja evolue que l' on rencontre generalement a la fin du printemps 

ou dans des zones fonctionnant comme source d' enrichiseement: mer d 1 Alboran 

(:Uallot et al. 1986), peripherie ext erne du front liguro-proven<;al, thermocline, 

ou, en dehors de la M€diterranee, upwelling mauritanien, mer Baltique. 

Emises par des hydraires fixes, les m8duses font la liaison entre deux 8cosyst8mes 

benthos et plancton, dont le fonctionnement se fait a travers le flux de matiere 

organique. 

L~~ ~~dus·~-·~~~~~.col:-:~PY.?::r:'?_~~e~~n~_ p8lagi_que 

Le vaste programme engage pour l' etude des floraisons de la meduse Pelagia n<:>_c__t_~_:L]lca 

(UNEP 19C5, 1986) a montre l' importance des differents parametres, ils interviennent 

egale:nent dans la segregation spatiale et temporelle des differents stades du cycle. 

Cependant, ils ne suffisent pas 8. expliquer _ces pullulations monosp8cifiques qui 

e.:.: is tent chez certaines esp8ces de pyrosomes, sal pes et qui, en d 1 autres termes, 

n?velent une deviation de la chaine alimentaire vers le maillon gelatineux. 

Les m8duses, par leurs caract€ristiques morphologiques, leur abondance,. leur mode 

de nourri ture integrant tout le reseau trophique, leur taux de reproduction ont un 

rOle non negligeable et peuvent apparaitre co;nme un bon amplificateur de la dynami

que de l' ecosysteme p8lagique .. 
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Sti~ . .::::1y, G .. , 1913- Arb. zool. In~t .. Univ. :::-0: 
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AGGREGATIONS OF PELAGIA NOCTILUCA ((NIDARIA, ScYPHOZOA) 

AND THEIR ECOLOGICAL CONSEQUENCES 

Alenka MALEJ and Aleksander VUKOVIC 

Institute of Biology, University of Ljubljana, 
MRIC Piran, JLA 65, Piran (Yugoslavia) 

The process of grouping has been observed in benthic and pelagic animals belonging 

to several taxonomic phyla from Protozoa to Vertebrata; the factors that might 

be responsible for clumped distributions (physical or chemical parameters of the 

environment, behavioural reactions due to biological interactions) can vary greatly, 

as can also the behaviour of the grouping itself; and last, but not least, is the 

problem of adequate sampling, which can bias the results and thus affect definitions. 

In this paper, information on the distributional pattern of Pelaqia noctiluca, a 

semaeostome scyphomedusa, are presented and the term agc;r::-']ation is used to 

describe groupings of this species. The results are based on observations of free

swimming, undisturbed animals from the shore, boats and using SCUBA diving. The 

observations were carried out in the nearshore and offshore waters of the eastern 

Adriatic Sea during 1983, 1984 and 1985. 

Our observations on Pelagia revealed that this species displays two types of groupings: 

( 1) surface, nearly two-dimensional aggregations composed of more or less passive 

organisms with their bells touching or even superimposed on each other, which we 

term passive aggregation; (2) actively swimming animals forming subsurface 

groupings that we define as active aggregations, which had two common patterns. In 

nearshore areas and/or in the absence of evident currents the individuals swam 

actively, but were oriented ramdomly. Spacing between individuals ranged from few 

em to a few m without an observable rule. The aggregations had variable shapes, most 

frequently ellipsoidal, becoming less dense at the edges. They were up to 15 m deep 

and up to a few miles long. In a current (unfortunately, its characteristics were not 

measured) all members of the undisturbed aggregation were oriented uniformly in the 

direction of the current; however, they did not show regular inter-individual spacing. 

The aggregations were from several m to up to 20m (estimated) deep, and could be 

several miles long. In both types of aggregation we did not observe size segregation, 

though the passive aggregations were predominantly formed of individuals greater than 

3.5 em (bell diameter). A single active aggregation could be composed of individuals 

of variable size from less than 2 em to bigger than 5 em, nor was segregation 

according to size observed in this type of grouping. 

Several hypotheses concerning the possible functional value of groupings of pelagic 

animals have been put forward, though some studies implicate physical forces as the 

dominant factors. The main problem with understanding aggregation behaviour lies in 

the interpretation of the nature of aggregations. In the case of Pelagia one should 

distinguish between passive and active aggregation. It is suggested here that physical 

processes regulate the creation of the former, since it is composed of lethargic 

animals. Passive aggregations often occur in the form of windrows or slicks offshore, 

or as accumulations in the heads of bays or sheltered parts along the coastline. Other 

nonliving buoyant material frequently appears simultaneously. The animals are almost 

completely inactive (observed as the cessation of bell pulsations), and are passively 

floating on the sea surface. Most probably the combination of several factors (elevated 

temperature and related increased metabolic demand, food deprivation, completion of 

biological cycle) contribute to the formation of passive aggregations in Pelagia, as 

they were predominantly observed during summer and early autumn. In contrast, we 

believe that active aggregation is a normal distributional pattern of Pelagia noctiluca. 

Due to the previously described factors they later develop into passive aggregations. 

The function of active aggregation in the absence of the attached scyphostoma is obvious 

in a fluid three-dimensional environment. Pelagia have separate sexes, and broadcast 

gametes for external fertilisation (Rottini Sandrini, pers .comm.). Aggregations can 

be postulated as a mechanism for increasing the concentration of gametes and thus 

maximizing reproductive success. 

Jellyfish have been shown to exert a significant influence on pelagic ecosystems. Since 

the appearance of Pelagia noctiluca in the Gulf of Trieste in 1978, modifications of the 

zooplankton community have been observed. It is also speculated that dying medusae 

during the summer-autumn period could contribute to oxygen depletion observed in 

1983 in the Gulf of Trieste, though there is no direct evidence. Also, Pelagia grazing 

on herbivorous zooplankton during summer-autumn might have contributed to the 

intensive irregular bloom of Gyrodinium sp. in October 1984. 

Acknowledgement. This work has been carried out as a part of MED POL Jellyfish 

Programme. 
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ABSTRACT 
The interaction between jellyfish and fishery during 27 months was analysed. The 

results demonstrate that the evolution in the fishing yield appear to be influenced by 
the increase of the jellyfish caught only in some periods. 

INTRODUCTION 
The problem of the interaction between scyphozoans and connnercially interesting 

fish species has been studied in different fishing areas since the number of jelly
fish has considerably increased in the past years, both off shore and in coastal 
areas (Piccinetti Manfrin & Piccinetti, 1983/84; Moller, 1984a & b; Rottini Sandrini 
et al., 1984; Legovic et al., 1986}. This study aims at analysing if the catch monthly 
yie1J per hour is influenced by the number of jellyfish in the net. 

MATHERIALS AND METHODS 
The data examined in this study have been gathered by a 14 tons, 200 Hp engine 

motor-trawler of the S. Vito fishers Co-operative in Marano Lagunare, in the period 
January 1981-December 1985. Professional trawl-fishing has been carried out daily, if 
the weather conditions allowed it, in the three-mile coastal strip, between Grado and 
Lignano; two different types of net have been used according to the season: in spring
summer months a 40 mm mesh-size net, in autumn-winter a 12 rmn mesh-size net .. The data 
on jellyfish refer to the October 1983-December 1985 fishing period. For each fishing 
day: 1) The amount of catch has been weighed, according to the species, for each two
hours haul on average. 2) The data relating to the number and species of jellyfish in 
the net have been collected. 

The data collected have been expressed in Kg/h catch and in number of jellyfish 
caught for each fishing hour. Two jellyfish species have been detected: Rhizostoma 
;:JUlmo (Macrir1778}, and Pelagia noctiluca (Forssk.hJ 1775). The number of Pelagia nocti
luca refers only to the specimens found intact in the net; trawl-fishing leads to the 
disgregation of a considerable amount of the specimens of this species. These data 
are therefore to be considered as an underestimate~ 

RESULTS AND CONCLUSIONS 
Fig 1 reports positive or negative differences from the average value of the 

catch Kg/h of fishing. The continuous horizontal line represents the average value 
calculated on data collected over 5 fishing years (1981-1985); the lower part of the 
drawing reports the pattern in the presence of Rhizostoma pulmo (broken line) and 
Pelagia noctiluca (dotted line) in the net in the period October 1983-December 1985. 
The method of analysis adopted in this study has shown that an increase in the number 
of jellyfish caught does not entail always a decrease in the average value of catch 
Kg/h fishing. The catch yield per hour decreases when the number of R. puZmo increases 
in the net only in some periods, October-November 1983, April-May-June 1985. this does 
not apply to P. noctiluca,as a considerable number of its specimens disgregate. 
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Fig.l. a,rnonthly 
distribution of Kg/h 
catch, reported as the 
difference from the 1981-
1985 averages. b, monthly 
distribution of Rhizostoma 
pu lmo and Pe Zagia nocti l':!_ 
co number of specimens/h. 

According to these results the evolution in the fishing yield appear to be 
influenced by the increase of the jellyfish caught only in some periods. this does 
not imply that an analysis of daily data might show damage due to the behaviour of 
the net in the case of Rhizost:oma pulmo, whereas damage due to the large amounts of 
Pelagia noctiluca that occurs along the coasts and in the nets are mainly of a 
toxicologic-healt care nature to man and of a hygene-veterinary nature to the catch 
(Rottini Sandrini et al., 1984). 
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The aim of this study is to examin the levels of natural radioactivity in the La

•·ymna Bay, Northern Evoikos gulf, Greece. Every year approximately 2.500.000 tn of mi

neral waste-by-product of Fe-Ni ore treatment- are deposed in the area. During the ini

tial stage of the treatment process the ore is mixed with lignite in 86:14 per the to

tal mixture weight,from Ptolemais mine. This lignite is reported to contain enhanced 

levels of uranium series radionuclides (Tab. 1) and this is reflected in the residual 

ash. The ore burning results also in production of large amount of dust, which is pi

ped to the gulf through the coolant fluid. Samples of sediments and organisms have 

been collected and the concentrations of uranium and thorium series radionucl ides as 

we 11 as 4°K have been determined. 

SAMPLING - TREATMENT - MEASUREMENTS 

The samples have been collected during the warm period of 1984 and the cold period 

of 1986, from 4 sampling stations, covering the mineral waste disposal area as well 

as disposal-free reference areas. The sediments have been collected by a Van-Veen qrab 

of 0,1 m2 collection surface, while marine organisms - by using a 400HP motorboat tow

iny a net wi'tha cod-end mesh of 16mm between stretched knots. The depth varied from 40 

to 90m. Before the disposal ore and mineral waste samples were also collected. Sedi

ments and ore samples were dried at 400°C and then homogenized and screened. Groups 

of equal sized fishes, after identification, were ashed at 400°C for 3-4 hours, flesh 

and bones separetely. The measured mass was 10-25g for ashes and 40-100g for sediments. 

A high-resolution gamma spectrometry system with HpGe-detector of 20% relative effici

ency was used for the determination of the concentrations of natural gamma-emmitting 

nuclides. 

RESULTS AND CONCLUSIONS 

A summary of the results are shown in table 1. There is an agreement in the con

centrations of 238u and 232 Th series radionucl ides and 
4

°K in the mineral by-product 

collected before disposal and at the sea t>ed. In comparison with the primary ore, the 

concentrations of 238u series radionuclides are 3-4 times higher. This is probabll due 

to the contribution of the lignite ash from Ptolemais, where concentrations of 
23 

U

series radionuclides up to 400 Bq·Kg- 1 were observed (see also Ref. 1, 2). Therefore 

we can conclude that there is an influence in the levels of natural radioactivity of 

sediment samples from the examined area concerning especially the 238u radionuclides. 

This is not reflected to the examined organisms. The observed variations in the mea

sured values in these organisms are due to the different bioaccumulation by the vari

ous species and tissues of them. These values are also comparable with those in orga

nisms from other places of Greece (3). 
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Table 1. 
Concentrations of natural radionucl ides in sediments and organisms from a mining 
waste disposal area Bq·Kg-1 

~ a m p 1 e s 

lignite 

lignite ash 

mineral sea bed sedi!rent samples 
and mineral waste samples 

sedirrent samples from other • 
areas of mining activities 
in the Greek peninsula 

seciment samples from other 
areas of the Greek peninsu~ 
la (3) 

Fish 

Crustacea 

unpublished data 

234Th 

50 - 80 

200 - 360 

10 

45 

54 

13 - 26 

Flesh bone 

20-60 10-65 

whole exosk.e-
body 1eton 

10-30 14 

226Ra 

55-75 

230 - 440 

28 

50 

4-9 

Flesh bone 

2-7 4-9 f 

whole exoske-
body leton 

3-8 4-11 

228Ac 40K 

8-9 28 - 48 

30 - 50 140 - 240 
--

110 

16 140 

i-----~ 

22 627 

4-5-9 100 - 360 

Flesh bone Flesh bone 

N0-4 2-8 730-2500 330-670 

whole exoske- whole exoske-
body leton body_~ 

2-14 NO 240-710 : 280-580 
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Introduction In order to obtain information about the present status 

and possible impact of river Danube on the natural radiation environ

ment along the Bulgarian part of the Black sea coast, investigations 

on the distribution of some long-lived gamma emiters in selected re

gions and marine samples have been carried out by the Laboratory of 

Dosimetry and Radiation Protection. In this abstract some results from 

activity and gamma background measurements, are presented. 

Materials and Methods The natural gamma background was measured one 

meter above the soil surf'ace in more than 60 locations along the shore 

using a field radiometer VA-J-0,5 (DDR) with improved sensitivity. 

Soils, beach sands and bottom sediments were collected from the top 10-

15 em., then treated by a dry ashing procedure and homogenized mecha

nically. The concentrations of 226Ra, 232Th, 4°K and 1 37 Cs were determi

ned by a low background scintillation spectrometer with sensitivity of 

3,7;1,48;0,74 /Bq.kg-1/ for radium, thorium and cesium respectively. 

All spectra were analyzed by a special computer programme. 

Results and Disc·ussion Investigations on the distribution of natural 

and artificial radionuclides in Black sea have been carried out by rus

sian and romanian au tors 1 • However, data about the environmental radio

activity of the Bulgarian coast are scarce and incomplete. Therefore we 

started first with gamma radiometry of soils, beach sands and bottom se

diments, then representative samples were analyzed for the determination 

of some long-lived gamma emiters. 

Gamma background measurements along the coast revealed an exposure 

rate Px within (1,58-16,7).10-6 /A.kg-1 / or (1,7-18)0-R.h-1 / at an average 

of' 7,98 3,34.10-6 /A.kg- 1 / or 8,6 3,60-R.h-1/. Very low values were regi

stered over the beach strip of camping "Karvuna", probably due to the 

shielding action of the very low radioactivity of the beach sands, as it 

has been shown by our gamma spect!'ometry measurements. 222Rn activities 

in soil gas were 10 to 20 times lower than at other locations2 _ 

The mass specific activities of 226Ra, 2 32Th, 4°K and 137 Cs were 

in the range of: It can be seen, 

226Ra- (3,7-104)/Bq.kg-1 / or (0,1-2,8)/pCi.g-1 / that the concen-

232Th- (1,48-48,1)/Bq.kg-1 T or (0,04-1,3)/pCi.g-1 / trations of the 
4°K - (81,4-555) /Bq.kg- 1 / or (2,2-15,0)/pCi.g-1 / above radionuc-

and137cs-(0,89-96,2)/Bq.kg-1/ or /0,024-2,6)/pCi.g- 1 / lides are in good 

agreement with these reported by other autors3. Since the sediments were 

collected near the shoreline, their radioactivity could be related in 

general to the concentrations of natural radionuclides in coastal rocks 

and soils. However, local currents and sedimentation processes may have 

influence upon the distribution of certain radionuclides, e .d. 1 37 Cs. 

While the relatively high concentrations of 226Ra in bottom sediments 

from the northern part of the coast are probably due to the existing 

underwater mineral springs and gas eruptions along a sub-seabed fault 

line, 137cs activities seem to be connected with a current, originating 

near the Danube delta. Nevertheless, cesium presumably comes from the 

worldwide fallout, since the impact of the nuclear power plants along 

the river Danube is likely to be insignificant. This assumption could 

be supported by the similar concentrations of 137 Cs in sediments from 

local coastal rivers. 

Conclusion The environmental radioactivity of soils, beach sands and 

bottom sediments from the Bulgarian coast is determined mainly by the 

presence of naturally occuring radionuclides. 137 Cs concentrations as 

a whole are below these of 226Ra, 2 '~ 2Th and 4°K and originate from 

worldwide fallout. 

Literature: 1. Polikarnov 1},1}. et aL"Marine chemoract1oecolop:y :md 

pollution probler.Js"('l'forskaja chemoradioecolop:ia i probler.1a zarriaz
nenii', Kiev, Naulwva duml~a, 19811. 
2. '1inev I. et al. "f,n area of the Plack SP.F.l srorl' >'ritr abno:rnml lo1" 
o-anl'!a b:ockrround", Proc.Int.Conf. on low-level counting, PratislGva, 
C'zecl'of'lovakia, 21 - 2~, Oct., 108S 
:'·. I·:uznetsov Y.V. "!l:?.d:iocl':ronolorv of oce<>ns".(?odiocl'rr>n<"lr>~:ia 
ol<eene·, 1'1!of'vv:o, Jltom:izdat, 1076 
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Abstract 

ResuLts are presented for totaL aLpha and beta radioactivity and gamma radio
nucLides in sampLes of sediment, water, macrophytes and fish coLLected from the 
BLack Sea during the period 1984-1985. 

Resume 

Les donnees concernant La radioactivite alpha et beta totaLe et Les anaLyses par 
spectrometrie gamma d 'echantiUons de sediment, d 'eau et de certains macrophytes 
et poissons, coLLectes en mer Noire, pendant La periode 1984-1985 sont presentees 
dans ce travaiL 

The monitoring of natural and artificial radioactivity along the Romanian Black 

Sea shore, by means of alpha and beta total, and gamma spect romet rica l ana lyses, 

was continued between 1984-1985. 

MATERIAL AND METHODS 

Sediment, sea water, macrophytes and fish sarnp les were collected nearshore between 

Constantza ( 44 °10 'N) and Jupiter ( 43°50' N). Sea water samples were also collected 

offshore the Danube Delta (Portitza), and at Constantza and Tuzla (upto 30 nauti

cal miles offshore) for comparative purposes. 

The samples were counted for total alpha activity at least 40 min. each, using a 

RFT 72015 type probe with a VAZ-520 proportional detector connected to a ST6 Nu-

clear Enterprises Counter. Total beta measurements were performed using a low

background anti-coincidence system, consisting of Mullard Geiger-Muller detectors 

and a SR5 Nuclear Enterprises counter. Each sample was counted for at least 50 

min. Gamma-spectrometry measurements were carried out with a Quanta computer

based multichannel analysis system consisting of Canberra Ge (Li) detectors, asso

ciated modular electronics and 8100 MCA, with counting times ranging between 

50,000 and 300,000 s/sample. Spectra were analyzed with a PDPll/04 computer, 

using improved SPECTRAN II I codes writ ten in CLASS. 

In total, 136 samples were analyzed. The activity due to 
4°K was not substracted 

from the measured values. 

RESULTS AND DISCUSSION 

The data on marine radioactivity indicate, in general, a lower level of contamina

tion as compared to 1981 (ALEXANDRESCU ~ !:.!:_., 1982). Thus, the tendency for 

lower concentrations of fission radionuclides reported between 1982-1983 (BOLOGA 

~ !:.!:_., 1985) has continued. The absence of atmospheric nuclear tests in the 

northern hemisphere between 1982-1985 led to a depletion of the fission radio-

nuc 1 ide stratospheric reservoir. Furthermore, no important nuclear events occur

red which could have resulted in a significant increase of marine environmental 

artificial radioactivity levels. 

Specific alpha-total activity of the samples was below the lower detection limit 

associated with the measurements; only in Bryopsis plumosa the value of 6 pCi 

(222 mBq) g-
1 

fresh weight or 234 pCi (8.6 Bq) g-1 ash was due to the presence of 

alpha emitters from the natural series of U-Ra and Th c226Ra, 218p 0 , 
216Po, 214Bi, 

etc.). 

With regard to total-beta activity, the highest value of 30 pCi g-1 f.w. or 1,168 

pCi g -
1 

ash, also in B. plumosa in 1984, was due to beta emitters from the U-Ra, 

Th and K series c 214P~, 212
Pb, 

208
Tl, etc.). However, because of the prevalence 

of radionuclides from the natural series U-Ra and Th in this sample, the calibra

tion with 
4°K seems in this case unjustified. Compared to the level of 4°K of 

only 1.5 pCi g-
1 

f.w., if calibrated with a source of 90sr-90y (or equivalent), 

the total beta activity in this sample increases to 11 pCi g-1 f.w. 

The following radionuclides were assayed by gamma-spectrometric analysis: 7Be, 
4°K, 226

Ra, 
228

Ac, 
54

Mn, 
60

co, 
106

Ru, 
125

sb, 
137

cs and 
144

ce. 
4°K is permanently 

much over the detect ion 1 imi ts (up to 1.3 pCi g - 1 sediment, 236 pCi 1-1 in sea wa

ter, 12.1 pCi g-
1 

f.w. or 384 pCi g-l in macrophytes, and 5.9 pCi g-1 f.w. or 211 

pCi g-
1 

ash in fish. 
7
Be, 

106
Ru, 

137
cs, 

54
Mn and 60co do not significantly exceed 

the detection limit. Among the marine organisms analyzed, higher values of 106Ru 

and 
144

ce were found in Cerami\]m elegans, Zostera~ and Gobius melanostomus. 
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This research is oonnected with the preliminary one \\hose results ~e 

presented at the Cannes CIESM Congress (1982) "Radionuclides present in North 

Adriatic Sea in front of the Po delta (1979-81)"· From that m:::ment onward the 

research was carried out by thoroughly studying the aspects of distributions 

of radioactive isotopes of caesium and plutonium and also oonsidering samples 

oollected subsequently up to 1984. Significant samples of sea-water ZCDplanckton and 

benthic and pelagic organisms were processed for the sequence detennination of 

Cs 
137 and Pu

239-240 • We report herein the results al::out the ooncentrations of 

these radionuclides in sea water and organisms. We also report their distributions 

in the surface layers of the sea-l::ottom. 

Vertical profiles of Cs 
137 

were obtained in several points of the oonsidered 

area in front of the Po delta; in particularly significant points, we also 

obtained several data ooncerning Pu
239-240 • These data enabled us to value the 

rate of sedimentation in SCllE points of the oonsidered area. 
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Les retomb€:es atmosph€:riques collectees sur des papiers filtres a Oran 
et au mont Tessalah, ant ete analysees pour la radioactivite, par la spectrometrie 
gamma a l'aide d'un detecteur Ge(Li) couple a un analyseur multicannaux. On a identi
fi6 les. radionucl€ides suivants : 7Be,137cs, 65zn, 60co. Les .~Jlus 2randes activites 
ant ete enregistrees au mont de Tessalah : (2,0 ± 0,5) pCi 13 Cs/m .j et (9, 7 :!- 2,5) 
pei 65znjm2. j. 

Fallout samples at Oran and Tessalah mountain were collected and by gamma 
spa:trometry investigated. 7Be, 137cs, 65zn and 60co were present in low activity. 

MATERIEL ET METHODES 

Des retombees atmosph8riques ant ete collectees sur des papiers filtres 
millipores impregnes de glycerine p.a. La recolte a ete effectuee entre le 16 mai et 
le 2 juillet 1985 a Oran et au mont Tessalah, a 1000 m environ. Apres l'incineration 
des filtres dans un four electrique durant 1 heure, a 400"C, les cendres des echantil
lons ont ete analysees par spectrometrie gamma a 1 'aide d' un detecteur Ge (Li) couple 
a un analyseur multicannaux. Le temps de comptage a ete de 16 a 24 heures. Les mesu
res ont ete effectuees dans un blindage Pb-Cu bien ecras€ 1 et la contribution du 60co 
parasite a ete €limin€e. Les activit€s ont ete corrtgees, pour le dernier jour de la 
collecte et le temps de comptage pour le 7Be et le Zn. 

RESULTATS ET CONCLUSIONS 

Nous avons identifie 7Be, 137cs, 65zn et 
60

co. 

Le 7Be est un produit entre les rayons cosmiques et l'oxygene et l'azote 
stratospherique. La plus grande activite a ete trouvee au Tessalah (175 ± 20) pCi/m2.j 
a 1 1 altitude de 1000 m. Mais, en effectuant la moyennne des valeurs de 1' aire investi
guee, on trouve des valeurs mensuelles proches de celles de THOMAS (1) a Paris, de 
1980 a 1983. Le Caesium-137 varie entre (0.~8 ± 0,3) et (2,0 ± 0,5) pCi/m2.j. D'apres 
FUKAI et al. (2), les niveaux totaux du 13 Cs en Mediterranee sent donnes par les re
tombees atmospheriques. Il est a remarquer que le Radiocaesium a ete absent de trois 
echantillons des retombees atmospheriques. Le 65zn etait, par contre, present dans 
tousles echantillons variant entre (1,4 + 0,6) et (9,7 + 2,5) pCi/m2.j. Le 60co a 
une tres faible activite, la plus grande (o,63 ± 0,44) pCi/m2.j et il est seulement 
present dans deux echantillons. 
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INTRODUCTION 

La principals source de radionucleides artificiels susceptibles de marquer l'environ
nement marin du littoral mediterraneen franc;ais, outre les retombees des explosions 
nucleaires atmospheriques, reside dans les apports rhodaniens. En effet, sur le cours 
du Rhone sont implantees diverses installations nucleaires autorisees a rejeter des 
effluents liquides faiblement radioactifs. Afin de suivre la dispersion de ces radio
nucleides au sein des eaux du bassin nord-occidental Mediterraneen, differents 
reseaux d'observation des niveaux de radioactivite ont ete mis en place. Nous presen
tons ici ]'analyse des resultats concernant les prelevements de moules (Mytilus sp.) 
effectues mensuellement depuis 1983 sur le littoral du delta du Rhone (Fig. 1). 

MATERIEL ET METHODES 

Mytilus sp. a ete retenue pour sa capacite d'accumulation de divers polluants 
(GOLDBERG et al., 1983 ; CALMET et al., 1985). Des prelevements de 10 kg de moules 
sont realises ala cote tous les moiset sont envoyes au laboratoire pour condition
nement. Apres elimination des coquilles, les echantillons subissent une dessication a 
l'etuve a 80° C puis sont reduits en cendres au four a 550° C. Tous les prelevements 
font l'objet de mesures par spectrometrie y sur detecteur Ge-Li d'efficacite et de 
resolution elevees (efficacite 40 %, resolution de 2 KeV a 1,33 MeV). 

RESULTATS ET DISCUSSION 

Le nombre de radionucleides artificiels emetteurs 11. y detectes apparalt variable en 
fonction de la station de prelevement avec un maximum de 8 a FARAMAN (Fig. 1). De 
part et d'autre de cette station on note la diminution simultanee du nombre de radio
nucleides presents dans les echantillons ainsi que de leurs niveaux. Pour les diffe
rentes stations echantillonnees, le 106Ru contribue pour 94 a 96% de l'activite 
artificielle globale detectee, le 137Cs pour 2 a 4 %, les autres radionucleides 
representant de 0% a moins de 1 %. D'un point de vue temporel, le 137Cs, lOSRu, 
6 °Co, ssco sont presents dans tous les prelevements a la station de FARAMAN alors que 
seuls le 106Ru et le 137Cs sont systematiquement detectes aux autres stations. Le 
12sSb et le 134Cs sont trouves episodiquement aux deux seules stations de FARAMAN et 
de CARTEAU 1 es plus proches de 1' embouchure du grand Rhone. 

CONCLUSION 

Aux differentes stations etudiees les rejets de radionucleides effectues par les 
installations nucleaires situees sur le cours du Rhone sont bien perc;us. L'origine 
rhodani enne des radi onuc 1 eides art ifi cie 1 s detectes, notamment 1 e 10sRu, ne fait 
aucun doute et est confi rmee par le gradient decroi ssant trouve de part et d' autre de 
la station de FARAMAN qui apparalt la plus marquee. La station localisee dans la 
darse 1 du Port de FOS semble la moins touchee puisque deux radionucleides artifi
ciels seulement sont detectes et ce avec les niveaux les plus bas. De plus, a cette 
station les teneurs en 137Cs 111 paraissent pas liees aux rejets dans le Rhone puisque 
elles varient de 1 a 4 Sq. kg de cendres et sont conformes aux valeurs trouvees a 

106 137 
Figure 1 : Niveaux moyens en Ru et Cs ( exprim!!s en Bq/kg de cendres) des echan-

~~ ~ ~~n~u d~h~*!: 1 [! ~g~~~e !:~~;u~e d!9~;d~ o~~~i e~~e~ :;~{i~~~ e 1~ ~!~!~~:! du 
par spectrometrie ganma a chaque station est donne entre parentheses. 

NICE a 200 km a l'est du Rhone, au seule l' influence des retombees des tirs 
atmospheriques se fait sentir. Ceci s'explique par sa localisation au fond du Golfe 
de FOS. 

Une evaluation des consequences sanitaires liees a 1' ingestion de moules contaminees 
a ete etablie. Afin de calculer les doses maximales susceptibles d'etre delivrees 
nous avons retenu les concentrations maximales observees a FARAMAN pour chacun des 
8 radionucleides artificiels detectes. La consommation individuelle annuelle de chair 
de moules a ete fixee a 1,45 kg conformement aux statistiques del'INSEE concernant 
les personnes vivant en region Mediterraneenne. Cette ingestion conduit a une exposi
tion negligeable de l'ordre de 10-5 de la limite de dose annuelle a l'organisme 
entier recommandee par la CIPR 26. 

REMERCIF:MENTS 

Nous remercions L. Alphonse., D. Bullier, L Oaboudet, M. Saliceti, C. Taupin pour leur 
assistance technique. 

BIBLIOGRAPHIE 

CALMET D., DABURON M.L., WILLEMOT J.M., 1985. Evolution de la radioactivite artifi
cielle du littoral nord-occidental mediterraneen et evaluation des consequences 
sanitaires. Rev. Int. Oceanogr. Med. Tomes LXXVII-LXXVIII, 60-71. 

GOLDBERG E. D., KOIDE H., HODGE V., FLEGAL A.R., MARTIN J., 1983. US mussel watch : 
1977-1978. Results on trace metals and radionuclides. Est., Coast. and Shelf Sci., 
69-93. 

CIPR 26, 1980. Recommandations de la Commission Internationale de Protection 
Radiologique. Pergamon Press, OXFORD, 63 pp. 

213 

I 



I 

R-I7 
ETUDE DES NIVEAUX DE RADIOACT!VITE DE GROSS BETA NATURELS DANS LES SEDIMENTS 
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Resume : 

Entre 1976 et 1979 la radioactivite b'eta naturelle a ete etudiee 
~~~~ 1~~~~~, o~~~ii:::~dY;!~t!a~fua!~sMF;!~s d~a;;~:rovincialis ; 

Les resultats mettent en evidence une variabilite importante 
entre lea trois categories de prelevement (~ooplancton, sediment,eau 
de mer) et une difference au niveau des especes. 
Introduction : 

L'etude des radionucleides naturels est importante dans l'ecosys
teme marin, comme dans les antres ecosystemes afin de pouvoir evaluer 
par comparaison les polluants radiaactifs industrials qui sent draines 
jusqu'a lamer. Ces pejets pouvant entrainer des accumulations a 
differents niveaux de la chaine trophique. 

Plusieurs travaux sur la radioactivite naturelle beta ont deja 
ete effectues chez Artemia salina par (UYSAL, 1975), Chez Sphaeroma 

~ par (GEY ,1977) et chez Mugil Spp., et M.galloprovincialis 
par PARLAK, 1983 dans le golfe d'!zmir. 

Materiel et Methode : 
Les prelevements zooplanc

toniques ont ete effectues en 
surface a 1' aide d 'une filet 
a plancton (250 pm),l'eau de 
mer par une bouteille Nansen 
et le sediment par une benne 
benthique "Orange Peel". 

Fig.l : Localisations des stations. 

Quinze 15 stations caracteris
tiques ont ete choisies (fig.l). 
Mytilus galloprovincialis et 
Ulva lactuca ont ete preleves 

dans la zone infralittorale. 
Les echantillons sent passes a l'etuve (110°0) puis mis au four 

a 550°0 pendant 4 heures afin d 'evaluer le poids des cendres 100 mg 

de plancton' 200 mg de sediment et d. organismes ont ete utilises pour 
les mesures de radioactivite beta. 

20') ml d' eau de mer sor.'t filtres et concentres par evaparation 
et 200 mg de residua sent utilises pour lea dosages. Les mesures sent 
realisees a 1' aide d 'un compteur Geiger-Miiller Scaler 7000. Le standart 
est prepare avec KCl (Merck) 200 ou ~00 mg. 
Resul"':ats et Discussion : 

Tabldau I : Variation de la radioactivite de gros beta naturel. 
IlL.. ~ !S'G1•ent r.au.:~.-r D'apres les resultats dans le tableau 1 ?6.8,t0.9} t•.ez;o.n 18.65•0.1)\ 

52.10•1.15 16.064.0.91 t• • .o+o.~' 
60.5'Ji0.96 16.}8+0.94 1,..&no.94 

I no us constatons que la radioactivite 
?9.~+0.93 26.,+0.'}' ,1.2C);0.9' naturelle grosse beta est import ante dans 102.93+0.96 41.16i0.98; !IQ."6;0.(t3 

22l.s-+0.96 28.0?+0.96 h.?2i0.9~ le zooplancton (44.64-221.94 cpm/0.5 g ? 105-34+o.C)e 28.94;0.96 15.2,+0.9~ . 106.l,i0.96 6?.1?+0.95 15 • .72+0.9~ de cendre) les, sediments (16.06-67.86 9 221.9-'+0.9? 46.?6.0.98 1 ... 01+0.99 
10 101.24l-0.96 25.sno.96 19.55+0.96 cpm/0.5 g de cendre) et l'eau de mer 11 8,.651-0.':}Il. 22.09:r0.9' 16.58«).9? 
12 ... 64;0.96 ,5.?1+0.96 14.00+o.9' (11.48-31.29 cpm/1). On peut comparer 
" 61.22i0.99 56.96+0.95 14.18;().9, ,. 99-?6+0.99 6?.86i0.95 u.-.e;o.l)8 nos resultats pour le zooplancton aux 1S 26.41'.0.95 15.?F0.95 

travaux de PELAT!. ,ALBERTAS!. ,(1982)dans 
le nord de l'adriatique. !1 semble que la variation de radioactivite 
dans lea echantilons de zooplancton depende a la fois de leurs ca
racteristiques biologiques et des facteurs de l'environnement PELAT! 
ALBERT AS!., (1982). 

La radioactivite chez M.galloprovincialis varie de 111.54-127.17 
cpm/0.5 de cendres et chez U.lactuca de 72.92-121.50 cpm/0.5 g de 
cendres.PARLAK.,(l983) obtenait des radioactivites beta de 69.7-141.9 
cpm/0.5 g de cendres chez M.galloprovincialis dans la pecherie du 
golfe d'!zmir en 1979. 

Ces travaux sent le point de depart pour de futures etudes sur 
les transferts des radionucleides dans la chaine trophique, pouvant 
apporte une meilleune connaissance de la radioecologie marine. 
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ABSTRACT 

The autoradiography of three marine algae (fucus spiralis, Porphyra ~ and ~ 
lactuca), labeled..!.!! vitro, has permitted to determine the localization of Tc-95m at 
the macroscopic level, in the different parts of the plants. 

1. INTRODUCTION 

Recent work done in our and other laboratories has shown that technetium (Tc-99 and 
Tc-95m) is taken up by several species of marine algae (Bonotto et al., 1984). In 
addition the utilization of selective extraction procedures and of column 
chromatography of Tc-95m-labeled extracts has revealed that this radionuclide enters 
the cells where it becomes more or less firmly bound to various cellular compounds. 
However the localization of technetium in the algae was not yet visualized by 
autoradiographic techniques. This paper deals with the uptake and localization of 
Tc-95m in a brown (fucus spiralis), a red (Porphyra sp.), and a green (Ulva lactuca) 
marine alga. 

2. RESULTS AND DISCUSSION 

The concentration factors (Cfs) for Fucus, Porphyra and ~. collected along_fhe 
Belgian coast, and supplied with Tc-95m-pertechnetate (20 nCi or 7.4 x 10 2 Bq ml h 
at l8°C and under weak 1 ight (350 lux), in the presence of 10 ~Jg ml 
chloramphenicol (to avoid bacterial growth), during 24 h, are reported i.n table 1. 
The figures reveal that Tc-95m fixation is high in fucus, but rather low 1n Porphyra 
and Ulva. 

Table 1. Concentration factors of Tc-95m obtained under laboratory conditions, for 
fucus spiral is, Porphyra sp., and Ulva lactuca. 

Alga Locality (Belgian coast) 

Oostende 
Oostende 
Bl ankenberge 
Oostende 

Cf 

49 
0.3 
0.1 
0.4 

The three algae were washed in filtered sea water, blotted and dried (Cop~ejans ~nd 
van der Ben, 1980) and submitted to autoradiography (Kodak X-Ray Ortho G F1lm, us1ng 
intensifying screens). The autoradiographs show that : a) Tc-95m is more stro~gly 
accumulated by those apical parts of fucus spiralis which are transforming 1nto 
fertile receptacles (fig.1A, arrows) ; bTTc-95m is poorly taken up by Porphyra sp. 

fig.l. 

I 

A B 

Autoradiographs of fucus s iral is (2 hours exposition) and. of Porphyra s~. 
(Oostende ; 15 days exposition showing strong accumulat1on of Tc-95m 1n 
fucus apical fertile receptacles (A, arrows) and poor uptake by Porphyra 
fronds, except in small spots probably corresponding to epiphytic orgamsms 
(B, arrows). Scale= 0.5 em (A) and 2 em (B). 

(fig.1B) and ~ lactuca (results not shown) ; c) small dark spots on Porphyra 
blades (fig.1B, arrows) possibly correspond to Tc-95m fixed by epiphytic organisms. 
The uptake of Tc-95m by small epiphytes as well as its distribution in the algal 
cells is being studied. 
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ABSTRACT 

Molecular sieving-chromatography and electrophoresis on polyacrylamide gels have 
revealed that Tc-95m binds to Acetabularia proteins having molecular weights ranging 
from 120 to about 10 kdaltons. However, proteins of relatively low molecular weight 
(~ 15 kdaltons) are the heaviest labeled. In addition, most of the Tc-95m-protein 
bonds are labile, being rapidly destroyed by acid treatment. 

1. INTRODUCTION 

The giant unicellular alga Acetabularia acetabulum, by contrast to other green 
marine algae, is capable of accumulating technetium supplied as Tc-99- or 
Tc-95m-pertechnetate, the concentration factor attaining values up to 348 (Bonotto 
et a 1., 1983). More recent experiments have revealed that Tc-95m, taken up by 
growing vegetative cells, becomes more or less strongly bound to various cell 
constituents. Only about 56% of Tc-95m incorporated by the cells can be extracted 
with buffers, approximately 40% being unextractable (Capot et al., 1985). This paper 
deals with the i ncorpora ti on of Tc-95m into proteins. 

2. RESULTS AND DISCUSSION 

Soluble proteins of vegetative cells of Acetabularia acetabulum were extracted with 
Tris-buffer (0.02 M Tris-HCl, 0.1 mM Phenylmethyl-sulfonyl Fluoride, PMSF (an 
inhibitor of proteases), pH 7 .2) and chromatographed on Sephadex G-25. The remaining 
proteins (mainly membrane proteins) were extracted with a higher ionic strength 
buffer (0.02 M Tris-HCl, 2 M NaCl, 5 M Urea and 0.1 mM PMSF, pH 7 .5) and 
chromatographed on Sephacryl S-300 (Capot et al., 1985). No attempt was made to 
solubilize proteins associated with the cell walls. The comparison of the optical 
with the radioactive profiles of the chromatographs revealed that Tc-95m was bound 
to macromolecules (mostly proteins) as well as to small organic molecules. In 
addition, evidence was obtained suggesting that part of the technetium taken up by 
the cells remained in the form of pertechnetate. Electrophoresis on 15% 
polyacrylamide gels of extracts, obtained with Tris-SDS buffer (0.06 M Tris-HCl, 5 
mM Na?EDTA, 5% s-mercaptoethanol, 2% SDSh from Acetabularia cells supplied _w~th 
Tc-95m-pertechnetate (50 nCi or 1.8 kBq ml ) up to 15 days, followed by gel sl1c1ng 
or gel autoradiography, showed that Tc-95m was bound to proteins having molecular 
weight ranging from 120 to about 10 kdaltons. Moreover, proteins with molecular 
weight~ 15 kdaltons were the most heavily labeled (fig.l.). However, parallel 
experiments, have demonstrated that the Tc-95m-protein bonds are rather labile. In 
fact most of technetium was 1 os t from the proteins after acid precipitation with 
cold 5% TCA. This finding rises the question whether technetium is dissociated from 
proteins in the digestive systems of animals grazing on marine algae having 
incorporated this radionuclide. 

Fig.l. Autoradiograph of Acetabularia proteins extracted from whole vegetative 
cells supplied with Tc-95m-pertechnetate, and separated by electrophoresis 
on 15% polyacrylamide gel. Lanes A, B, C and D correspond respectively to 
proteins extracted from cells labeled during 1, 3, 10 and 15 days. The 
arrows show bands having molecular weight~ 15 kdaltons. 
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ABSTRACT 

The unicellular marine alga Acetabularia acetabulum L. (Silva), Dasycladaceae, is a 
useful organism to study the impact of tritium on the aquatic environment. The plant 
is capable of converting HTO to OBT, under light as well as under dark conditions, 
although to a lower extent. Acetabularia actively incorporates supplied amino acids 
(H 3 -leucine) into cell and chloroplast proteins, having molecular weights ranging 
from 140 to 12 kdaltons. HT/HTO and HT/OBT conversion is under investigation. 

1 . INTRODUCTION 

Recent work suggested that in fusion reactor facili~es and in recovery systems, 
tritium inventories could attain very high values ( 10 Ci or 3. 7 EBq) (Peterman et 
al., 1985). The possibility, thus, exists that workers shall be exposed to high 

~~nc;;:;:~!o~snt~f ~;!:~~: ;::e~~;1:r ~Ji;) o:~~~~io~r~:o:: ~o :!~t::~naitnicoonrp~~at!~: 
foodchains leading to man. This last aspect is of particular importance since OBT in 
human foods could increase the total body dose by a factor of 1. 7-4.5 times the free 
body water dose alone (Travis, 1985). 

Tritium may be taken up by aquatic organisms, directly from the surrounding water 
(HTO, dissolved tritiated organic molecules or HT), or indirectly through 
contaminated foods. Micro- and macro-algae are of particular interest for 
investigations on the behaviour of tritium in the aquatic environment. In previous 
studies (Bonotto et al., 1982 ; Arapis et al., 1984a,b), we have shown that tritium, 
supplied as tritiated water, w~s incorporated into the organic matter of various 
green algae. This paper deals with the incorporation of tritium supplied to 
Acetabularia, under light and/or dark conditions, in different chemical forms 
(tritiated water, tritiated amino acids and tritium gas). 

2. RESULTS AND DISCUSSION 

When vegetative Acetabularia cells are supplied with HTO (10 ;.Ci/ml or 3. 7 x 10
5 

Bq/ml) during 7 days, tritium is incorporated into their organic matter. 
Microcombustion analyses have shown that under dark conditions the amount of organic 
tritium (OBT) present in the cells is lower than that fixed under light conditions 
by a factor of about 4. Nevertheless, it is of interest to notice that HTO/OBT 
conversion occurs even in darkness. 

4 
Tritiated leucine (l J.JCi or 3. 7 x 10 Bq/ml) was taken up at a higher rate under 

light than under dark conditions. At the end of the experiments (24 h), however, the 
uptake of H3 -leucine in darkness was reduced only by about 20%. The ratio between 
acid soluble and acid insoluble tritiated compounds, after a 5 h incubation period, 
was respectively 1.8 and 2.4 in light and in darkness. The incorporation of tritium 
from tritiated water (HTO) or from tritiated leucine (OBT), into the proteins of 
whole and/or isolated chloroplasts (labeled in vivo), was studied also by 
electrophoresis on 15% polyacrylamide gels. Protdn markers were used to determine 
the approximate molecular weight of the tritiated molecules. The gels were sliced 
and counted, as reported before (Arapis et al., 1984b), or submitted to 
autor~>diography (Kodak X-Ray Ortho G Film, using a fluorographic procedure). Labeled 
proteins had molecular weights ranging from 140 to 12 kdaltons in whole cells as 
well as in chloroplasts. Since very recent work has shown that algal chloroplasts 
(Chlamydomonas reinhardii) have an hydrogenase activity (Majone and Gibbs, 1986), 
the incorporation of tritium gas into Acetabularia (one cell contains about 10 
millions of chloroplasts) is being studied. 
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R-II4 
lilf1 fJf, AND 5l(R UPTAKE BY THE MOLLUSK VENUS VERRUCOSA 

C. PAPADOPOULOU, C. MANOLIDIS, M. STAMOULI and J. ANDREOTIS 

NRC "Demokritos", Radioanalytical Laboratory, 
Aghia Paraskevi, Attikis, Athens (Greece) 

Resl.lml§: La bioaccumulation de 11
Qn Ag et 51er dans le rrollusque edible 

Venus verrucosa collecte par le Golfe Saronique a ete etudiee dans des 

aquariums contenants de l' eau de mer de la region =resp::mdante et par 

l'addition des isotopes en trois concentrations differents pour chaqun, 

Les valeurs des facteurs de concentration (K) trolNes pour 
11~g sont 16,19 et 

16 pour les concentrations 7.0, 14.0 et 28.0 11Ci 
11~g/ 24L, respectivement, 

et 64,65 et 60 pour les concentrations 20,40 et 80 11Ci 
51

er/20L respectivement. 

Les Tb ~ ont ete tro!Ni§s de 60 jours pour 1' argent et de 78 jours pour le 

chrome. 70.0% de 11~g et 78.5% de 51er de la radioactivite accumulee par l' 

animal est localisee dans la coquille. La distribution de la radioactivite 

de 11~g et de 51er dans les differentes parties de Venus verrucosa a ete 

i§galement deterrninee. 

The presence of silver and chromium radionuclides in the marine 

environment has been pointed out by several investigators (Rllikarp:Jv,1966). 
11~g (H.L 253 d) 10~g (H.L 127 .yr), and 

51er (H.L 28d) are deriving fran 

nuclear tests, and fran the discharge of the liquid radioactive waste of nuclear 

plants • M:Jreover 51er is one of the principal corrosion products of nuclear 

p::JWer ships. Experimental work has des:ronstrated the ability of certain ncllusk 

and crustacea speeies to accumulate radionuclides of silver and chromium in 

different concentration factors (Policarpov 1966). Also in the viccinity of 

nuclear p:Mer plants 
11~g has been found in mollusks and crabs. (Hunt 1980) • 

In an attEmpt to gain infonnation on the uptake of silver and 

chromium radionuclides by different rrollusk species, we studied the biokinetics 

of 11~g and 51er in the rrallusk V. verrucosa. The study of this edible 

species is of :importance because a high concentration of radionuclides would 

represent a potential hazard to the human health. 

Sixty individuals of V .. ve:::ruc:::>sa(silze 4-5 an) VJere sampled fran 

a farm of Salamis Island in saronicos Gulf, in 1985. Sea water was also taken 

fran the same area. 'IWo uptake experiments were performed at constant temperature 

(rv20°C) and salinity using the radioisotopes 
11~g as silver nitrate 

and 51 er as chranium chloride. 

.The results of these experiments can be surrmarized as follows: 
11 ~g. The concentration factors (K) found, were 16,19 and 16, correspond

ing to 11~g concentration 7.0, 14.0 and 28.0 JJCi, 11 ~g/24L. respective

ly. The distribution pattern of 11~g in the body of v. Verrucosa was found 

to be as follows: 86% Visceral mass, 5,6% mantle and gills, 3.9% muscle and 

1. 7% foot. 70% of the whole radioactivity was found in the shell. The radio

activity of 11~g remaining in the she:!.l after 60 days leaching, with 0.5 M 

HCl, was 15%. A 60 d biological half tirre (Tb ~ ) for 11 ~g was found. 
51

cr. The concentration factors (K) found, VJere 64,65,60 for 20,40 and 80)JCi, 
51

cr/20L respectively. The distribution pattern of 51er in the body of the 

animal was found to be as follows: 75% visceral mass, 9.6% mantle and gills, 

6. 7% muscle, and 1.3% foot. 78.5% of the whole body radioactivity was found 

in the shell. The radioactivity of 51er, remaining in the shell after 30 days 

of leaching, with 0.5 HCl, was 20%. Tb 1 for 51er was found to be 78 days. 

As it can be seen fran the results IlEI1tioned above low concen

tratior. factors (K) VJere found for both 11 ~g and 51 Cr in the edidle rrol

lusk V. Verrucosa. 

Viscera is a principal site of deposition of the studied radio

nuclides. Data presented in the litterature are in agreement with our find

ings concerning the high concentration of 110Ag in viscera, in certain rrol

lusk species. (Pentreath, Fowler 1978). 

BIBLIOGRAPHY 

1. Hunt J. 1981 Radioactivity in surface and coastal waters of the 

British Isles 1980. Techn. Rep. No. 6 Aq. Env. M::>n. ISSN. 

0142-2499 32 p. 

2. Pentreath, R.J., Fowler, S.W. 1978. Irradiation of aquatic animals 

by radionuclides incorporation. Techn. Rep. Ser. No. 190 IAEA, 

Vienna, pp. 129-171. 

3. Polikarpov G.G. 1966. RadioecolO'J'.f of Aqu<ttic organisms, N. Holland 

Publ. Co, Amsterdam Reinhold, Book Division. N.Y. 314 p. 

R-Ils 
MUTUAL INTERACTIONS BETWEEN CD AND FE WHILE 

THE TOXIC EFFECTS ON SrnE MARINE FISHES 

Hatice PARLAK 

Ege University, Faculty of Science, 
Biology Department, Bornova, Izmir (Turkey) 

SUMMARY 
In this investigation, the mutual interactions between Gd and Fe while the 

toxic effects on Ghasmichtys gulosus had been studied using Gd-115 m and Fe-59 
as tracers. It has been shown from the results that Fe has synergistic or addi
tive effects on Gd accumulation and excretion. 
INTRODUCTION 

While the individual effects of heavy me·tals on marine organisms has been 
widely studied, a few studies exist concerning the uptake, accumulation and loss 
cf two or more metals in combination (NEGILSKI,l98l;BJERREGAARD,l982). 

Gd has been known as a highly toxic metal and has received considerable atten
tion for many years (PENTREATH,l977;TIIEEDE,l979;RASPOR,l980). Furthermore,it has 
been shown that part of the Gd is bound to soluble proteins like metallothicneis 
in the marine organisms (WIEDOW,l982;KO!lLER,l982). 

Fe is a major components of sea water and addi tionaly, the industrial fluxes 
includes Fe as one cf the pollutant. The accumulation of Fe in some marine 
organisms has been studied intensively (HOBDEN11969;FRAIZIER,l975)• 

No information is available concerning the interactions the uptake and 
excretion of Gd and Fe in marine fish. 

In the present study, the accumulation and excretion of Gd and Fe, their 
mutual inteactions is investigated in the marine fish Ghasmichtys eulosus. 

!<!ATERIAL AND METHOD 
In the experiments, radiactive Gd (Gd-115 m) and radioactive Fe (Fe-59) has 

been applied as tracers. Gd-115 m (0.007 mGi/1 t) and Fe-59 (0.013 mGi/1 t) has 
been used together with the carries as Gd (0.5 ppm) and Fe saturated sea water 
(0.26 ppm Fe), in single or paired combinations. Each tank includes 5 fish adop
ted to the laboratory condition for 15 days. Accumulation experiments has been 
carried on for 7 days and loss experiments for 25 days. furing experiments radio
activity in fish was measured pariodically in the "Armac" 4,. Scintillation counter. 

RESULTS AND DISCUSSION 
Fig.l and Table 1 shows an uptake and excretion curve of Gd-115 m in the whole 

body of fish.The accumulation for 7 days is 397 cpm/gr, and biological half life 
was 110.6 days (33%).The excretion curve of Gd-115 m could be approximate on semi 
:..ogaritmic graph and expressed as y~33e<'·~67eo.'t76\y .. radioactivity of the fish, 
e=exponential function, t~days after the beginninG of the excretion experiment). 

Fig l and Table l: Accumulation and excretion 
of Gd.-115 m by Ghasmichtys gulosus. 

On the other hand, when Fe 59 was added to the experimental medium,the uptake 
of Gd-115m raised up to 1102 cpm/g (Fig 2 and Table 2). The_;.,SC,:;fetio~1 ;~~ve of 
the Gd-115 m in the same medium could be expressed as y=24 e + 76 e and 

.,.,~r r ur. _ , ·- ''filliiBI 
l··t. ' ' ,, ' ' ' - ,, - •- ,,,,, .guFig10~2s,.u asn.i :b~e\~:~c~::~::t~o:: a~~~;:e~c::tion of - . .. Cd-115 m in the presence of Fe-59 by Chasmichtys 

It means that Gd accumulated rapidly also excreted considerably fast when Fe 
is added along with Gd to the medium. 

Fe-59 accumulation and excretion curve hae been in Table 3 and Fig 3.The up
take for 7 days e:~g~:itre ~-~~6f150 cpmfg.The excreti~n curve of Fe-59 could be 
expressed as Y=49e + 5le and biological half lJ.fe was 17 days (49%). 

·' I 
e://..,...t\._. 

l.r I -~~:~~ 
1; I ... <q ...... 

~ ~ --·;nu 1 

~ig 3 and Table 3: Accumulation and excretion 
of Fe-59 by Ghasmichtys gulosus. 

When the Gd-115m added to the medium the accumulation was 1933 cpm/g and the 
excretion curve of Fe-59 were expressed as y=56ec.stt+44e0

·
0':'.AJ.so biological half '"' ~cr:~·· ,, , ..,, 'Piilll 

~ r 1 .. ::.::~· _ .... _i___ii~iii_~.~.~: ,:~~~ ,: 
J ': •,;"'"'"""' ·Fig 4 and Table 4• Accumulation and excre~ion of 
1 

1 

'1 Fe-59 in the· presence of Gd-ll5m by Ghasmchtys 
I gulosus. 

It s~e;.~ 't~ '~e~n .. that i/ '(;d. 115m has been existed in the medium the uptake 
and excretion of Fe-59 was depressed. 
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THE l>bNTE (ARLO METHOD APPLIED TO CC1'1PlfTE THE ORGANISM IRRADIATION 

OF A GEOTHERMAL WATER OF AIN-FRANIN, AlGERIA 

Iulia I. GEORGESCU 0
, Mircea ONCESCU 00

, 

Abderrazak MESLI 000 and Sohbi BELLEBIA000 

o Polytechnical Institute, Faculty of Chemical Engineering, Bucharest 
(Romania) 
Institute for Physics and Nuclear Engineering, MG-6, Bucharest 
(Romania) 
Institut National d' Informatique, B.P. 89, Sidi-Bel-Abbes (Algerie) 

SummaJty : The AIN-FRANIN geothermal source, located on the sea side 

near ORAN, west of Algeria, has been investigated for the organism ir

radiation by applying the Monte Carlo method. It has been concluded, 

the doses concerning the gamma irradiation are under the 1 imits of the 

Safety Standards for Radiation Protection (1). 

In-tJtoduetion. The geothermal source of AIN-FRANIN has been investi

gated for gamma-radionuclides making use of a Ge(Li) detector coupled 

to a multichannel analyzer(l). Because some people take bath in this 

water, empirically for medicinal purposes, it was interesting to inves

tigate the irradiation of the organism when the body is totaly immersed 

in this water. 

Ma.teJtiat and Me-thod~. 60 liters of A-FR water by colloidal Mn0 2 was 

treated in view to extract rapidly some natural radionuclides (:2). The 

yield varied between 70-80% of the total radioactivity. After drying 

the Mno 2 precipitate at 65°C, it has been counted by means of a Ge(Li) 

detector coupled to a multichannel analyzer. The counting time was 16 

hours. 

For computer simulation by Monte Carlo method of the organism 

gamma irradiation, a cylindrical reservoir filled with water was model

led. In the center of the reservoir was placed a phantom which the com

position is that of a tissue with density P"' 1 g/cm 3 . The cylindrical 

reservoir has the height equal to 3m and the radius 1 m. The water 

contains the natural radioactive series of Thorium-232 and of Uranium-

238 respectively. 

For each member of the radioactive series the gamma radiation 

emission was simulated according to the decay scheme. The generation 

of gamma radiation trajectory and their interaction with water and 

tissue was simulated with adequate algorithms(3,4).For eacn gamma ra

diation, the energy transferred to the tissue through one or more 

Compton scatterings and through absorption were summed.Whenever a gam

ma radiation leaves the reservoir or is absorbed,its history is over 

and another gamma radiation is generated. 

Let Etr be the transferred energy to the tissue; the report 

between the energy Etr and the mass m of the tissue is equal to the 

absorbed dose D (5) : 

D = Etr/m 

From the desintegration number of Th-232 or U-238 one can know 

the activity used for computer simulation. With the help of reservoir 

volume one determine the radioacti vi! concentration of water; thus the 

constants for determination of organism gamma irradiation was obtained: 

0 .81x10-4 mrad/h 
pCi /l 

1 •2 x10 -4 mrad/h 
pCi /l 

Re~utu and Vi~e~~ion. With the found values of radioactive concen

tration for 232 Th (3.5!_0.2)pCi/l and 238u (2.3!_1)~>g/1, one obtains for 

gamma irradiation of the organism 

2. 8x10 - 4 mrad/h 0.52x10-4 mrad/h 

Cond~.ion~. The values obtained are much below the admissible level 

(1). We think that alpha and beta irradiation can be neglected. The 

Standards of the Agency (1) give the maximum admissible concentration 

for a man during a year: 

232 Th 200 Bq 
2 38u 2ooo Bq 

i.e. 5 pCi/1 

50 pCi/1 or 146 llg/t 

in supposition that a man has a need of about 3 liters water per day 

(for drinking and cooking) i.e. about 1 m3 water a year a man. 
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V-11 
APPROCHE PRELIMINAIRE DU ROLE D'UN ESTUAIRE SUR LE DETERMINISME 

DU RECRUTEMENT DE LA SARDINE EN MEDITERRANEE NORD-OCCIDENTALE 

A. ABOUSSOUAN 

Universite d'Aix-Marseille 2, Station Marine d'Endoume, Marseille (France) 

Introduction. 

En Medi terranee nord-occidentale, le golfe de Fos peut 

etre assimile a un milieu estuairien par sa proxj.mi te au Rhone et 

ses caracteristiques hydroclimatiques. Les oeufs et les larves de 

la sardine y ont ete inventories et leur repartition ainsi que leur 

abondance ont ete comparees avec celles issues des prospections marines. 

Resultats. 

Les oeufs de sardine . 

Il n' y a pas de ponte de sardine a proprement parler 

dans le golfe de Fos, les oeufs qu 'on y recol te proviennent des pontes 

marines proches d'ou ils diffusent passivement. 91,38 % des oeufs 

sont recol tes a la station la plus proche de 1 1 influence marine, 

36, 5 % sont ages de 48 heures et 55, 5 % de 72 heures. Leur densi te 

ne depasse pas 0, 83 /m3 alors qu 1 elle atteint 29 a 90 oeufs/m3 en 

mer. La production annuelle des oeufs dans le golfe de Fos est de 

53, 18. 10 
6 

par km2 tan dis qu 1 elle est de 25, 56. l<Y km2 sur les aires 

de pontes marines avoisinantes. La mort ali te des oeufs, dedui te de 

la frequence des anomalies du developpement embryonnaire est de 1, 4 

% dans le golfe de Fos mais peut atteinclre 50 % en mer et 90 % lorsque 

les oeufs sont recol tes dans le flux des eaux douces du Rhone. 

Il est done probable que les oeufs de sardine dans le golfe de Fos 

sont disperses sans rencontrer sur leur trajet le flux rhodanien, 

ce transport passif etant determine par les vents de secteur Est 

a Sud qui ont tendance a refouler vers 1 1 ouest et le nord les eaux 

du Rhone. 

Les larves de sardines. 

Le recensement larvaire met en evidence la periodici te 

de 1 1 envahissement du milieu et 1 1 existence de deux cohortes se succe-

dant dans le temps et coincidant avec 1 1 apparition des oeufs. 

L 1 envahissement progress if du milieu est correle avec la densi te 

larvaire, il s 1 accompagne simul tanement de la diminution des effectifs 

par classe de taille et de la croissance de la taille moyenne des larves 

de 1 1 a val vers 1 1 amont. Les taux de mortali te ( dedui te des structures 

demographiques) et la croissance journaliere de chaque cohorte ont 

ete calcules, mettant en evidence que dans le golfe de Fos la survie 

des larves est sensiblement meilleure qu 1 en mer alors que leur croissan

ce demeure du meme ordre de grandeur. 

La separation ecologique des composantes des populations 

a ete mise en evidence' il apparai t que les larves de sardines pour 

des tailles comprises entre 30 et 37 mm regagnent le milieu marin. 

Conclusions. 

Sans pr6jugcr des interprE-tations ul terieures des donnees 

on peut dire que le golfe de Fos parait jouer un role determinant 

sur le devenir des populations larvaires de sardine. Le sui vi de 

ces populations devrai t nous autoriser ou non a considerer le golfe 

de Fos comme un site privilegie du succes des generations annuelles. 

Dans 1 1 affirmative nous pouvons envisager pour 1 1 avenir une etude 

plus elaboree des fluctuations des populations et tenter une approche 

des relations stock-recrutement. 

Il faut noter par ailleurs, que la methode et les techniques 

de 1 1 echantillonnage des populations larvaires ayant ete maintenues 

semblables tant dans les prospections marines que celles effectuees 

dans le golfe de Fos, on peut considerer les donnees parfai tement 

comparables. Si le confinement spatial du golfe de Fos peut expliquer 

une meilleure accessibili te des larves de grande taille il ne peut 

mettre en cause la validi te de 1 1 echantillonnage. 
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PRESENCE DE SOLEA SENEGALENSIS i<AUP, 1858 DANS LES EAUX ALGERIENNES 

Djamal Eddine ALILI et Jean-Yves MARINARO 

I.S.M.A.L., B.P. 90, Alger-ler Novembre (Algerie) 

So.tea .t>e.ne.gai.e¥1..6-<..6 a ete decrite en 1858 par KAUP sur des echantillons 

provenant du Senegal. Son aire geographique a ensuite ete elargie par 

CHABANAUD (1927 et 1933) jusqu'a 1 'Ile d'Oleron. Elle n'est signalee 

que beaucoup plus tard en Medite=anee, d 'abord par RODRIGUEZ et RODRIGUEZ 

(1980) sur les cotes espagnoles, ensuite par GOUCHA et KTARI (1981) dans le 

nord de la Tunisie. En Algerie, elle avait jusqu'a present echappe a nos 

investigations, lorsque le 8 octobre 1984 nous avons obtenu sur un marche 

d'Alger 26 individus inmatures provenant d'un port de l'Est. 

Dans le tableau suivant sont repartees les valeurs des principaux caracteres 

biometriques observes. 

Rapports ou caracteres valeurs 

Longueur totale, LT en nnn 140 - 216 

Longueur de la tete/LT en % 19,2 

Hauteur du corps/LT en % 29,6 

Longueur de 1a aueue/LT en % 14, I 

Epaisseur /Hauteur. du corps en.% 22, I 

N. rayons dorsaux 80 - 83,5 - 87 

N. rayons anaux 64 - 67,4 - 72 

N. rayons Pectorale :~:enithale 7 - 8 

N. rayons Pectorale nadirale 6 - 8 

N. vertebres 43 - 45 

Notons la morphologie particuliere de l'urohyal chez cette espece 

(fig. I) qu' on ne pourrait pas confondre avec celui de So.tea vu.i.gaJc.M, 

QUENSEL, 1806 (fig. 2). 

Fig.l Fig.2 
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MOlNEMENTS DE PRISE DE NOURRITURE CHEZ SERRANJS CABRILLA (PISCES, SERRANIDAE) 

Houria BENMOUNA, Michel CHARDON, Bruno FOCAN'ro et Pierre VANDEWALLE 0 

Universite de Liege, Laboratoire de Morphologie Fonctionnelle, 
22 quai Van Beneden, Liege {Belgique) 

° Chercheur qualifi€ au Fonds National de la Recherche Scientifique de Belgique 

there is a great variability in duration, moment and e'Jen 
in the seizing movements.Such a variability in the sequence of food 
catching never been demonstrated previously in any other teleost. 

INTRODUCTION- La prise de nourr iture de la plupart des Poissons T eleosteens s 'e ffec
tue par un jeu d'agrandissement et de diminution des cavites buccale et operculaire. 
L 'agrandissement des cav i tes debute par une ouverture de la bouche ( accompagnee 
selon les especes d'une protraction), sui vie d'un abaissement du plancher buccal et 
de l 'abduction des joues, et en fin par l 'ecartement des opercules. Les ouies etant 
obturees par la membrane branchiostege passive. La phase de diminution des cavites 
debute par la fermeture de la bouche sui vie de 1 'elevation du plancher buccal et 
une adduction des joues. Enfin, les opercules se rapprochent du corps tandis que la 
membrane branchiostege s' en ecarte progressi vement. Ces mouvements sont tres rap ides. 
Il en resulte la creation d'une depression qui se deplace de la cavite buccale a la 
cav i te operculaire provoquant une as pi ration d' eau import ante et done 1 'aspiration 
de la nourr iture .Dans le cadre d' une vaste etude morpho- fonctionnelle des Serrans 
nous avons ete amene a etudier la prise de nourriture chez S .cabrilla . Dans 
la nature,ce poisson littoral , frequente aussi bien l 'herbier que les taches de 
sable ou que les eboulis rocheux. L 'analyse de ses con tenus stomacaux montre qu' il 
est mangeur d'animaux mobiles nageurs ou benthiques. Nous avons filme a grande vi
esse ( camera Photo Sanies 1PL) en aquarium, S. cabrilla prenant differents types 
de proies et nous presentons ici certains resultats issus de l 'analyse des films. 

ANALYSE DES RESULT ATS (TABLEAU). 
Nous avons analyse des prises de Guppy(proie de pleine eau), de crevettes vivantes 
( proie benthique et nageuse), de petits crabes ( proie benthique) et de morceaux de 
crevettes (proie martel .La prise de nourriture a ete divisee en trois phases. La 
premiere debute a 1 'ouverture de la bouche, la seconde au maximum de celle -ci et 
la troisieme a la fermeture de la bouche. Dans chaque phase, nous avons situe les 
mouvements de la bouche(B), de la machoire superieure(M.S), du plancher buccal(P.B) 
du suspensorium( SUS), du valet operculaire(OP) et du maxillaire(MX). 
Le tableau revele que: 

- la nourriture immobile sur le fond est prise plus rapidement que les , proies 
vi vantes; 

- l 'ouverture de la bouche est toujours accompagnee d'une protraction et precede 
les mouvements des aut res pieces; 

- les valets operculaires n' atteignent jamais leur abduction avant la fermeture de 
bouche. 

Il existe aussi une grande variabilite dans les mouvements de prise de nourriture 
et notamment dans: 
-la duree de chacune des phases; 
-le moment d' apparition des di fferents mouvements ( exemple : moment de la protrac-
tion de la machoire superieure (M.S); 

-1 'ordre d'apparition de ces mouvements (exemple : inversion dans 1 'ordre d'abduc-
tion du suspensorium et du valet opercula ire). 

Ces variations ne semblent liees ni au type de proie ni a sa position dans le 
milieu (pleine eau ou sur le fond). 

DISCUSSION- Depuis les premiers travaux sur les mecanismes de prise de nourriture 
chez les Teleosteens (ALEXANDER, 1969; OSSE, 1969; ... ), la variabilite de cette fonc
tion est progressivement mise en lumiere. Deja en 1972, BALLINTIJN et al. montraient 
des variations dans les moments d'actiyites de certains muscles qui ferment la bou
che. En 1976, ELSHOUD-OLDENHAVE et OSSE montrent des differences entre la prise 
de nourriture en pleine eau et sur le fond chez Gymnocephalus cernua. LIEM (1978) 
a montre des differences entre les activites des muscles et les mouvements des par
ties gauche et droi te de ia tete chez des Cichlides. LAUDER ( 1981) revere chez des 
Characins des variations d'activites musculaires en fonction de la proie. AKSTER 
et OSSE ( 1978) et VANDEWALLE et al ( 1983) mont rent que les muscles ne sont pas ho
mogenes dans leur structure et que leur mise en activite varie avec le mouvement 
a realiser. Nous mettons en evidence dans notre travail une grande variabilite dans 
le moment et l 'ordre d'apparition des mouvements necessaires a la prise de nourri
ture. S.cabrilla peut prendre sa nourriture au moyen d'une succession de mouvements 
di fferente de celle generalement admise chez les aut res Teleosteens. Cette variabi
lite renforce l' idee d' adaptabilite de 1' appareil buccal emise par LIEM en 
1978. Elle entraine le rejet de la notion de schemas moteurs stereotypes pour faire 
place a celle de patrons moteurs modulables, y compris dans la sequence des mouve
ments. 
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V-14 
PRESENCE OF ACANTHURUS t1JNROVIAE STEINDACHNER, 1876, LiMBRINA RONCHUS 

VALENCIENNES, 1843 AND ARt\OGLOSSUS KES~l.ERI Sct·tHDT, 1915 

(PISCES) IN THE SPANISH SoUTH MEDITERRANEAN (ALBORAN SEA) 

J. CRESPO and A. GARCIA 

Instituto Espanol de Oceanografia, Centro Costero de Fuengirola, 
Fuengirola, Malaga {Espana) 

INTRODUCTION 

From the late 70's on, new ichthyological species are being recorded in the 
Alboran Sea and adyacent areas with a certain frequency. Since Lozano Rey and 
Lozano Cabo, in the 50's, compiled compiled their great ichthyological work on the 
species surrounding Spanish waters, a period of relative inactivity in this field 
followed. An increment in the past few years in recording new findinBS in the 
Alboran Sea waters can be explained by an increase in oceanographic research, 
particularly in the fisheries research field. 

The province of Malaga, due to it's strategic situation, close to the Strait 
of Gibraltar seems to offer advantages in recording possible migration into the 
Mediterranean that could be mainly helped by the flow of the superficial Atlantic 
current. It is interesting to observe, that most records of new species to these 
waters have occurred during the invernal period, when the Atlantic current is more 
intense <Cano and Castilleja, 1968). 

In any case, we have to differentiate the species appearing in the present 
paper, which establish new records for the Mediterranean or of particular areas, 
such as, Acantburus ~. from other species registered which could have 
passed inadvertedly, probably due to systematical confusion with related species, 
such as, ~ ~and Arnoglossus ~. 

Acarrthurys monrpy:l ae Stei ndachper 1876 <Acant huri dae) 

The record of 'this surgeonfish represents a first register for European 
waters, since it's distribution is located around the Cape Verde Islands and in 
isolated are'as along the tropical West African coast from Morocco to Angola. 

A single specimen was fished by a local diver, which had seen the specimen in 
the company of another one, near the Marbella coast in the spring of 1981. 

This species proceeding from distributional areas rather far, could nat have 
passed inadverted to ichthyologists. Similar cases of species coming from far away 
distributional areas have been recorded recently, such as, Syngnathps rostellatus 
Nilsson, 1i55 <Syngnathidae) <Reina, Mufloz and Blasco, 1981> and ~ 
~ <Linnaeus, 1758) <Syngnathidae) <Reina, 1982) 

UJDbr1 na rgpchus Val gnc1 ennes 1843 <Sci en1 dae) 

Two exemplaires in the juvenile stage were captured by a local beach seine 
fishery in September, 1982, in the coast of the bay of Malaga. 

This species, new record for the Spanish southmedi terranean waters, is 
typically Atlantic, from Morocco to Senegal, although Giglioli <1881> <in 
Tortonese, 1975> finds it in the area of Messina. Other authors such as, Lozano 
Rey have also recorded it's presence in other areas of the Mediterranean, but 
according to Tortonese <1975), these records are mistaken with ~ canarl ensl s 
Valenciennes, 1843. 

Although ~ ~ could be considered rather rare in the western 
Medherranean, it seems quite possible to be present in our waters, due to the 
closeness to it's principal area of distribution. Similar examples are the cases 
of Pseydqpeneus ~ <Cuvier, 1829) <Mullidae), Opeatogenys ~ 
<Canestrini, 1864) <Gobioesocidae) and Hypqrhamphus ~ <Valenciennes, 1846) 
<Hemiramphidae) recorded by Reina and Mufloz <1984) and W!..l:= ~E. Geoffroy 
Saint-Hilaire, 1817, recorded by Crespo and Garcia <1981>. 

ArnqgJ ossus kess] eri Schmidt 1915 <Bgth1 dae) 

A total of 8 exemplaires of this species, from the eastern Mediterranean 
basin, appeared in the analysis of the catches of a local beach seine fishery near 
the Marbella coast in September, 1982. 

It's great resemblance to other species of this genus, particularly, A.._ :tllJu:1. 
Kyle, 1913 and a certain confusion with it's first descriptions, such as A.._ 

~ Bonaparte, 1837 <actually "nomen dubium" according to Torchia) could have 
made this species pass inadvertedly to the Western Mediterranean ichthyological 
fauna. But it's dorsal fin rays count being less than 80, without presenting a 
prolonged second dorsal spine, makes it easily distinguishable <Tortonese, 
1975) <Norman, 1934). 

Great similarities between species can lead to this case, such as, the 
recently recorded ~ ~ Dieuzeide, 1960 by Lucena, Abad and Garcia 
<1982) in the coastal waters of Almeria, which had been continously mistaken with 
1:... erythrl nus <Linnaeus, 1758). 
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V-Is 
NEW RECORDS OF SPHOEROIDES CUTANEUS (GUNTHER, 1870) (PISCES, TETRAODODONTIDAE) 

AND LOPHOTUS LACEPEDEI GIORNA, 1009 (PISCES, LoPHOTIDAE) IN THE t'lEIJITERRANEAN 

J. CRESPO, J. C . REY and A. GARCIA 

Institute Espanol de Oceanografia, Centro Costero de Fuengirola, 
Fuengirola, Malaga (Espana) 

New records on Sphoeroides ~ <Gunther, 1870) and~~ 
Giorna 1809,rather rare species,can help in defining their distributional areas or 
migratory patterns which they may observe. 

Three specimens of Sphoeroides ~ were captured <one in the locality 
of Ceuta <Strait of Gibraltar) and two in Almeria). 

This species is considered typical of the African Atlantic and it's presence 
in Mediterranean was considered sporadic. From it's f:!xr-<t capture in Balearic 
waters in 1979 <Oliver, 198l>,another 10 exemplaires have been fished, 5 in Sicily 
and 2 in Sardinia. <Vacchi & Cau, 1985). And like the fishermen of Cagliari, the 
trawl-fishermen of the bay of Almeria, actually know this species, although they 
consider it of recent appearance. Their catches in less than 100 mts depth, is not 
frequent but neither rare. 

These catches could corrobarate Fowler's hypothesis of 1928 <in Vacchi and 
Cau, 1985), stating that it's distributional area is not limited to the Atlantic. 

Catches of ~E~£~££!£~~ ~~!~~~~~ in the Mediterranean. 
Arrows indicate areaB in which their presence is not 

\lith regards to ~ ~ Giorna, 1809, knowledge on it's biology 
and migratory behaviour remains practically unknown. 

The recent catch of a specimen in the bay of Algeciras located in the Strait 
of Gibraltar in a younger stage <40 ems. long> than the previously reported by Rey 
<1983> and the description of it's larvae and young stages by Sanzo <1940> could 
mean that the reproductive area of this species is in the Mediterranean. 

However, although most of it's reports correspond to the Mediterranean area, 
there are some records in distant areas such as those of Gain and Erdman <1951) (in 
Rey, 1983) in the waters of Florida and Smith <1950) in South Africa. 
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V-I6 
IM'liGRANT FISH SPECIES IN SKADAR AND SASKO lAKES 

AND SCJ.ME THEIR SPECIFICITIES (fibNTENEGRO, YUGOSLAVIA) 

Borivoj KNEZEVIC, Sreten MANDIC and Ivo JARDAS 

Biological Institute,. Titograd (Yugoslavia) 
Marine Biology Institute 1 Kotor {Yugoslavia) 

and Institute for Oceanography and Fishery, Split (Yugoslavia) 

Abstract: - In Skadar and Sasko Lakes, through the Bojana River there 

enter 9 that is 1 0 marine :iranigrants spending in their waters shorter or 

longer pericds of time in order to spawn, feed, winter or get ready for 

spawning. 

Sl.li!IraiY: - There are 42 fish species living in Lake Skadar and 24 in Sasko 

Lake. Marine :iranigrants enter l::oth of than through the Bojana River connecting 

these t= lakes with the Mriatic Sea. 9 of these :iranigrants enter Skadar 

Lake and 10 Sasko Lake. AlrDng than especially interesting are the species 

Liza rall\3.da and Mugil cephalus staying here in order to prepare for spawning 

and feeding (fenales only) , while the populations of Alosa falax nilotica 

spawn in l::oth lakes, in spring time and fonn the so called "sanilacustric" 

population. Fran the fishes of family Acipenseridae the species Acipenser 

naccarii (endan of Adriatic Sea) and!!· sturio enter l::oth of the lakes. 

INTRCO!.LTICN: lake Skadar and Sasko lake by their trophical character 

belong to oligotrophic ones; through the Boja'1a River they permanently 

ccmnunicate with the Adriatic Sea. Due to this mnent in addition to the 

freshwater fishes, marine :iranigrants can be met. In Lake Skadar live 42 

fish species (over 20 species fran the family Cyprinidae) , while in Sasko 

Lake live 24 (12 species of the Cyprinidae family). To lake Skadar ccme 

9 and to Sasko lake 1 0 marine :iranigrants. 

MEI'HCO OF RESEAKlf: Fishing in the lakes was perfonned by stagnant nets 

with mesh diameter rating 4 to 160 rrrn, and electro-sh=ker of type Mofix 

of 5 KWA in period fran 1977 to 1978. Sexual cycle was given on the basis 

of macroscopic analyses of gonads, as well as on the basis of stu:lies of 

hystological sections in Alosa !_. nilotica fran Lake Skadar. For the ana

lysis of fishing dynamics on the lakes statistical data of eronanical 

fishery of "Ribarstvo" frcm Rijeka Crnojevica and "Agrop::>gon" fran Ulcinj 

were used. The age was detenninerl on basis of generation zones on the 

scales through "Bausch-Ianb" three simplex microprojectors with various 

increases. 

RESULTS AND DISCUSSICNS: The research perfonred has sha.m that there are 

10 marine :iranigrants entering the lakes. 'fuey are: Alosa falax nilotica, 

Liza ramada, ~ cephalus, Anguilla anguilla, Pleuronectes flessus, 

Citharus lignuatula, Dicentrarchus labrax, l\cipenser naccarii, !!=. sturio, 

Atherina ll'DCOOn (the last one only in Sasko lake. 

!!· i. nilotica, anadranic :iranigrant enters l::oth lakes fran the Adriatic 

Sea in order to spawn. On Lake Skadar there are multiplying places on 

"Tanki rt" and "Pijesci", while in Sasko lake that is the littoral part, 

the part with vegetation. This was recorded by J a n k o v i c (1971) and 

V u k o v i c ( 1961 ) • It spawns roe on sandy and mu:ldy terrain on depth od 

1 to 7 m. The period of intensive spawning is in March and April, and 

sexual maturity occurs in age of 3 + to 5 +. Our research also ccnfinns, as 

V u k o v i 6 ( 1961 ) registers, that a certain nunber of juvenile specimens 

of!!· !_. nilotica remains in lake until its first maturity, creating the 

so callerl "sanilacustric" population. J a n k o v i c (1971) also registererl 

this phenanenon in Sasko lake. 

Fran total of 6 fish SJ=eeies of family Mugilidae living in Adriatic Sea, 

to both lakes cane only Liza ramada and Mugil cephalus. ft' macroscopic ana

lysis of gonads of l::oth species it has been establisherl that in l::oth lakes 

there are only the populations of females. ~· cephalus migrates massively 

fran the sea to the Eojana River Wld to l::oth lakes during winter and spring. 

In sumner it spawns at the rrouth of' the Bojana River or in the sea, and 

than it canes back for wintering, feeding and preparation for spawning (so 

callerl physiological maturation of gonads). They mature sexually in the 

sixth year of age. ~· ramada spawns fran October until Novanber. Multi

plying places are at the rrouth of the Eojana River or at the littoral part 

of the sea. It canes to the lake after spawning at the end of November and 

~ Dec~r and it stays in the lakes during winter. They mature at age 

3 and 4 . In recent years the occurrence of Acipenser naccari (endemic of 

Adriatic Sea) and ?:_. sturio species is rare, rrost probably because of the 

specificities of their migratory ways. 
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THE TIMING OF RECRUITMENT OF MERLUCCIUS MERWCCIUS IN THE LIGURIAN SEA 

Lidia ORSI RELINI, Fabio FIORENTINO and Massimo CAPPANERA 

Labor a tori di Biologia Marina e di Ecologia Animale, 
Istituto di Anatomia Comparata, Universita di Genova, Genova (Italia) 

Abstract: Cohorts of M. mer>Zuccius were followed in their appearance and 

growth in nursery areas mainly based on monthly sampling over the pe

riod of two years. In the Ligurian sea two main recruitments occur, one 

in the spring and the other in the late autumn. 

In spite of a lot of work on Merluceius mer>Zueeius in the Mediterranean, a 

recent working group of F .A.O. has recommended further studies on the spa
wning cycle and the recruitment in different sectors (CGPM/GFCM 1982). 

In the Ligurian sea many samples of very young fish have been collected du
ring two national trawl surveys financed by the Ministero della Marina Mer

cantile: one on the coastal bottoms inside a three-mile limit (1982-83) and 

the other on a demersal resource· assessment in trawlable areas from 0 to 

700 m (1985). Both samplings were effected by trawls lasting one hour; the 

number of collected fish were 0 - 844 per sample. In particular the levels 

of' 20, 30, 50 and 90 m were trawled every month during the first two years 

with commercial gear for juveniles of cephalopods, having a cod end with 

6 mm sided meshes. This net allowed us to collect fish starting from 2.5 em 

total length, which probably represent the real beginning of their benthic 
life. 

In the length/frequency distributions of the youngest fish, mainly derived 

from samples collected at 90 m depth, some of the more numerous cohorts we

re followedin their growth during a period of six months. The patterns of 

the sagitta were also studied in the serilal samples. At the end of the in

dicated period the fish was considered 1 year old, thus ending its recruit 

phase. During the year more than 1 group of spats appeared as would be e

xpected considering the long spawning season of M. mer>Zueeius (cfr. Bouhlal 

1973). The general trend observed in our area is that two_ main groups appear 

every year, the first in November-December, and the second, in greater num
bers, in April-June. 

The growth of the recruits is shown in fig. 1: when they appear in the ca
tches they have a modal length of 4. 5-6 em and we have assigned them, also 

on the bases of observations of the spawning seasons, an age of 6 months. 

Over six months the two groups grow 5 or 6 em respectively in a linear fa

shion. A slowing down of growth was noticed in August-September, but this 

was soon made up for, particularly by the youngest fish during the subsequent 

fast winter growth. The patterns of the sagitta observed will be described 

in detail in another paper (Orsi, Cappanera, Fiorentino in preparation), 
but they are coherent with the age assigned to early recruits; the fish 

at about 12 em total length are one year old. It is interesting to compa-

re this value with the very similar one obtained by Adelbert (1981) in the 
Golf du Lion, working on sagitta readings of older fish and back-calculated 
ages. 
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Fig. l Growth of recruits of Merhwcius merluccius in the Ligurian sea. 

V-18 
OBSERVATIONS PRELIMINAIRES SUR L' ICHTYOFAUNE 

D'UN HERBIER SUPERFICIEL, L'HERB!ER DE PoSIDONIES DU RAcou (GOLFE DU LION) 

Philippe SELOUDRE et Claude CHAUVET 

Laboratoire de Biologie Marine, Universite de Perpignan, Perpignan (France) 

La Phanerogame marine, Posidonia oceanica (L) forme des prairies largement 
etendues sur les cotes de la Mediterranee. En depit de cette extension et de leur 
interet ecologique, peu de travaux ant ete publies sur l'ichtyofaune des herbiers de 
Posidonies : ZEI (1962) dans l'Adriatique, MASSUTI (1965) aux Baleares, BELL et 
HARMELIN-VIVIEN (1982-1983), HARMELIN-VIVIEN (1982, 1984) dans Ia region 
Provence-Cote d'Azur et en Corse. 

En Roussillon, ces herbiers se developpent le long de la cote rocheuse des 
Alberes, et presentent une faible extension. 

L'herbier du Raaou se situe a l'extremite nord de la cote des Alberes, a la 
limite entre Ia cote basse sableuse et la cote rocheuse; il represente l'un des 
herbiers lea plus etendus de Ia region. Cet herbier a Posidonia oceanica (L)., tres 
superficiel, est parseme de nombreuses petites etendues sableuses. L'etude de son 
ichtyofaune a ete abordee en utilisant des peches au filet (Gangui) et des 
observations en plongee sous-marine effectuees a une profondeur de 5-6 m. 

Lea peches ant ete realisees en Mars, Avril et Mai 1986. 
- 1 - Pendant la periode Mars-Avril (prelevements pratiques fin Mars et debut 

Avril), nous avons effectue une peche de jour et une peche de nuit. Chaque 
echantilion correspond a 3 traicts (Cette limite etant etablie en fonction de la courbe 
de richesse specifique aumulee). 

~---~~E!<e!!l~!!! __ ._._'!-_~"=.!1~ est caracterise par 17 especes reparties en 8 
families : Gadidae, Syngnathidae, Scorpaenidae, Sparidae, Gobiesocidae, Labridae, 
Gobiidae, Centracanthidae. 

i) Qualitativement, le peuplement est domine par les Labridae avec 8 especes, 
puis par lea Syngnathidae et Sparidae (2 especes chacune). 

ii) Quantitativement lea Labridae sont lea plus nombreux avec 58,75% du 
peuplement , Symphodus ocellatus etant l'espece la plus commune. En effet, celle-d 
represente plus de Ia moitie des Labridae (57 ,9%) et le tiers (33,8%) du peuplement. 
En terme ponderal, lea Scorpaenidae sent largement preponderants (56,4%), les 
Labridae representant 37,7% de la biomasse • 

!:!e_~!~!:~~!'_! __ ti.!~!:!'_~ permet de dresser une liste specifique de 15 especes 
appartenant a 6 families : Syngnathidae, Scorpaenidae, Sparidae, Labridae, Blennidae 
et Gobiidae. Comme precedemment, Labridae (64,5%), Scorpaenidae (16,6%) et Sparidae 
(11,9%) dominent quantitativement. Les Labridae representent la famille la plus riche 
avec 8 especes. Lea Scorpaenidae· sont lea plus importants si on prend en compte les 
biomasses (75,6%). 

- 2 - Au mois de Mai 1986, seule la phase diurne a ete echantillonnee (peche 
le 28-05-86), completee par des observations en scaphandre autonome. Ces analyses 
ont permis d'etabir une liste specifique de 22 especes reparties en 8 families : 
Gadidae, Syngnathidae, Scorpaenidae, Sparidae, Gobiesocidae, Labridae, 
Scophthalmidae et Gobiidae. 

Tant du point de vue numerique que ponderal, les Labridae et les 
Scorpaenidae dominent le peuplement, representant respectivement 66,3% et 21,5% du 
nombre total, et 47,7% et 50,4% de la biomasse totale. 

Qualitativement, le peuplement semble assez stable sur la periode etudiee. En 
effet, l'ichtyofaune recoltee dans cet herbier de Posidonies presente une richesse 
specifique totale de 23 especes. Quantitativement, quelques variations sont a noter 
chez lea Labrides, en ce qui concerne Symphodus cinereus qui presente une densite 
diurne plus elevee dans la recolte effectuee au mois de mai, que dans celle de mars
avril. Le comportement reproducteur de cette espece, qui nidifie au niveau des 
etendues sableuses de l'herbier (LEJEUNE, 1984), pendant cette periode (presence 
dans les prelevements de nombreux individus. en livrees nuptiales), permet 
d 'interpreter cette observation. 

Nuit (mars) Jour (avril) Jour (mai) 
Families % N % B % N % B % N %B 
-----------------------------------------------------------------------------
GADIDAE 1,69 3,01 1,09 0,77 
GOBIESOCIDAE 1,69 1,11 2,10 0,08 
SYNGNATHIDAE 4,51 1,57 3,93 2,61 3,15 0,83 
SCORPAENIDAE 15,51 56,40 16,66 75,65 21,05 50,44 
SPARIDAE 14,20 1,17 11,90 1,08 
CENTRACANTHIDAE 0,56 0,03 
LABRIDAE 58,75 37,70 64,56 19,38 66,31 47,71 
BLENNIIDAE 0,79 1,02 
GOBIIDAE 2,82 0,05 1,58 0,22 5,26 0,28 
SCOPHTHALMIDAE 1,09 0,09 
-----------------------------------------------------------------------------
Nombre total 
d'individus 
recoltes 177 127 95 

Distribution des di!ferentes families caracterisant le peup1ement ichtyologique de 
I'herbier du Racou (% N = Pourcentage Numerique ; % B = Pourcentage en Biomasse -
grammes). 
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STRUCTURES ET MOlNEMENTS DE LA NAGEOIRE DORSALE ANTERIEURE 
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SUMMARY - The first dorsal fin of the rocklings is lain in a groove. The first ray 
is well-developped. The following ones are very small and are attached in the 
membrane just at their base. The baseosts are fused. For each ray, there are only 
two of muscles : the erectores and the depressores. Inclinations are lacking 
The ray is moved only in a sagittal plane. Its erection results in that of the 
small rays. When they are erected, these small rays are animated by undulatory 
movements resulting of the contraction of the erector muscles playing the function 
of inclinatores. The result of these movements is a water stream in the groove where 
chemoreceptor organs are located. 

INTRODUCTION - Les Motelles presentent deux nageoires dorsales. La posterieure, tres 
longue est normalement developpee. La nageoire anterieure par contre est constituee 
de petits rayons precedes d'un plus grand. Cette nageoire, logee dans une gouttiere, 
est animee de mouvements ondulatoires (THOMSON, 19'12; POLL, 1947). 
Y-a-t-il une relation entre les mouvements et les structures particulieres de la pre
miere nageoire dorsale ? Pour repondre a cette question nous avons examine les na
geoires dorsales de trois especes : Motella mustela, Gaidropsarus vulgaris et 
Gaidropsarus mediterraneus. Les resultats sont identiques chez les trois especes. 

ANATOMIE DE LA NAGEOIRE DORSALE POSTERIEURE ( fig.1) - Elle est constituee de rayons 
mous, articules, doubles, enfermes dans une membrane qui s 'etend de leur base a leur 
sommet. Chaque rayon est articule sur un pterygophore constitue d'un baseoste et 
d • une axonoste. Un rayon est dote de trois paires de muscles : des erecteurs inse-
res d' une part a la base anterieure du rayon et d' autre part a l' axonoste et au septum 
median, des depresseurs fixes sur la base posterieure du rayon et sur l 'axonoste 
suivant, et des inclinateurs attaches sur les flancs des rayons et sous la peau. La 
combinaison des activites des six muscles permet les mouvements de la nageoire qui 
sont semblables a ceux decrits par GEERLIMK et VIDELER (1974). 

ANATOMIE DE LA NAGEOIRE DORSALE ANTERIEURE (fig. 2) - Le grand rayon et les petits 
sont constitues de deux tigelles articulees. Ils sont enfermes uniquement a leur 
base dans une membrane commune. A chaque rayon correspondent un baseoste et un axcruste 
Les baseostes sont unis en une seule baguette. Le grand rayon presente une paire de 
muscles erecteurs fixes a l' avant du rayon et sur l 'axonoste correspondant et une 
paire de depresseurs attaches a l'arriere du rayon et a l 'axonoste suivant. Les 
petits rayons sont mus aussi par deux paires de muscles : des d8presseurs ins8r8s 
a la base du rayon et a 1' axonoste suivant et les inclinateurs fixes lateralement 
sur les rayons et les axonostes correspondant. 

MOUVEMENT DE LA NAGEOIRE DORSALE ANTERIEURE - L 'analyse de films montre que la 
nageoire est couchee au repos et toute acti v ite ondulatoire est precedee d 'un 
redressement de tous les rayons. Pendant les ondulations le premier rayon reste 
immobile tandis que les petits rayons sont animes de mouvements lateraux. Les mouve
ments lateraux d • un rayon sont en retard sur ceux du rayon qui le precede et en 
avance sur ceux de celui qui le suit. Il en resulte une ondulation. Le deplacement 
de particules montre que l 'ondulation cree un courant d' eau d' avant en arr iere. 

DISCUSSION - La premiere nageoire dorsale est mains complexe que la seconde. Les 
baseostes sont soudes et chaque rayon n' a que deux paires de muscles au lieu de 
trois. Le premier rayon presente des erecteurs et des inclinateurs seriellement 
homologues de ceux de la dorsale posterieure. Les petits rayons ant des inclinateurs 
et des depresseurs. Cependant ces inclinateurs ne sont pas homodynames de ceux de 
la dorsale posu;rieure. En effet, comme ces derniers sont inseres sous la peau, 
les inclinateurs de la premiere dorsale devraient 1 'etre aussi. La nageoire etant 
dans une gouttiere, ils seraient orientes vers le haut et auraient done peu d'effets 
sur les rayons. Les inclinateurs sont probablement des erecteurs dont les insertions 
sont deplacees lateralement. Ainsi le premier rayrm assurerait seul et uniquement 
le redressement de toute la nageoire, les petits rayons ayant pour role de creer 
un courant d'eau dans la gouttiere ce que montre les observations filmees. Cette 
specialisation des structures associee a leur simplification limite les possibilites 
de mouvements mais en augmente leur efficacite collective. 11 en resulte une meil
leure percent-inn chimique du milieu par les chemorecepteurs de la premiere nageoire 
dCJrsale et de la gout tiere (THOMSON, 1912; KORTCHAL et WHIT EAR, 1985). . . 

Fig. 1 - Gaidropsarus medi terraneus. 
Vue de cinq rayons de la nageoire dar
sale poster ieure. La musculature des 
deux derniers rayons n 'est pas repre
sentee. Les inclinateurs du troisie
me ont ete enleves. 

Fig. 2 - Gaidropsarus medi terraneus. 
Vue de sept rayons de la nageoire ante
r ieure. Seule la musculature des trois 
premiers rayons a ete representee. Comme 
a la figure 1 les zones quadrillees re
presentent le cartilage. 

ABREVIATIONS - A : axonoste; B : baseoste; D : muscle depresseur; E : muscle 
erecteur ; I :muscle inclinateur; L :rayon ou lepidotriche; MB:membrane interradiaire 

REFERENCES 
GEERLINK, P.J. and V!DELER, J.J. (1974). Joints and muscles of the dorsal fin of 
Tilapia nilotica L. (Fam. Cichlidae). Neth. J. Zool. 1 ~. 279-290 
KORTCHAL ~d WIT HEAR, M. ( 1985). Structure and innervation of the first dorsal 
fin in rocklings (Gadidae, Teleostei) : a chemosensory organ .. In fifth congress of 
European Ichthyologists. Abstracts, p. 95. 
POLL, M. (1947). Faune de Belgique, poissons marins. Ed. Patrimoine du Musee Royal 
d'Histoire naturelle de Belgique, 453 p. 
THOMSON, J.S. (1912). Dorsal vibratile fin of the rockling (Motella). Quatr. J. 
~heros. Sci., ~. 241-256 

Ce travail est subsidie par le Fonds National de la Recherche Scientifique de 
Belgique (programme n° 3.9006.78). 

225 
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CARACTERISATION BIOCHIMIQUE DE 4 ESPECES DE PO!SSONS MARINS 
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SUMMARY - SDS - and urea-polyacrylamide gel electrophoresis revealed subtle 
differences between the myosin light chains and parvalbumins of muscles from closely 
related fish species. This method could thus be very useful for their identification 

INTRODUCTION - Dans le cadre de 1' analyse biochimique des muscles de poissons, nous 
nous sommes interesses plus particulierement a l'etude comparative de la ~-1YOSINE et 
des PARVALBUMINES de differents poissons marins par electrophorese sur gel de polya
crylamide (PAGE). La contraction musculaire resulte de l' interaction au sein des 
myofibrilles des filaments fins d 'ACTINE et des filaments epa is de MYOSINE. Cette 
myosine est un hexamere compose de deux chaines lourdes (HC, ZOO KD) et de quatre 
chaines legeres ( LC, 16 a 25 KD) ( 1). Ces chaines lege res sont specifiques : leur 
poids moleculaire, leur charge electrique et leur stoechiometrie sont un excellent 
critere d'identification du type de muscle (blanc ou rapide, rouge ou lent) et de 
l 'espece examinee (2,3). Le sarcoplasme des fibres musculaires des vertebres aqua
tiques est caracterise par une teneur notable(300 M/kg de poids frais) en protei
nes de faible poids moleculaire (11 KD) fixant des ions calcium (2Ca++/~t1). Suivant 
leur charge electrique ont distingue plusieurs isotypes,particuliers au type muscu
laire et a l 'espece ( 4, 5). Nous a vans mis en evidence les variations des sous-unites 
de la myosine et des parvalbumines au moyen de 1' electrophorese sur gel de polyacry
lamide en presence d'agents dissociants tels le dodecylsulphate de sodium (SDS) ou 
l' uree 8 M. Les proteines mig rent dans le champs elect rique en fonction de leur char
ge et/ou de leur poids moleculaire (3). Nous avons mis a profit le pouvoir de reso
lution tres eleve de cette technique et la specificite des proteines musculaires 
deer i tes pour di fferencier deux especes de SERRANIDAE et deux especes de 
SCORPAENIDAE. Nous avons analyse un muscle blanc rapide, le muscle latera-dorsal du 
tronc et un muscle en principe rouge lent, appele muscle de la ligne laterale. 

RESUL TATS - SERRANIDAE : Serranus scriba et Serranus cabrilla sont deux especes tres 
proches occupant presque la meme niche ecologique. Leurs habitudes alimentaires et 
leurs comportements sont tres semblables. On les distinguent uniquement grace a des 
differences mineures de leur morphologie ext erne. Nous avons note la presence unique 
dans les deux types de muscle d'une myosine de type blanc rapide (6). L 'electropho
rese en presence de SDS de cette myosine revele cependant (Fig. 1) une difference 
mineure mais reproductible du poids moleculaire de leur chaine legere L~ de '!: BOO D. 
Leur sarcoplasma contient deux isotypes di fferents de parvalbum1nes ma1s le plus 
lent apparait specifique de 1 'espece examinee (Fig.Z) : il correspond au type III 
chez Serranus scriba et au type IV chez Serranus cabrilla. Le plus rapide de type II 
est commun aux deux especes. SCORPAENIDAE:leSmyosines des deux especes de rascas
ses etudiees, Scorpaena scrofa et Scorpaena notata se revelent a l' electrophorese de 
type blanc rapide et formeesde sous-unites identiques (Fig. 3) par leur charge, 
poids moleculaire et proportions. Seules les parvalbumines permettent leur identifica
tion (Fig. 4). Nous observons les isotypes III et IV chez les deux especes mais on 
remarque une charge electrique plus elevee de l 'isotype I I I dans les muscles de 
Scorpaena notata 

DISCUSSION - Les fibres des muscles de ces quatre especes de poissons marins con
tiennent presqu' exclusi vement une myosine de type blanc rap ide. Cette myosine est 
typique des muscles de poissons : les chaines legeres montrent une charge electrique 
et un rapport LC3/LCJ plus eleves que chez les vertebres superieurs. L 'electrophorese 
sur gel de polyacrylamide en milieu dissociant des myosines et des parvalbumines de 
poissons a revele pour des especes connues proches deux a deux des differences subti
les entre les chaines legeres de la myosine et entre les parvalbumines. Cette metho
de pourrait s'averer tres utile pour rechercher si des populations ou des groupes 
de poissons tres proches constituent des especes ou non. De plus l 'etude des 
parvalbumines, proteines tres stables (resistent a 100°C), pourrait aussi ai-
der a identifier certains poissons trai tes a des fins commerc iales. 

Ce travail est subsidie par le Fonds National de la Recherche Scientifique 
(programmes F .R.F .C. n° 2.9005.84 et F .R.S.M. n° 4.4513.85). 
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V-II1 
CO"'PARAISON DU CYCLE SEXUEL DE DEUX ESPECES 

DE SoLES D'ALGERIE (TELEOSTEENS, SOLEIDES) 

B. BELAID, J. Y. MARINARO et T. MOHAMED I 

ISMAL, B.P. 90, Alger-ler Novembre, Alger (Algerie) 

Le cycle de Mietwc.h.i.Juu, a.ze.via (Capello, lfl68) et celui de Sotea mtllu:ta 

(Pallas, I8II) ont fait 1 'objet d'investigations dont les resultats, partie11e

ment publies (BELAID et MARINARO, !983; GRIM, I98I), mettent en lumiere de 

nombreux caracteres si ngul i ers. 

L'observation d'ovaires en ponte presque toute 1 'annee ne permet pas la 

delimitation precise de la periode de reproduction. Cependant, 1 'importance rela

tive de ce stade varie beaucoup d'un mois i! 1 'autre; e11e atteint son maximum 

de jui n a octobre chez M. a.ze.via, d 'avril a septembre chez S. mtllu:ta. 

%~en ,'' RGS 

.e ponte ' 

~.: / 
t 

La ponte d 'un meme individu 

dure probablement plusieurs mois 

( ~ ou 4) . Ell e s 'effectue en eta pes, 

nombreuses et si discretes chez 

% Q en 

pon~,',' 

RHsr;_ 

RGS 

I 

,I 
: :\, S .nazuta 
:PoMrr:~ 
+----~·· ·I 

-~-·. 
1 / ; : ·- .... 

I I 
I I 

M~azevia 1 po"rE 1 

M. a.ze.via qu 'e 11 es ne modifi ent 

presque pas la structure micros

copique de 1 'ovaire (absence en 

parti cul i er de 1 acunes post-ovu-

1 atoi res), moi ns nombreuses rna is 

p1 us apparentes chez S. mtllu:ta oO 

e11es induisent parfois des cas de 

fl uence ovari enne. Ce processus 

rythmique a ete demontre par LAGAR

DERE (!982) chez un autre so1eide, 
4 

Vic.o!ogogl.ou.a. c.une.a.ta. 

La chute du rapport gonado

somatique (R.G,S.) est sensiblement 
2 contemporaine de 1 'emission des 

oeufs. 

Le rapport hepato-somati que 

est maximal pendant la perfode de 

ponte. Temoin de 1a participation 

du foie dans la mobilisation des 

reserves, i1 confirme la compati

bi1 i te de 1 a vite 11 ogenese et de 

1 'emission des ovules. 

Le stade de post-ponte s 'ob

serve toute 1 'annee chez s. mtllu:ta 

• oO sa duree individue11e probable 

est d' environ 5 moi s. I1 s 'accom
pagne d'une atresie ovocytaire considerable, liee peut-etre a 1 'habitat c6~ier 

de cette espece, dans des zones souvent perturbees par les activites humaines. 

Chez M,,, a.ze.via au contraire, ce stade n'apparait jamais car la quasi-totalite 

des ovocytes en vite11 ogenese est emi se et 1 es fi guF"es d 'atresi e sont rari ss imes. 

C'est le cas des soleides examines par DENIEL (I98I) sur les c6tes de Bretagne. 

Entre deux cycles annuels, la gonade femelle ne passe pas par 1 'Hat de repos 

sexuel. En effet le renouvellement du stock des petits ovocytes s 'effectue pen

dant la ponte ou la post-ponte et 1 'accumulation du vitellus reprend,discretement, 

auss it6t a pres. Parmi 1 es phenomenes qui caracteri sent ce debut de vite11 ogenese 

on note chez S. mtllu:ta 1 'apparition a la peripherie de 1 'ovocyte de petites vesi

cules definies par BRUSLE (!982) comme des grains de secretion. A ces vesicules 

s 'ajoutent chez M. a.ze.via de grosses vacuo 1 es qui prennent na i ssance dans 1 es 

replis de 1 'enveloppe nucleaire. Frequemment observees en microscopie photonique, 

elles justifieraient une etude ultrastructurale. 

BELAID B. et J. Y. Mt'IRINARO, !983. Ra.pp. Comm, in-t. Me.Jt M~dU.,28 (5) 59-60. 

BRUSLE s., !982. These Universite Perpignan. 
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GRIM Z., !983. Ra.pp. Comm. In-t. Me.Jt Me.dU., 28 (5) : 63-64. 
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V-II2 
CONTRIBUTION A L1ETUDE DE L' ItNERSJON SEXUELLE 

DE LA GIRELLE CaRIS Juus (lABRIDE PRoTEROGYNE) 

Laurence BESSEAU et Claude CHAUVET 

Laboratoire de Biologie Marine, Universite de Perpignan, Perpignan (France) 

En 1957, BACCI et RAZZAUTI d'une part, et REINBOTH d'autre part mettent en 
evidence !'existence d'un hermaphrodisme proterogyne chez Ia girelle, Goris julis. 
Ces auteurs montrent que, parallelement a !'inversion sexuelle, apparaissent des 
modifications de la Iivree. Ainsi, la livree "giofredi", peu coloree, caract8rise les 
femelles et les males primaires, tandis que Ia livree "julis" vivement coloree, 
concerne les males issus de !'inversion sexuelle, appeles males secondaires. 

La proterogynie est-elle un phenomene general affectant !'ensemble des 
femelles d'une population, ou bien s'applique t-elle a certaines d'entre elles 
seulement dont il conviendrait de determiner les caracteristiques ? 

151 Goris julis ont ete mesurees, leurs otholithes ont ete observes et ont 
permis de determiner !'age de chacune d'entre elles. Para!lelement, des observati(Jns 
macroscopiques et des coupes histologiques des gonades ont ete effectuees. 
Les animaux se repartissent comme suit: 

Etat sexuel nb % 

femel!es 107 70,9 
males primaires 18 11,9 
milles secondaires 16 10,6 
en inversion 10 6,6 

La repartition des individus en fonction de Ia longueur (Ls) (fig. 1) montre 
dans notre echantillonnage : 

- la presence de femelles dans toutes les classes de taille. L'effectif diminue, 
apres un pic dans la classe 12-13 em ; 
- les males primaires sont de petite taille (toujours inferieure a 13 em) ; 
- les milles secondaires ont une taille toujours superieure a 12cm. 

La repartition des girelles en fonction de !'age (fig. 2) montre que Ia 
diminution des effectifs est decalee suivant l'etat sexuel des individus. Elle a lieu a 
partir de la cinquieme annee pour les femelles et les males primaires alors que le 
nombre des maJes secondaires augmente encore pendant la cinquieme annee, pour ne 
diminuer que Ia septieme annee. Ces males secondaires ne peuvent done provenir 
que des groupes precedents. De plus, l'analogie et Ia chronologie qu'ils montrent 
avec lea animaux en inversion prouvent qu'ils _ne proviennent que du seul groupe 
des femelles. 

L'inversion sexuelle se produit entre 3 et 6 ans, chez des animaux dont Ia 
taille (LS) est au mains egale il llcm. 

Par ailleurs nous avons compare statistiquement Ia croissance dans chacun des 
groupes sexuels. Ce travail montre que : 

- A age ega!, femelles et males primaires ont Ia meme taille. 
- A age ega!, maJes secondaires et animaux en inversion ont Ia meme tai!le. 
- Les males secondaires sont plus ages et plus grands, en moyenne, que les 
femelles. 
- Les individus en inversion sont, en moyenne, plus grands que les femelles. 
Ainsi seules lea plus grandes femelles subissent une inversion sexuelle. 

L'etude de la distribution de frequences des girelles en fonction de Ia tail!e, 
de !'age et de l'etat sexuel du lot d'individus etudies, a permis de caracteriser le 
phenomene de proterogynie chez cette espece. 

L'inversion sexuelle a lieu chez les plus grandes girelles femelles, vers !'age 
de 6 ana. Parallelement a Ia transformation de Ia gonade, !a livree femelle de typ" 
"giofredi" se modifie en livree "julis", 

Les observations histologiques (BESSEAU, 1984) ot cytologiques (BRUSLE, 1985 
com. pers.) montrent des differences structurales entre les testicules des deux types 
de males permettant de preciser que les males primaires n'evoluent pas en mil.les 
secondaires. Ces derniers ne proviennent done que de !'inversion des femelles • 

Le processus d'inversion n'affecte que lea plus grosses femelles, ce qui 
conduit a evoquer le probleme du contr61e social de !'inversion chez cette espece 
(BENTIVEGNA et CIRINO, 1984). En effet, ces auteurs ont obtenu, experimentalement, 
!'inversion sexuelle de Ia plus grosse femelle d'un groupe de femelles soustrait a Ia 
dominance de mB.les secondaires. En revanche, aucune inversion dans un groupe 
similaire n'a ete observee en presence de males secondaires. Selon ces auteurs, Ia 
presence de milles secondaires constitue un facteur inhibiteur de !'inversion· sexuell<: 
chez Caris julis. 

Nos resultats, obtenus chez des animaux issus du milieu nature!, montrent que 
la taille des femelles est un facteur determinant de !'inversion sexuel!e. Cette 
remarque conforte done ]'idee d'un controle social de !'inversion sexuelle, chez Ia 
girelle. 
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V-II3 
CYCLE SEXUEL ET PERIODE DE PONTE DE SERRANUS SCRIBA DANS LE GOLFE DE GABES 

Abderrahmen BOUAIN 

Ecole Nationale d'Ingenieurs, Sfax (Tunisie) 

SU~\~1ARY : Painted Combers (serranus scriba) from gulf of Gabes (Tunisia) were examined for 

determination of sexual cycle and spa~<ning season. This study ~Vas carried out with parting 

of batches of coastal fishes from deep water ones. 

INTRODUCTION : 

serranus scriba est present sur toutes les cOtes tunisiennes, jusqu•a une profondeur 

de - 50 m environ. Dans le golfe de Gabes, la coloration generale de ce poisson se modifie 

selon la profondeur oO il vit : la teinte generale du corps varie du gris noir (cote : 0,5 

a 5 m) au rougeatre (large : 40 a 50 m). 

Dans ce travail nous avons etudie le cycle sexuel et la periode de ponte des. scriba 

en separant 1es individus de la" cOte" de ceux du 11 large 11
• 

MATERIEL ET METHODE : 

Nous a vans effectue des prelevements hebdomadaires (1982 - 1984) de poissons provenant 

de la " cote " et du " large " • Sur chaque poisson nous avons releve la longueur standard 

(Lst), la masse des gonades (\Jg) et la masse de l'animal eviscere {llv). Nous avons calcule 

le rapport gonado-somatique RGS = ~ x 100. 

En raison de la difference de poids entre les gonades des individus de petite taille 

et des individus de grande taille, nous avons scinde chacun des groupes " serrans cotiers " 

et " serrans du large " en deux classes (Lst : 9 - 13 em ; Lst 13 em). 

Nous avons represente graphiquement le RGS en fonction des mois. 

RESUL TATS : 

En ce qui concerne le groupe " cotier " la periode de reproduction des petits et des 

grands individus se situe entre juillet et septembre (fig. 1) mais le maximum de developpe

ment des gonades est a ttei nt en a out pour 1 es premiers et en jui 11 et pour 1 es seconds. !1 

existe done environ un mois de decalage dans la ponte des individus de ces deux classes de 

taille. 

Pour le groupe du" large "·la periode de reproduction s'etale prati_!juement sur six 

mois d'avril a septembre {fig. 2),1es grands individus commencent a se reprqduire des le 

mois d'avril et les petits individus seulement en juin . La periode de ponte principale se 

situe en juillet pour-les premiers en septembre pour les seconds. Si on reunit les grands 

et les petits individus (fig. 3), on constate que les serrans du " large " commencent a se 

reproduire 3 mois avant ceux de la " cote " (avril - septembre pour les premiers ; juillet 

septembre pour les seconds). 

DISCUSSION ET CONCLUSION : 

L'observation histologique nous a montre (BOUAI~. 1~84) qu'au niveau de la popula

tion des serrans, les gonades _presentent des oeufs murs pendant 6 mois de 1 'annee. 

Pourtant Ia structure de 1 'ova irene presente pasd'elements permettant d'a<inettre 

une ponte individuelle aussi etalee. La separation des serrans en deux groupes (cote et 

large) et la J;vision de chacun d'eux en indiviJus Je petite et de grande taille donne 

des intormations supplementaires : les cycles sont un peu plus courts ; les individus du 

" large 11 sont a maturite avant ceux de la u cOte 11
• 

En conclusion les differences temporelles enregistrees dans le cycle sexuel, venant 

s 'ajouter a celles dec rites au niveau du patron de coloration posent la question de 1 'exis

tence eventuellc de deux populations des. scriba dans le golfe de Gabes comme cela a ete 

suggere pours. cabrilla vivant sur les cotes mediterraneennes fran,aises (OLIVER et Call. 

1980). 
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V-Il4 
DONNEES SUR LA REPRODUCTION DE PAGRUS CAERULEOSTICTUS 

DU GOLFE DE GAsEs (SUD-EST TUNISIEN) 

Nadia CHAKROUN-MARZOUK et Fredj KARTAS 

Laboratoire de Biologie Marine et d' Oc€anographie, 
Facult€ des Sciences, Campus Universitaire, Tunis (Tunisie) 

Les observations que nous rapportons ci-dessous concernent le cycle sexuel et Ia 
reproduction de Pagrus caeruleostictus sparide tres abondant dans le golfe de Gabes 
(sud-est tunisien). 

Organisation gonadique 
L'observation macroscopique des gonades, tout au long d'une annee, de 880 individus 

de 8 a 63 em de longueur a Ia fourche, ne laisse pas de doute sur le caractere 
gonochorique de respece, pourtant les examens histologiques pratiques sur 340 
exemplaires, pris a differents ages et au cours des diverses saisons, ont mis en 
evidence, chez un grand nombre de males, Ia presence d'une cavite ovarienne sans 
elements germinaux, au niveau des testicules, ce qui laisse presumer que Ia gonade est 
initialement bisexuelle. L'absence apparente de territoire male, dans les ovaires de Ia 
totalite des femelles examinees, serait due au fait que celui-ci est reduit a !'extreme et 
n'est represente que par quelques spermatogonies difficiles a distinguer des ovogonies. 

Sex-ratio 
Sur 683 exemplaires, 360 sont des femelles et 323 des males, soit respectivement 

en pourcentage 52,71 et 47,29. II n'y a pas de dominance statistiquement significative 
d'un des sexes par rapport a !'autre. Cette repartition numerique des sexes reste 
inchangee en fonction du temps et ne semble pas evoluer, non plus, en fonction de Ia 
taille du poisson. 

11 est done permis, a Ia lumh}re de ces observations, de considerer Pcaeruleostictus 
comme un hermaphrodite rudimentaire ou a Ia limite un gonochorique secondaire. 

Cycle sexuel 
D'apres le suivi mensuel du rapport gonado-somatique des femelles, plusieurs etapes 

peuvent etre distinguees : periode de prematuration de fevrier a avril; periode de 
maturation, rapide, d'avril a juillet; periode de ponte, assez etalee, de juillet a octobre; 
periode de repos sexuel de novembre a fevrier. Ainsi ce processus de maturation des 
gonades et de ponte s'etale sur une longue periode durant six mois environ. 

Les males sulvent une evolUtion cyclique analogue a celle des femelles; cependant les 
ovaires sont nettement plus lourds que les testicules; ainsi pour une femelle de 22 em 
le poids maximum observe des gonades est de 38,43 g contre 25,07 g pour un male de 

memetallleet leR.G.Sestde 16contre 10pourunmale. 

Tallie de premiere maturlte 
L'evaluation par classe de taille du pourcentage d'individu mOrs et immatures, durant 

Ia periode de reproduction, au moment ou les gonades sont a leur developpement 
maximum, montre. que les plus petits males mOrs mesurent 14 em de longueur a Ia 
fourche (contre 12 em pour les femelles ) et les plus grands immatures 20 em (contre 
19 em pour les femelles). La tallle a laquelle SO~ des males sont adultes est egale a 
17 em (contre 14 em pour les feme lies) et celle a laquelle 1 00~ des exemplaires le sont 
est de 21 em (contre 20 em pour les femelles). 

Signalons !'existence d'un dimorphisme sexuel chez Pcaeruleostictus se traduisant 
par trois caracteres sexuels secondaires qu'on retrouve chez les individus males de plus 
de 13 em. Ces caracteres, toujours perslstants, deviennent plus accentues au moment de 
Ia reproduction et chez les individus ages. II s'agit de Ia presence d'une coloration 
jaune-orange qui s'etale sur le menton,le museau et J'espace interorbitaire, de deux 
bandes noires visibles de chaque cote de Ia tete, au dessus des yeux et d'une convexite 
du museau beaucoup plus prononcee que chez les femelles. 

Ftkondite 
L'observation des ovaires, au maximum de leur developpement, montre que le diametre 

des ovocytes varie de 100 a 625 microns et presente une distribution de frequence de 
taille bimodale. Le diametre moyen du premier mode est de 250 microns alors qu'll est 
de 550 microns pour le second. Seuls les ovocytes de ce dernier, mesurant entre 450 et 
650 microns, sont retenus pour restimation de Ia recondite absolue et de Ia fecondlte 
relative. Les equations liant Ia fecondlte absolue a Ia longueur du poisson (LF en em), au 
poids total du poisson (Wp en g) et du poids des gonades (Wg en g) sont les suivantes : 

F 0 422 LF 3•9684 

F - 2208 wg 1.2335 

F • 38 Wp !.3880 

Statistiquement Ia recondite croit proportionnellement au cube de Ia longueur et varie 
entre 19.621 et 1.166.955 ovocytes pour des tailles comprises entre 15 em et 42 em. 
Pour une taille moyenne de 20 emelle est de 61.445 ovocytes. Elle croit d'une fa~on 
isometrique par rapport au poids des gonades (fecondite relative moyenne egale a 2208 
ceufs par gramme d'ovaire) et presente une allometrie majorante par rapport au poids du 
poisson: pour un poids corpore! moyen de 196 g Ia fecondite est de 57.734 ovocytes. 

I 
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NOTE SUR L

1
HERMAPHRODISME DU SPARIDE SPARUS AURATUS 

OBSERVATIONS DE FEMELLES PRIMAIRES DANS LA BAlE DE TUNIS 

Claude CHAUVET 

Laboratoire de Biologie Marine, UniversitE de Perpignan, Perpignan (France) 

Sparus auratus est une espece hermaphrodite dont Ia periode de ponte en 
Tunisie se situe en novembre - decembre et dont Ia premiere maturite sexuelle se 
situe des la deuxieme annee de vie soit au Groupe d'age I. Les captures de cette 
espece ant ete regulierement echantillonnees en Baie de Tunis entre 1978 et 1981. 
Durant ces quatre annees, il a ete trouve dans les groupes d'age I et avec une tres 
faible variation annuelle (CHAUVET, 1986): 

40,7 % de femelles 
39,1 % de males 
20,2 % d'immatures 

Etant donne leur age ces femelles (2•••• annee), sont des femelles primaires. 
Cette decouverte est interessante car : 

1 - Elle restreint le nombre de scenari sexuels decrits pour les Sparides 
protandres (comme par exemple dans LISSIA FRAU and CASU, 1968 et LISSIA FRAU 
et call., 1977). La daurade rejoint done le type Lythognatus mormyrus (SUAU, 1955), 
Pagellus acarne (REINBOTH, 1962), Diplodus annularis (SELEKHOVA, 1961), comme l'a 
deja fait Boops salpa dont le scenario sexuel decrit par LISSIA FRAU (1966) fut 
complete par MICHELE et LAFAURIE (1974) et MALO-MICHELE (1977). 

2 - Elle concretise !'hypothese de REINBOTH (1963) qui remarque que Ia 
premiere maturation en tant que femelle primaire de Sparus auratus n'est pas 
impossible etant donne les observations histologiques de D'ANCONA (1941) et 
PASQUALI (1941) confirmees d'ailleurs plus recemment par ZOHAR et al., 1978 et 
ZOHAR et a!., 1983. 

II n'est pas impossible qu'avec !'augmentation du nombre des investigations 
durant les annees futures, nous puissions ramener taus les cas d'hermaphrodisme 
(selon Ia definition de D'ANCONA (1956) = ambisexualite de REINBOTH, 1970) au schema 
simple inspire de celui de MALO-MICHELE (1977). 

lOO % ~~-~!-fe-me-1-le_s_p-rl-.m-ai,-re_s ____ _ 

t. [<r] i :~les ~ 
[~ J ~ femelles ~ 

' males primaires 

temps 

[ ] genies 
-- conjonctif 
C.G.P. cellule germinale primordiale 
(cellules bipotentes cf.BRUSLE 1982) 

Nous pensons contrairement a REINBOTH (1983), que les etudes in situ 
(ecologiques, sociales ou/et comportementales) sur ce theme sont indispensables a Ia 
comprehension des phenomimes d'inversion et d'induction sexuelle. 

Par ailleurs, nous semmes en parfait accord avec cet auteur (REINBOTH 1980 a, 
b, 1982, 1985) pour souligner que les questions suivantes : 
- combien de temps lea cellules germinales gardent-elles leur bipotentialite sexuelle? 
- quelle est Ia dynamique qui conduit une cellule germinale a entrer irreversiblement 
dans Ia direction femelle ou Ia direction male ? 
- qu'est ce qui fait qu'une gonade inverse sa fonction sexuelle ? 
- qu'est ce qui peut permettre cette inversion chez un teleosteen adulte ? 
sont lee questions actuelles a propos de l'hermaphrodisme des teleosteens. 
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V-II6 
CYCLE SEXUEL ET REPRODUCTION DE L'LIRANOSCOPE 

URANOSCOPUS SCABER DES COTES TUNISIENNES 

Fredj KARTAS et Bouraoui BONDKA 

Laboratoire de Biologie Marine et d'oceanographie, 
Faculte des Sciences, Campus Universitaire, Tunis (Tunisie) 

Nos observations sur le cycle reproducteur de 1 'uranoscope sont fondees 

sur 1 'examen macroscopique des gonades et sur le sui vi des rapports gonadosomatiques 

et hepatosomatiques et du facteur de condition d'un millier d' individus de 11 a 33 

em de longueur totale peches au chalut, durant une annee, le long des cotes tunisiennes 

Proportions numeri ques des sexes 

Chez 1 'uranoscope les sexes sont separes. Sur un total de 884 poissons, 

nous avons denombre 537 femelles et 347 males ce qui correspond respectivement a 60,8% 

et 39,2%. Les femelles sont ainsi significativement plus nombreuses que les males. 

Les variatioRsdu sex-ratio en fonction de la taille montrent que le nombre relatif 

des males a tendance a diminuer regulierement des petites aux grandes classes de tai

les. Trois grands groupes de tailles ont ete distingues, pour lesquels le nombre des 

males est respectivement plus grand (129 males centre 81 femelles pour LT = 11 - 16 

em), egal (182 males et 184 femelles pour LT = 17 - 20 em) puis plus petit (36 males 

centre 272 femelles pour LT = 21 - 33 em) que celui des femelles. En fait les males 

n'existent plus au-deJa d'une taille de 26 em. Ces variations du sex-ratio s'expliquent 

a la fois par la croissance plus lente et par la longevite plus faible des males. 

Tai11e et age de premiere maturite 

En pleine peri ode de reproduction, tous les males examines avaient une 

longueur totale egale ou superieure a 11 em et etaient tous mOrs. Pour ce qui est 

des femelles, tous les specimens dont la taille est inferieure a 14 em etaient immatu

res et qu'au dessus de cette taille toutes les feme11es etaient en etat de se repro

duire. D'apres les cles ages-longueur, l'age de premiere maturite serait environ de 

un an chez les males et de deux ans chez les femelles. 

Cyc 1 e sexue 1 

L'emission des elements genitaux a lieu, pour les deux sexes, de mai 

a aout. Chez les femelles, le R.G.S atteint sa valeur movenne maximale en mai (8,63) 

et juin (9,87). Les ovaires les plus lourds pesaient 75,21 g ; ils ont ete observes 

chez une femelle mesurant 30 em et pesant 566 g. 

Chez les males, les RGS moyens les plus eleves sont atteints en mai 

(1,79), juin (1,85) et juillet (1,50). Les testicules les plus lourds (4,98 g) ont 

ete observes chez un male pesant 1769 et ayant une longueur totale de 22,5 em. Le 

RGS moyen des femelles est environ 5 fois plus eleve que celui des males. 

Le foie intervient dans les phenomenes de la reproduction en accumulant 

les reserves lipidiques lors du repos sexuel et en les liberant progressivement a 
mesure que les gonades mOrissent leurs produits. Quant a 1 'embonpoint, i1 ne semble 

pas affecte serieusement par 1 'activite sexuelle. 

Fecondite 

Elle a ete estimee d'apres 1 'examen de 39 feme11es de 15 a 30 em de 

longueur totale. Seuls les ovocytes dont le diametre depasse 700 microns ont ete pris 

en compte. Trois equations de regression liant la fecondite absolue a la longueur 

totale du poisson (LT), le poids total du poisson (W) et le poids des gonades (Wg) 

ont ete ca 1 cul ees : 

log F = 2,8724 log LT- 2,9384 

log F = 0,9070 log W- 1,7274 

log F = 0,7518 log Wg + 2,8069 

La fecondite absolue moyenne est egale a 6100 oeufs chez une femelle 

de 22 em et varie entre 2400 et 26000 oeufs pour des tailles comprises entre 15 et 

30 em. La fecondite relative moyenne est egale a 35 oeufs par gramme de poids corporel. 
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PRELIMINARY REPORT ON FEEDING OF JlNENILE ANNULAR BRE.Af1, 

DIPLODUS ANNULAR IS (l. 1758), (PISCES, SPARIDAE) LIVING IN THE AffiiATIC SEA 
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o Institute of Oceanography and Fisheries, Split (Yugoslavia) 
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INTRODUCTION: Ecology of juvenile stages of Sparidae 'in the Adriatic 
is poorly known. This particularly applies to their feeding habits. 
Recently, there have been available only the data on feeding habits 
of juvenile striped sea bream, Li thognathus mormyrus ( L.) , from the 
middle Adriatic (Froglia, 1977; Jardas, 1985). Feeding of juveni+e 
annular bream has not been studied in the Adriatic by now. Food 
Composition of adults was reported in detail by Ara (1937). 

This paper presents preliminary results on feeding of juvenile 
annular bream. Detailed analysis of feeding of this and some other 
Sparidae is under way. 

MATERIAL AND METHODS: A total of 190 gut contents were analyzed. 
Total length of specimens varied from 2 6. 6 to 71.4 mm, modal 
value at 49 mm (9.4%), and standard length from 21.1 to 58.7 mm, 
modal value at 41 mm (lO. 5%). Length was taken from fixed specimens. 
Material was collected from the coastal area of the eastern middle 
Adriatic at depths of about 1 m from May to November 1984. 

Annular bream spawn in the eastern Adriatic from June to 
August (Grubisic, 1962). With respect to this and length analyzed 
individuals belonged to the o+ and beginning of 1+ years of age. 

RESULTS AND DISCUSSION: Food was recorded from the guts of all the 
analyzed individuals. Guts were full in the majority of cases, which 
points to the fact that juvenile annular bream feed intensively. 

Qualitatively, gut contents were rich in species of plant and 
animal organisms of different systematic groups. Of plants, guts 
contained macrobenthic algae and marine phanerogams. Algae were 
recorded from 124 or 64.9% of the guts. A total of 25 algal and 
marine phanerogam species were established. Algae of the Rhodophyta 
group were best represented (13 species or 52.0%), followed by 
Chlorophyta (9 species or 36.0%), Phaeophyta (2 species or 8.0%) 
and one species of Spermatophyta (4.0%). With respect to the material 
as a whole the most frequently occurring algal species were: 

Rhodophyta: Chondri a dasyphy lla, C. tenuissima, Ceramium diaphanum and 
Po Zysiphonia sp. 

Chlorophyta: Cladophora sp. , Enteromorpha pro Zifera, E. flexuosa, 
E.torta and E. multiramosa. 

E. flexuosa (in 6 9 guts or 55.6%) and E.prol.ifera (in 6:! guts or 
50.0%) were most frequent in the guts. 

Animal food was recorded from 173 or 90.6% of the guts. Even 
though animal component appeared to be more frequent in this sense, 
algae were quantitatively more important. Of animal species the 
following were established: Anthozoa (51. 2%) , Polychaeta ( 0. 8%) and 
Crustacea ( 4 6. 5%) . The remainder ( 1. 5%) were eggs (vague) and 
undetermined organisms. Hydrozooids (48.5%) constituted the bulk of 
Anthozoa. The Crustacea groups were: Ostracoda, Phyllopoda, Copepoda, 
Amphipoda, Cumacea (larvae) , Mys idacea (larvae) and Decapoda (larvae). 
Of mentioned groups adult and developmental stages of Copepoda ( 28. 9%) 
occurred in greatestnumbers, of which Harpacticoida (about 26.5%) were 
most numerous. Apart from Copepoda, Amphipoda ( 8. 5%) and Ostracoda 
(6.5%) made up a significant proportion. 

These preliminary results show juvenile annular bream to be an 
omnivorous species with pronounced preference of macrobenthic algae. 
Thus tbe phytophagous character of their feeding is rather marked 
and even more so since some of the animal groups very likely reached 
the guts exclusively through plant food (e.g.Anthozoa). 

As distinct from the juveniles, adult annular bream are markedly 
carnivorous. Ara (1937) reported Vermes (Annelides, Gephyrei), Mollusca 
(Gastropoda, Lamellibranchia), Crustacea (several groups) and 
Echinodermata (Asteroidea, Ophiuridea, Echinoidea) from the guts of 
adult specimens. 
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RESULTATS PRELIMINAIRES SUR LA NOURRITURE DES PRINCIPAUX POISSON$ 

DE LA MER EGEE CENTRALE PENDANT LES ANNEES 1977 -1~ 
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V-III3 
ETUDE DE QUELQUES MODALITES DE L

1 
ABSORPTION DU GWCOSE PAR L

1 
INTESTIN 

DE L'ANGUILLE (AI\GUILLA ANGUILLA, LINNE 1758) 

B. TRITAR0
, K. SAID 0

, r.. BOGE 00 et G. PERES 00 

0 Laboratoire de Physiologie Animale, Faculte des Sciences, Car;lpus 
Universitaire, BelvedEre, Tunis (Tunisie) 
Laboratoire Maritime de Physiologie, Institut Michel Pacha, Tamaris 
(France) 

Dans le cadre des etudes entreprises sur la nutrition de quelques 

especes aquatiques nous nous somres interesses a 1 'anguille, poisson osseux 

appartenant a 1 'ordre des Apodes, au Sf ordre des AnguilliforiiES et a la famille 

des anguillides. L 'objet de cette note est de preciser 1 'action de quelques 

facteurs physico-chimiques sur le deroulerrent de !'absorption du glucose. 

Les experiences sont effectuees in-vivo a 20°C selon un protocole 

qui a ete decrit (PERES et coll., 1973) et qui consiste en une perfusion continue 

de 1' intestin du poisson. La solution physiologique glucosee a 0,5 nM en pre

sence d'un marqueur radioisotopique (Glucose 
14

c) periiEt la determination des 

quantites de Glucose absorbees par 1' intestin pendant 30' . 

Nos experiences portent sur 1 'etude des facteurs suivants la tem

perature, 1' ion sodium et 1 'Ouabaine. 

L'absorption in-vivo d'une solution de Ringer a 9% 0 de NaCl contenant 

du glucose a 0,5 nM est envisagee aux terrperatures suivantes : 15, 20, 25 et 30°C. 

Les valeurs nl.lllEriques, des quantites de glucose absorbees en JJ.l!Ole par graJli!E de 

tissu intestinal frais, sont donnees ci-apres pour chaque tenperature : 

0,714::0,041 pour 15°C; 1,071::0,031 pour 20°C; 1,588::0,037 pour 25°C et 

1, 718 :: 0,663 pour 30°C. La quantite de glucose absorb€ augnente done avec 1 'ele

vation de la tenperature. Les valeurs du coefficient thermique : 2,22 dans 1' in

tervalle 25 - 30°C et 1 ,60 dans 1' intervalle 20 - 30°C prouvent que 1' action de 

la tenperature s'exerce non seulerrent sur la diffusion passive mais aussi sur un 

transport a caractere !!Etabolique (WORBE, 1959 ; TRI'mR et coll., 1974, 1975 et 

1983 ; PERES et coll., 1973). 

L 'absorption in-vivo d' une solution de Ringer a differentes concentra

tion en sodium contenant du glucose a 0,5 nM est envisagee. Les concentrations 

de Ringer en NaCl sont les suivantes : 9%o 1 6% 0 , 3% 0 et 0% 0 • Le manque de sodium 

est corrpensee par du Pffi 600. Les valeurs nl.lllEriques, des quantites de glucose 

absorbees, exprinEes en JJ.l!Ole par graJli!E de tissu frais apres 30' de perfusion 

sont donnees ci-apres pour chaque concentration de NaCl : 1,071::0,031 pour 9% 0 ; 

0,975::0,032 pour 6%o; 0,796::0,024 pour 3%o et 0,578::0,033 pour O%o. La quantite 

de glucose absorbee augnente done avec 1 'elevation de la concentration de sodium 

dans le perfusat. Les resul tats non trent que 1 'absorption du glucose chez 

l 'anguille presente une CO!!p:Jsante active sensible au sodium (FCNZ et coll.,1971; 

TRI'mR et coll., 1974 ; ORTIZ et coll., 1979). 

L'absorption in-vivo- d'une solution de Ringer a 9% 0 de NaCl contenant 

du glucose a 0,5 nM est envisagee en presence d'ouabaine a la concentration 10-
4

M. 

La valeur nl.lllErique, des quantites de glucose absorbees, exprinEe en JJ.l!Ole par 

graJli!E ~~ tissu. frais apres 30' de perfusion est donnee ci-apres : 0,589::0,011 

pour 10 M(Terrom: 1,071::0,031). Nous renarquons qu'en presence d'oubaine 

l 'absorption intestinale du glucose est inhibee de 45%. L'analyse de variance 

nontre une valeur de F calculee de 192,3 alors que la valeur de F theorique est 

de 7,64 au seuil de 1%, ce qui nontre que l'effet de l'ouabaine est hauterrent 

significatif. Ccmre 1 'ouabaine est connue cartre un inhibiteur specifique de 

l 'ATP ase Na-K dependante, les resultats rrontrent que 1 'absorption du glucose 

presente une CO!lp:Jsante active sensible au !!Etabolisrre energetique pour maintenir 

le gradient en sodium (KIMMICH et coll., 1972) . 
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V-III4 
LONG-TERM FLUCTUATIONS OF PREDATOR FISH AND THE PREY PlANKTON 

JELLY-FISH PELAGIA NOCTILUCA IN THE f·1EDITERRANEAN (ADRIATIC) 

Tamara VUCETIC and Veronica ALEGRIA HERNANDEZ 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

Searching for the better explanation of the jelly-fish Pelagia noctil.uca 

explosion in the view of predator-prey relationship, it is attempted here to compare 

" Pelagia years" with the long-term catch of some jelly-fish predators and competi

tor fish as Boops hoops, Scomber scombrus, Scomber japonicus, Auxis rochei, Sarda 

sarda, Thunnus thynnus and Sard-ina pilchardus, Sprattus sprattus,EngrauZis 

encrasicholus as food competitors. 

The analyzed catch statistics was separately treated as: 

YU-Yugoslav, YU + IT-Yugoslav with Italian as value for Whole Adriatic and catch for 

the whole Mediterranean. 

All the jelly-fish Pelagia finding were taken as " Pelagia years". 

From the statistical data the following catch trend or population density 

of some predators fish in the " PeLagia years" {1977-1986) have been found: 

SPECIES: 

Boops hoops 

TrachUPUS sp. 

Scomber scombrus 

Saomber japoniaus 

Small pelagic fish 

(Sardina piLchardus, Sprattus sprattus, 

Engraulis encrasiaholus) 

Thunnus thynnus 

Au:cis rochei, Sarda Sarda 

+ catch increase - catch decrease 

ADRIATIC: MEDITERRANEAN: 

YU YU + IT 

+ 

It is shown by the data presented in the table that a negative trend 

has been found in the Yugoslav catch only for Boops boops and Saomber saombrus 

in the "Pelagia years". For the latter one (Scomber saombrus) the total (YU + IT) 

catch for the whole Adriatic show a positive trend, due to sharp increase of 

Scomber scombrus catch by Italian fisheries fleet. 

Taking into consideration all the analyzed data or the result of these 

researches and those published earlier (ALEGRIA HERNANDEZ, 1983, 1984> VUCETIC, 

1982, 1983, 1985), it is difficult to conclude that the Pelagia population 

explosion in the recent years, could be associated with the decrease of predator 

fish population as some of the participants at the UNEP Pelagia workshops (1984, 

1986) mentioned. 

The above analyzed fish being at the same time predators and competitors 

of the Pelagia, in a predator-prey relationship, a negative trend is to be expected 

and not the positive one as found. 
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V -Ills 
FOOD REQUIREMENTS OF THE ATHERINA BOYER! LARVAE AND POSTLARVAE, 

IN NATURAL ENVIRONMENT 

C. YANNOPOULOS 

Department of ZoolOg'.f, University of At..'lens, University Campus, Athens (Greece) 

Summar'y. The stanach contents analysis of the Atherina boyeri ( Risso, 1810 ) , at its 

larval and postlarval stages, with sizes between 10 to 40 rrm, sha.ved an alternation 

of their feeding behaviour, depend upon the occt.Jrrence of la.; and hiqh tides, in the 

sampled area. The main fcx::d intake activity had alrrost been canpleted by the middle of 

the day, as far as the amount of itens eaten, was concerned. 'Ihe moan food requirement 

has been calculated as 54.5 itens, per individual, per day. Fran this value, the portion 

of 36.6 iterrs was strictly copepods and the 26.8 of the copepods 

species Microsetella norvegica. 

consisted of the 

Sampling took place, during July and August 1977, on an alrrost daily basis, 

from Soc to 11oc and 1700 to 2000 hours. 165 specilrens of Atherj,na boyeri ( Risso, 

1810 ) er Atherina m:::chon ( C.V., 1829 ) larvae and postlarvae have been collected, 

in shallON waters, with a m:::dified WP-2 plankton net. One set of 

chservations carried out on days with no tidal IOC>Vements and the other on days with 

high and la.; tides. The mean values of the items eaten by each larvajpostlarva, are 

given in the table that foll=s. 

I per larva - postlarva 

I itans eaten I size (rrm) of 
~--------~~-----~----+-S_D __________ ffiill __ -,-,-~---,,~, po!~~a 

I 
8

00
- 11 00 

no 
tide 

total 38.9 + 38.1 (1) 
33.4 ::E 19.3 (2) 

copepods 32.5 + 38.0 (3) 
25.8 ::E 18.9 (4) 

M. norv. 26.6 + 35.3 (5) 
20.2 + 15.9 (6) 

17
oc _ 

2000 
total 54.2 :!:: 31 .5 

copepods 46.1 :!:: 29.4 

(7) 

(8) 

(9) 
no 

tide M. norv. 39.6 + 28.1 

total 67.1 + 60.9 
8oc- 11 00 54.0 ;t 29.7 

la.; 
tide 

copepods 34.9:!:: 19.7 

M. norv. 21.2:!:: 14.9 

1700 
_ 

20
oc total 42.6 :!:: 18.7 

high copepods 34.6 :!:: 15.4 

tide M. norv. 24.9 + 12.5 

(10) 
(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

min: 12 

197 25 

(2), (4), (6), when 197 value 
excluded(M. norvegica mainly) 

min: 

min: 

I 
112 

I 

10 

22 

10 .••• ~ ..••• 15, 29 

( ;~~, . ~::. : : : : : ~ ~ 
( 11 ) , when all max values 
excluded (ostraccrls,il!llFhipods) 

I 
min: 10 14 

70 •.. "i ..... 13 

Canparing the mean values (2) and (7), we obtain T2 , 7= 2.79, which sh=s 

that there is a significant difference between the rreans, P<:0.001, that is, during 

periods with no tidal currents there is a declining increase, of the itans of fcx::d 

eaten, fran rrorning to the afternoon. 

Fran the Ireans (2) and (11), we have T
2

, 11 = 3.47, value which is significant 

fer P<0.0001, indicating that during lON tides there is a bigger amount of itans of 

fcx::d eaten, in canparison with the sane morning period with "calm" water • Since there 

is little increase, at l= tide, of the itans of copepods eaten, T
4

,
12

= 1.89, P<:0.05 

and no increase of M. norvegica, it is obvious that fer A. boyeri, there is 

an extra fcx::d supply, fran ostracods and il!llFhipods (see figure) , probably due to their 

errergence as a physiological response to lew tides. 

At 1= and high tides there are no differences as far as the copepods, 

T
12

,
15

= 0.07, er M. norvegica items eaten are concerned; a slight decrease may be 

observed when the total rreans were canpared, T11 , 14= 1 .95, P<0.05. 

An ilrportant chservation is based on the lack of evidence that evacuation 

of the items eaten the sane day takes place. Of cource, tcwards the "end" of the 

stanach, items eaten were fully digested, as indicated by ghost-copepods. In relation 

to this chservation, the rrean food requirements estimated to 54.5 items, per larva 

postlarva, per day. 

100 

L.O 

30 

~3~--/~~·· ·t;'- / . ' ' \,-V-~ 

::\, .1~~ I u/~d 

if
""~ 

1) variou_ s_ 
2} larvae 
3} naupl11 

high tide 

L.) ostracods 
5) cladocerans 
6) amphipods 
7) copepods 
8) calanus sp. 
9} euterpina s;: 

10) m1crosetella 
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V-IVI 
A NOTE ON THE GROWTH AND NATURAL MJRTALITY 

OF &x:Jps BOOPS (l.) FRCl'l THE ADRIATIC SEA 

Veronica ALEGRIA HERNANDEZ 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The growth of the bogue was estimated from age determined by 

otolith readings and size frequency distribution. Otoliths of 12 8 

specimens were examined, but the age could be determined without signi

ficant errors in not more than 25%. Mean length-at-age was determined 

by the integral method recommended by PAULY ( 198 2). Results are based 

on total length data of fish collected during trawl surveys carried 

out in the middle Adriatic in 1963/67. Agreement between length-at-age 

estimates by the integral method and otoliths was generally good: 

A e classes l+ 
2+ 3+ 4 + 

Integral method 

Otoliths 

14 2. 5 

153.5(4) 

In parentheses number of specimens 

173.0 

175.7(10) 

200.0 

199.8(14) 

221.5 

219.9(3) 

Several methods for solving the von Bertalanffy growth 

equation 

Method 

Ford Walford 

Bever ton 

applied: 

34 3. 6 9 

343.69 

3 21.7 4 

350.00 

K 

0.169 

0.167 

0.194 

0.158 

-2 .14 7 

-2.206 

-1.998 

-2.299 

1.001 

0.410 

0.873 

3.372 

Loo obtained by: 1-integral method, 2-otoli ths, 3-maximum observed 

length 

Theoretical length-at-age values calculated by growth parame

ters estimated by the Beverton method and L;,; obtained by integral 

method showed smallest deviations from the observed mean values. The 

equation applied to describe the age-length relationship is: 

Lt = 34 3. 6 9 1 
_ e -0.167 (t + 2.206) 

Low growth rate points to the slow growth of this species, 

proved also by the lifespan of 15.73 years, at which age the bogue 

attain 95% of their asymptotic length. 

Instantaneous rate of natural mortality of the population 

estimated after Taylor equation: M = 0.190. PAULY (1982) gives an 

empirical equation to obtain an indicative estimate of the natural 

mortality from the L
00 

and K values and the mean environmental tempe

rature. With the mean annual temperature 14.5°C at 100m depth for 

the Adriatic Sea, it was estimated that M = 0.207. 

Length-weight relationship was computed as GM functional 

regression for both sexes and whole sampled population in the period 

of sexual inactivity: 

Males 

Females 

Total 

N 

68 

97 

165 

Regression 

logW -5.58 + 3.230 logL 

logW -5.25 + 3.038 logL 

logW -5.19 + 3.113 logL 

0.987 

0. 991 

0. 989 

where W is the weight in grams and L total length in millimetres. A 
hon significant difference was found in length-weight relationship 

between males and females. 

The growth pattern of the bogue from the Adriatic is in close 

agreement with that reported by ZUNIGA (1967) for the bogue from the 

western Mediterranean. However, it is important to emphasize that the 

results of this study are an estimate based on the available data, 

and can vary from other more complete sets of data. 
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V-IV2 
CROISSANCE DE L

1
URANOSCOPE URANOSCOPUS SCABER 

(PISCES, TELEOSTEENS) DES COTES TUNISIENNES 

Bouraoui BONDKA et Fredj KARTAS 

Laboratoire de Biologie Marine et d 'Oceanographie, 
Faculte des Sciences, Campus Universitaire, Tunis (Tunisie) 

L' etude de 1 'age et de 1 a croissance de l 'uranoscope est basee sur 

l 'examen d'environ 1000 individus de longueur totale comprise entre 11 et 33 em peches 

au cha l ut pendant un an 1 e long des cotes tunis i ennes. 

Estimation de l 'age 

L'estimation de l 'age a ete faite par oto1ithometrie. A quelques excep

tions, taus les oto1ithes presentent, en lumiere transmise, une succession d' anneaux 

opaques et d' anneaux hya 1 ins. Les premiers se forment pendant l a belle sai son et 

correspondent a des zones de croissance rapide, les seconds apparaissent en hiver 

et correspondent a des zones de croissance lente. Le nombre maximum d' anneaux hyal ins 

observe etait de quatre chez les males et six chez les femelles. En fixant la date 

de naissance au mois de juin (periode d'emission intense des produits genitaux) et 

1a formation de 1 'anneau hyalin en janvier, on demontre que le premier anneau hyalin 

se forme 6 mois apres la naissance et que les anneaux successifs suivants correspon

dent respectivement a un age de 18, 30, 42, 54 et 66 mois. 

Croissance lineaire 

- Relation rayon de l 'otolithe - taille du poisson 

494 couples ont servi a etablir 1 'equation de regression reliant la 

longueur totale du poisson (LT en mm) a la longueur du grand rayon de 1 'otolithe 

(du centre du nucleus au bord du rostre : lt en mm). : 1t = 0,0413 Lr 0•9152 

Nous avons determine pour les males et les femelles pris separement, 

la moyenne des rayons des differents anneaux d'arret de croissance successifs et 

deduit par application de 1 'equation precedente la longueur totale du poisson cor

respondant a chaque anneau. Les valeurs obtenues (tableau ci-dessous) montrent que 

1 es longueurs atteintes a 1 a formation des deux premiers anneaux sont identiques chez 

les deux sexes et qu'a partir du 3e anneau les femelles grandissent plus vite que 
les males. 

- Etude theorique de la croissance 

Les parametres de 1 'equation de Von Bertalanffy sont 

Leo 

to 

femelles : 

363,8 mm 

0,196 

0,526 

Croissance ponder a 1 e 

- Relation taille - poids 

males : 

272,8 mm 

0,273 

- 0,510 

Les equations calculees par la methode des moindres rectangles sont: 
- 1 'effectif total W = 7,848. 10-6 Lr3• 136 

- les femelles : W = 9,312. 10-6 Lr3• 107 

- ies males : W = 1,280. 10-5 Lr3•038 

Cette relation est pratiquement identique chez les males et les femelles, 

aucune difference de pente ni de position n'a ete decelee au seuil de 5 %. 

- Croissance ponderale absolue 

Les relations age - poids, dedui tes des equations ci -des sus peuvent 
etre formulees ainsi : 

- les femelles w = 842,6 [1 _ e-0, 196 (t + 0,526)] 
3

• 
107 

- les males w = 321,6 [1 - e-0,273 (t + 0,510)] 
3

•
038 

Le poids theorique atteint a la formation de chaque anneau est consi
gne dans le tableau ci-apres. 

anne au 2~ 3~ 5~ 

Otolithometrie (LT) 65,9 116,8 165,7 196,3 230,4 250,8 

Femelles Modele de Von Bertalanffy (LT) 66,3 119,2 161,7 198,5 228,0 252,1 
-------------------------------- ----- ------ ------ ------ ------ ------
Modele de Von Berta 1 anffy (W) 4,2 26,3 69,2 128,4 197,2 269,7 

Otol ithometrie (LT) 66,6 116,2 153,0 180,3 

Males Modele de Von Bertalanffy (LT) 65,7 115,2 152,9 181,5 

Modele de Von bert a 1 anffy (W) 4,3 23,4 55,4 93,3 

Taille (LT en mm) et poids (Wen g) des femelles et des males correspondant aux an
neaux d' arret de croi ssances ca 1 cul es par oto l ithometri e et par app 1 i cation du modele 
de Von Berta l anffy. 
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AGE Af'ID GROWTH OF M.JLLUS MRMTUS Af'ID M. SURMULETUS FRCl'-1 THE CATAlAN SEA 

Beatriz MORALES-NIN 

Insti tuto de Ciencias del Mar, Pas eo Nacional s/n, Barcelona (Espana) 

,.=,roh·tn ctre or th~ ut1no·:;t .Lmpor-::aH..:.t.:: lE 
:::>:.!J~nK·t ctn(l r:.·.:.,ru~r 1~s ·:.,~.wli~'"='" growtl1 ~:;tudie~3 o.t the mu1.12t:;; u1 
'..te:=:.tern jYu-::di.terranean study on age an(1 growth or thE: 
two :~p8cl~s oj mul~er.:; ca.ught in Sea would acduce some va.Luab.:..e 
da~a tor tn~ and management o! both species. 

Tne mat~r ia} u::;e(l in ttLi·:; 

H.barbatus and 11}~ 

in :342 specim~~ns 01 

bottom trawls in ttle 

Age was determined by means o! otolith interpretation. Sagitta otoliths 
were read twice and only .:oincident lectures were accepted. 

rne von Bertalan!fy parameters were determined by means oi the Alien 
method . 
.RESIJl..TS 

fne shape and morphology of sagitta otoliths were different enough to 
allow species identittication. }f.surmuletus otoliths were more quadrangular 
in shape with the rostrum less pronounced than in X.barbatus. 

Otholiths wer-e small and thin with invernal growth rings faint and 
diffuse. Invernal rings were formed between October and November. 

Otolith interpretation was difficult due to the poor definition of the 
invernal rings. The 12 % of X.surmuletus and 13 % of }f.barbatus otoliths 
were not interpretable. 

Length and age range were similar in both species <.5 to 26 em and age 
classes 0 to 10 in X.surmuletus and 4 to 27 em and age classes 0 to 10 in 
X.barbatus:>.Mean lengths at age were inferior in X.barbatus and length 
overlapinP; between diferent age groups was higher than in X.surmuletus 

The age clases employed to determine the growth parameters were l to 
9. Ages 0 and 10 were not included due to the scarceness of data. 

The calculated growth parameters were the following: 
X.barbatus L,,,=24.32 ·~m, k=O.l468, t.~.=-3.3114 

X.surmuletus L.~ .. ~·=30.S)4 em, k=0.1128, t .. o=-3.8543 
Boch specie:;; had a relative low growth rate and reach old age groups. 

Jrf.surmuletus had a higher growth rate overtaking lengths upper the 
corresponding to N.barbatus. 

DISCUSSION 
The age range found for the mullets of the Catalan Sea was wider and 

growth rates lower than in other Mediterranean areas. Mean length at age in 
the first year of life is similar in the present study and in the reported 
data of different authors <Gharbi and ktari 1981, Andaloro 1981, 
Papaconstantinuou et al. 1981, inter .al.). Apparently posterior growth is 
lower in Catalan Sea than in other areas resulting in smaller lenght at age. 

Our results are confirmed for X.barbatus in a study carried out by 
lenght frequency analysis \Martin and Sanchez 1985). This low rate of growth 
in the Catalan Sea is probably related with overfishing. 
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V-IV4 
PRELIMINARY NOTES ON THE BIOLOGY OF HELICOLENUS DACTYLOPTERUS <DELAROCHE) 

IN THE LIGURIAN SEA 

Andrea PEIRANO and Leonardo TUNESI 

Labor a tori di Biologia Marina ed Ecologia Animale, 
Istituto di Anatomia Comparata, Universita, Genova (Italia) 

Resume - On a etudie la biologie de Hel'icolenus dactylopterus 2t on a calcule 
les equations de croissance , de conversion Lt-Lst, de longueur-paid. 

Summary- It has been studied the biology of HeLicolenus dactylopterus and it has 
been calculated the equations Lt-Lst., length-weigth and the Von Bertala_t:!_f 
fy growth curve. 

During 1985 were made two surveys along the Italian coasts to evaluate the demer
sa 1 resources from 0 to 700 meters of depth ( Re 1 in i , 1 98 5). 

The eastern part of the Ligurian Sea was divided in five strata (0-50-100-200-
450-700 m) and 28 stations were choosen to cover the total area of 915.4 square 
nautical miles. The surveys were maae in Spring (March 15th-May 30th) and in Sum-
mer (August 15th - September 15th) with a commercial vessel of 279 CV and a trawl 
of 17 mm stretched mesh cod end. 

In the two seasons were recorded 32 samples of HelicoZenus dactyZopterus from 
250 to 700 m and were mesured 882 specimens and were co 11 ected 310 otoliths. 

Although this species has a commercial importance in Ligurian fisheries little 
is known on its biology except for some works on feeding habits (Froglia,1976), 
(Wurtz, 1977). 

By the observations of the gonads it resulted that H. dactyZopterus spawns 
in the latter Winter, in fact at the start of the first survey some specimen were 
recorded in phase ripe and spent. 

The first recruits appear in the Summer with a minimum total length of 4 em, 
differing from previous observations reported in 1 i terature (Fage, 1918) that 
observed this 1 ength in Apri 1. 

The more abundant catches in number and in weigth were recorded from 400 to 
700 m, with a maximum of 128 specimen corresponding to Kg 8.7 at 505m . The 
maximum length recorded was 28 em belonging to a male. 

We calculated the following length-weight equation and the Lt.-Lst. equation 

Log P = -4.9434 + 3.0776 Log Lt 

Lst = -0.62g973 + 0.810598 Lt 

From the otolith readings we obtained a length-age key and the following ave
rage length at each age (Tab. I). 

Tab. I 

Age 
Av .Length 

(Lt em) 
Number 

4.7 8.14 10.3 13.67 16.25 17.82 19.6 21 25 28 

10 22 33 69 108 34 15 

Theseaverage lengths were used to calculated the following Von Bertalanffy growth 
equation: 

Lt = 70 _75 X ( 1-e-0.0457(t+ 0.4147)) 

It is evident from tab. I and from fig.1 1 ike the growth of HelicoZenus daetylop
tei'?AS is slow and regular in time; this is a characteristic of fishes that live in 
deep and cool water and it has been recorded for the Scorpenidae of the genus Sebastes 
of the North Atlantic (Elwertovki ,1964). 

30 LT 
em 

,-
:., , , 

20 ... -+······t······j·· 
, 

,f,. 
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10 ,.t.-. __ .. f··' 

v 
AGE years 

0 1 2 3 4 5 6 7 8 9 

Fig.1- The curve represents the Von Bertalanffy growth equation adapted to the ave
rage lengths of tab.!. The standard deviations are also reported. 
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V-IVs 
CROISSANCE LINEAIRE DE PAGELLUS ACARNE, 

P. BOGARAVEO ET 0BLADA MELANURA EN ELEVAGE 

J. SARDOU, M. ETIENNE et G. QUELART 

Station Zoologique, Villefranche-sur-Mer (France) 

Abstract : Young stages of Pagellus acarne, P. bogaraveo and Oblada melanura were 
reared 1 n the 1 aboratory dun ng about one year ; growth equat 1 ons are g1 ven in this 
short paper. 

23 especes de poi ssons ont ete el evees, pendant des durees vari ab 1 es, a 1 a Sta
tion Zoologique de Villefranche, a partir de stades juveniles ou larvaires peches 
dans 1 a rade. Nous donnons i ci 1 a croissance obtenue pour 3 d' entre e 11 es au cours 
d' une an nee d 'e 1 ev age. 

Methodes : Les jeunes poissons (longueur standard 10 a 20 mm); captures du rivage a 
l'epu1sette, ou en plongee, sont tout d'abord places dans de petits recipients cy-
1 i ndri oues (de l 0 a 30 l i tres), en eau non courante puis, au fur et a mesure de 1 eur 
croissance, dans des bacs de plus en plus grands de 30 a 100 1, et de 100 1 a zm3, 
en circuit semi s-ferme. La nourriture se compose, au debut, d 'Artemi a sa 1 ina a di f
ferents stades de developpement (nauplius a adulte), puis de cli~f5son hache 
et de granules d'aliment artificiel. Les tailles des poissons (LS en nvn) sont mesu
rees a des intervalles de temps (en jours irreguliersl 

Resultats : 

Pour representer la croissance pendant la duree de 1 'elevage nous avons le 
choix entre plusieurs modeles : la regression lineaire dey en x, le modele de 
Von Berta l anffy ( 1938), ou ce 1 ui· de Gompertz ( 1825) etudi e par Weymouth et Me Mi 11 in 
(lg3o). Le test F indique la signification de l 'ajustement, et la somme des carres 
des ecarts residuelle (SCE) permet de choisir le meilleur ajustement. Nous avons ob
tenu 1 es resultats sui vants : 

Page 11 us bogaraveo : 1 es jeunes poi ssons de LS 10-12 mm ont ete reco ltes au de
but du mo1 s de ma1 et e 1 eves pendant 264 jours jusqu' a une tai 11 e moyenne de 96 mm. 
La croissance peut etre expri mee par une droi te de regression 1 i neai re de y en x 
d'equation : 

Lst = 0.31917 * t + 12.5 

avec R ~ 0. 994 test F = 742.7 pour 1 et 8 DOL, et SCE = 74.28 

Page 11 us acarne : 378 jours d 'e 1 evage, de 15 mm a 115 mm, a partir du moi s de 
janvier. La cro1 ssance est bien representee par 1 e mode 1 e de Von Berta 1 anffy 
d'equation : 

Lst = 149.45 * (1- EXP (-0.0036 * (t + 24.149))) 

avec test F = 3743.5 pour 1 et 7 DOL et SCE = 24.45 
La figure 1 montre cet ajustement. 
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Fig. 1 : Croissance de Pagel ius acarne en e1evage. 

Oblada melanura : 586 jours d'elevage, de 12 mm a 137 mm, a partir du mois de juin. 
TCTTuSSTanachoisi 1e modele de Von Bertalanffy qui presentait le meilleur ajus
tement aux points experimentaux ; 1 'equation est : 

Lst = 292.82 fl- EXP (-0.001019 * (t + 45.32))) 
test F = 1133.5 pour 1 et 7 DDL et SCE = 107.7 

L'accroissement lineaire pendant la periode d'elevage consideree est similaire 
pour 1 es 2 Page 11 us et 1 a tai 11 e obtenue vers 1 an est comparab 1 e a ce 11 e trouvee 
par And a 1 oroetl'rest i pi no Giarritta ( 1985) pour des Page 11 us erythri nus sauvages 
peches entre la Tunisie.et la Sicile. 

Dans 1 es equations precedentes t et to sont en jours ; on peut obteni r 1 a for
mulation plus habituelle en convertissant t et to en annees et en multipliant le 
parametre K par 365. 
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CROISSANCE LINEAIRE DE TROIS ESPECES DE DIPLODUS EN ELEVAGE 

J. SARDOU, M. ETIENNE et G. QUELART 

Station Zoologique, Villefranche-sur-Mer (France) 

Abstract The linear growth equations of Diplodus puntazzo, D. sargus and _D_:_.::_u_lj~-
n s I aboratory reared about 2 years are given 1 n th1 s short p~ 

De nombreuses especes variees de poissons ant ete elevees a la Station Zoologi
que de Vi llefranche-sur-Mer, pendant des temps plus au mains longs, a partir de tres 
jeunes individus. Nous donnons ici la croissance de Diplodus puntazzo, D. sargus et 
~ulgaris obtenue au cours de plus de 2 ans d'elevage. 

Methodes 
-----res tres jeunes poissons (longueur standard 10-20 mm) ont ete captures en plan
gee a l'aide d'un filet a plancton. Les methodes d'elevage sont identiques a celles 
que nous indiquons pour 1 'etude de croissance de 3 autres especes (Pagellus bogara
veo, P. acarne et Oblada melanura), mais la periode d'observation est plus longue et 
TeS elevages, non encore term1nes, se poursuivront le plus 1ongtemps possible. 

Resultats 

La croissance en tai lle peut etre representee, selon les cas, par une regression 
1 i neai re de Y en x, par l e modele de Von Berta l anffy, au par ce 1 ui de Gompertz 
(1825) discute par Weymouth et Me Millin (1930). La signification de l'ajustement 
est fourni e par l e test F ; 1 a somme des carres des ecarts residue 1 s ( SCE) i ndi que 
quelle equation s'ajuste 1e mieux aux donnees experimentales obtenues. 

Dip1odus puntazzo : les jeunes de 10 a 20 mm se rencontrent pres du rivage 
d' octobre novembre a fevri er-mars, done sur une peri ode etendue. Nous a vans rea 1 i se 
3 e 1 evages differents pour cette espece 

- Elevage pendant 241 jours, de 13.5 mm a 145.5 mm. 
L'ajustement 1e meilleur est une regression lineaire dey en x, d'equation 
l\ = 0.556 * t + 14.09 

R = 0.998 Test F = 2052 ave 1 a 5 DOL SCE = 33.5 

- Elevage pendant 800 jours, de 18.1 a 256 mm ; nous avons trace (figure 1) 
les ajustements pour le modele de Von Bertalanffy et pour celui de Gompertz et avons 
obtenu : 

Equation de Von Bertall anffy : 

Lst = 318.5 * (1 - EXP (-0.00217 * (t + 8.48))) 

test F = 462 avec 1 et 6 DOL SCE = 802. 5 

Equation de Gompertz 

Lst = 261.19 * EXP ( -2.75 * (EXP ( -0.0056 * t))) 

test F = 4500 avec 1 a 6 DDL SCE = 83.4 

Le modele de Gompertz donne, ici, un meilleur ajustement. 

Elevage pendant 846 jours, de 14 a 270 mm. Le meilleur modele est egalement celui de 
Gompertz 

Lst 345.09 * EXP (-3.157 * (EXP (-0.003 * t))) 

test F = 3126 avec 1 et 17 DOL SCE = 848 
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Fig. l Croissance de Diplodus puntazzo en elevage (trait continu : modele de 
Gompertz . Po1nt1lle : modele de Von Bertalanffy. 

Diplodus sargus : les jeunes, recoltes en juin, ont ete eleves pendant 725 jours, de 
TTTI84mm. Le me1ll eur modele est eel ui de Von Bertal anffy dont 1 es 3 parametres 
de 1 'equation sont : Lro = 268.14 mm K = 0.00152 et to = -59.79 
avec test F = 672.6 pour 1 et 9 DOL et SCE = 421 

Diplodus vulgaris recolte des juveniles en fevrier et elevage pendant 752 jours, 
de 1/.4 a 183./ mm. Les parametres de 1 'equation de Von Bertalanffy sont : Loo = 233mm 
K = 0.002 et to - 31.18 avec un test F ~ 1705.5 pour 1 et 8 DOL et SCE = 189.6. 

Diplodus sargus et Q. vulgaris ont eu une croissance identique : elle est superieure 
a celle constatee po~sargus sauvages par differents auteurs (Man-Wai et Qui
gnard, 1982 ; Lefevre, 1982r:---

Q_ijl_l_odus puntaz~ a une croissance beaucoup plus rapide et semble done interessant 
pour un elevage commercial. 

No us avons donne 1 es equations pour des temps ( t et to) en jours ; a des fins 
de comparaison avec des equations donnees pour des temps en annees i 1 suffira de con
~~~:lr en annees les t et to de nos equations et d'en multiplier le parametre K par 
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CALCUL PAR OTOLIMETRIE DE LA RELATION TAILLE-AGE DU MERLAN BLEU 

(MICRa-lESISTIUS POUTASSOU Rrsso, 1826) DE LA MER (ATALANE 

S. VERON 

Insti tuto de Investigaciones Pesqueras de Barcelona, 
Paseo Nacional s/n, Barcelona (Espana) 

ABSTRACT. Growth of Hicromesistius poutassou was studied from samples of 

Catalonia cost by sagitta readings. Seven age classes were found. An 

age-length length key was proposed. The theorical growth equation was 

calculated. 

INTRODUCTION. Le merlan bleu, Hicromesistius poutassou, est tres abondant 

dans la Mer Catalane. On en capture un grand nombre d' exemplaires mais on 

doi t le considerer comme une espece accompagnatrice dans les p~ches au 

chalut. 

MATERIEL ET METHODE. Les exemplaires de Hicromesistius poutassou utilises 

dans cette etude ont ete obtenus a partir des captures commerciales 

realisees dans la Mer Catalane par les chalutiers a des profondeurs 

comprises entre 80 et 700 m, entre juin 1981 et mai 1983. La taille des 

exemplaires captures, varie entre 15 et 32 em; la tai lle moyenne de capture 

est de 22 em <VERON, 1986). Sur 740 otolithes sagitta examines, seulement. 

652 ont permis une lecture correcte de 1' Age. 

Le modele de von Bertalanffy <1938) a ete retenu pour decrire la 

croissance. Les parametres de cette equation ontete calcules par la methode 

de 'ialford <1946) et la methode de Allen <1966). 

RESULTATS ET DISCUSSION. On a trouve un total de sept classes d' Age, 

(0 a VD a partir de la lecture des otolithes. Les valeurs de la taille 

moyenne trouvees pour chaque classe d' Age sont les sui vants: 

x=ll. 90 

u= 1. 60 

n=144 

x=15. 32 

I)'= 2.82 

n=46 

II 

x=21. 9 

I)'= 2.82 

n=130 

I I I 

x=24. 47 

I)'= 2.23 

n=153 

IV 

x=27.59 

I)'= 2.85 

n=99 

v 

x=31. 10 

u= 2. 26 

n=56 

VI 

x=32. 62 

I)'= 1. 86 

n=24 

partir de ces valeurs et en utilisant six de ces classes d'!ge, on a 

calcule l' equation theorique de la croissance en longueur. La classe 0 n' a 

pas ete utilisee car elle n' est pas totalement recrutee. Les equations 

obtenues, sont: Methode de Walford: Lt=37.40(1-e0 •30 (t+0. 69 )) 

Methode de Allen: Lt=40.35(1-e0 · 22 (t+l.29)) 

Les tailles theoriques calculees a partir de ces deux equations 

peuvent etre considerees colllllle representatives de la realite. 

La courbe de la figure 1 correspond a 1' equation etablie par la 

methode de Allen. 

6 
Figure Courbe de croissance theorique 

(methode de Allen) 
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CROISSANCE DU TURBOT ET DE LA BARBuE DANS LE GOLFE DU LION Cr-1EDITERRANEE) 

LPiscEs PLEURONECTIFORMES : PsmA Mtl.XIMA (LINNAEUS 1758) 

SCOPHTHALMUS Rf-rnBUS (LINNAEUS 1758)J 

Regis VIANET 0 et Florence ROBERT 00 
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Montpellier (France) 
oo Laboratoire de Parasitologie ComparEe, U.S.T.L., Montpellier (France) 

ABSTRACT 

The age and growth of the turbot and the brill have been determined by ob

serving otoliths (sagitta). On these otoliths, the formation of a hyaline zone 

can be seen in the summer and an opaque zone in the winter. 

In both species, the two sexes have identical size/weight relations. By 

contrast, there are wide divergences in the agejlenght and age/weight relations. 

At the same age in both species, the females are always longer and heavier than 

the males. 

1 - MATERIEL 

Notre etude porte sur 329 Turbots ( 171 males et 158 femelles) et 573 Barbues 

(290 males et 283 femelles) dont les tailles sont comprises entre 35mm et 450mm 

de longueur totale (L) chez le Turbot et 140mm a 455mm chez la Barbue. 

Les animaux proviennent de peches effectuees entre 1982 et 1985 dans le 

quartier maritime de sere. 

2 - DETERHINATIONDE L' AGE 

Les sagittas immergees in toto dans du glycerol montrent une succession 

de zones hyalines et opaques concentriques tres nettes qui permettent de determi

ner 1 'age des individus. Une zone hyaline est observable sur le bord de 1 'otolithe 

d 'Avril a Octobre chez le Turbot et d 'Avril a Decembre chez la Barbue ; une zone 

opaque peripherique est presente de Novembre a Mars chez le Turbot et de Janvier 

a Mars chez la Barbue. La presence sur le bord de l 'otoli the d 'un anneau opaque 

coincide avec la peri ode de ponte chez les deux especes. Connaissant la date de 

naissance (debut Avril chez le Turbot et debut Mars chez la Barbue) et celle de 

capture, 1' age peut -etre facilement determine par dB:nornbrement des zones opaques. 

Les males de Turbot et de Barbue etudies ont respectivement 3 a 79 mois et 12 

a 72 mois ; les femelles ont 3 a 48 mois et 12 a 72 mois. 

3 - CROISSANCE 

1) Relation diametre de l'otolithe (DO) -Longueur totale (L) 

Turbot DO = 0,017 L + 0,19 males ; r = 0, 97 

DO= 0,017 L + 0,23 femelles ; r = 0,98 

Barbue DO= 0,02 L + 0,14 males ; r = 0,85 

DO = 0,018 L + 0,53 femelles ; r = 0,90 

2) Relation longueur totale (L en mm) - Masse (W en g) 

Turbot : W = 2,6410-
5 

L
2

'
92 

males ; r = 0,99 

W = 2 , 4710-5 L2,93 femelles ; r = 0,99 

Barbue W = 2,1810-S L
2

'
9 

males ; r = 0,99 

W = 1,6810-S L2 '
95 

femelles ; r = 0,99 

3) Relation Age (ten 12eme d' annee) - Longueur totale (L en mm) 

Turbot : L = 543,74 (1-e -0, 235 (t + O,Z2)) males 

L = 546,39 (l-e-0 • 307 (t + 0 • 12 )) femelles 

Barbue L = 384,49 (1-e -O,S02 (t + 0 • 4 7)) males 

L = 415, 6 7 (1-e -o' 8 ( t - 0 ' 56 ) ) ferne lle s 

4) Relation Age (t en 12eme d'annee) -Masse (Wen g) 

Turbot : W = 2573,88 (1-e -0, 235 (t + 
0 • 22 )) 2 • 92 males 

W = 2591,67 (l-e-0 • 307 (t + 0 • 12 )) 2 ' 93 femelles 

Barbue W = 683, 37 (l-e-O,S02 (t + 0 •4 7))2 • 9 males 

W = 887,21 (l-e-0 ' 8 (t- 0 ' 56 )/• 95 femelles 

4 - COMPARAISON AVEC LES POPULATIONS DE LA COTE ATLANTIQUE FRANCAISE 

Si l'on compare nos resultats a ceux de Deniel (1981), on constate que les 

p€riodes de foi-mation des zones opaques et hyalines sent inversees entre Atlanti

que et M€:diterrannee. On observe chez ces deux especes une croissance plus rapide 

en M€:diterran€e qu'en Atlantique pendant les premieres annees de la vie. 1es taux 

je croissance en M€:diterrannee ralentissent nettement a partir de 4-5 ans alors 

:tU 'en Atlantique le poids et la taille s 'accroissent encore de maniere significa

tive jusqu 'a environ 10-12 ans pour les deux especes. 

5 - BIBLIOGRAPHIE 

- DENIEL C., 1981 - Les poissons plats (Teleosteens, Pleuronectiformes) 

?n Baie de Douarnenez. Reproduction, croissance et migration des Bothidae, Scoph

:halmidae, Pleuronectidae et Soleidae. These, Univ. de Bretagne, 1-476. 
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V-IV9 
AGE ET CROISSANCE DE SOLEA VULGARIS QuENSEL 1806 

DANS LE GOLFE DU liON <f-1ffiiTERRANEE) 

R. VIANET et J.P. QUIGNARD 

Laboratoire d'Ichthyologie, U.S.T.L., Montpellier {France) 

ABSTR.l\CT. Age and growth of Solea vulgaris living in the gulf of Lion 
have been studied, periodicity of the growth rings in the otoliths 
determined, and the theorical growth equations calculated. The results 

have been compared with those obtained by other authors in the Adriatic 
sea and in the North Atlantic ocean. 

II Materiel et methode 

L' etude porte sur 513 indi vidus dont les tai lles se si tuent entre 
40 et 370 mm (maximum observe: 420 rnrn) de longueur totale(Lt} pour les 
femelles et entre 40 et 290 mm (maximum observe:360 mm) pour les males. 

Apres extraction, les otoli thes (sagitta) ont ete observes, immerges 
in toto dans du glyceroLa la loupe binoculaire en lumiere reflechie. 

2/ ~ 

Le sui vi de l 'evolution de la structure des otol i thes nous a perm is 
de determiner la chronologie d' apparition des anneaux hyalin et opaque. 
De juillet a decembre les otolithes presentent une zone marginate hya
line. De janvier a mai une zone opaque succede progressivement a la 
zone hyalin~ ( 90% des cas en avri 1). 

Il se forme done au cours d 'une annee un anneau hyalin et anneau 
opaque. La ponte de la sole ayant lieu en hiver il y a une assez bonne 
coincidence entre celle-ci et la formation de 1' anneau opaque. 

Etant donne la peri ode de reproduction, nous avons fixe la date de 
naissance des soles du golfe du Lion au ler fevrier. 

La date de capture etant connue et celle d 'apparition de 1 'anneau 
opaque etabl ie nous pouvons donner l. age des individus etudies au mois 
pres. 

La majorite des femelles observees a entre 3 et 49 mois (maximum 
84 mois, Lt:42 cm)"'-et celle des males entre 3 et 33 mois (maximum 48 
mois. Lt:36 cm)'f: 

3/ Croissance 

La croissance en longueur et en masse au cours des 8 premiers mois 
de vie a ete decrite par QUIGNARD et coli. (1984). Les equations don
nees ci-dessous sont valables dans les intervalles de tailles et d ·ages 
indiques precedemment. 

a) relations diametre otolithe (D mm)/longueur total.e du poisson (Lt mm) 

D L32.10 -
2
Lt+0,36 (femelles); r ~ 0,95 

D = L 27. 10- 2 Lt+O, 38 (males); r = 0, 94 

b) relations age (t en 1/12 d 'annee)/longueur totale (Lt mm). 

Lt = 515,63 (l-e -0, 268(t+O, 406) ) femelles 

Lt ~ 236,79 (l-e-L 034 (t+0,07 )) males. 

c) relations taille (Lt mm)/masse brute (W g). 
-6 2' 99 

W ~ 8, 63.10 Lt femelles: r " 0, 98 

w 
-':> 

L 09. 10 
94 

males; r ~ 0,99 

41 Comparaison avec les populations de I' Atlantique et de 1 'Adriatique 

L' apparition des anneaux hyalin et opaque est decalee dans le temps 
de 1 'Adriatique a 1 'Atlantique. En Adriatique, l 'anneau opaque se forme 
en hiver (FROGLIA et GIANNETTL 1985); dans le golfe du Lion, on le 
voit apparaitre de la fin de l'hiver au debut du printemps et dans 
l 'Atlantique durant l 'ete (DENIEL, 1981). 

La croissance des 0 + est mei lleure en Medi terranee (QUIGNARD et 
call., 1984) qu'en Atlantique (DE CLERK, 1974; DENIEL, 1981). A l'."ige 
de 12 mois , les soles de l'Atlantique ont une longueur totale d'envi
ron 80 a 120 mm et celles du golfe du Lion et de l' Adriatique (GIRAR
DELLL 1959; FROGLIA et GIANNETTL 1985L 150 a 170 mm. Par la suite 
la difference est mains nette (BACHMANN, 1934; DE VEEN, 1976; DENIEL, 
1981). 

A partir de 4 ans, on note un ralentissement de la croissance des 
soles; celui-ci est plus prononce en Mediterranee et Adriatique ( 
FROGL TA et GIANNETTL 1985) qu' en Atlantique (DE VEEN. 1976; DENIEL, 
1981). 

Enfin, a partir de 3 ans , aussi bien dans le golfe du Lion qu'en 
Atlantique (DE VEEN, 1976; DENIEL, 1981L le taux de croissance des 
femelles est plus important que celui des m."iles. 

5/ Bibliographie 
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V-IV10 
CONTRIBUTION TO THE BIOL03Y OF PASS DICENTRARCHUS LABRAX l. 

(PISCES, SERRANIDAE) IN THE EGYPTIAN MEDITERRANEAN WATERS 

E. WASSEF 0
, N. DOWIDAR00

, A. EZZAT 00 and H. EL-EMARY 0 

• Institute of Oceanography and Fisheries, Alexandria (Egypt) 
co Faculty of Science, Oceanography Department, Alexandria 

University, Alexandria (Egypt) 

ABSTRACT 
~etermination and annual growth of both length and weig-
ht of bass Dicentrarchus labrax L. were made from the examinat-· 
ion and measurments of scales. The relation between fish-length 
and scale-radius was found to be linear and the equation repres
enting this relation is derived.Annulus formation on bass scales 
takes place in between January,27 and February,22 each year.Males 
bass do not grow as fast as females and they tend to be shorter
lived.Maximum values of length and weight attained by bass during 
their first seven years of life were calculated using the VonBer~ 
alanffy 's equation. 

ILLUSTRATIONS 

_f~male 

male 
(A) absolute- growth 
(8) incr~mt'nt 
(C) r~lativl!' growth 

-female 

.malt" 

2.8 (A)absotutr- growlh 

(8)increme-nt 

{C )relative growth 

20 

(A) 

(A) 

40 

30 ~ 

Fig (1)- Growth in length wi~h 
age of bass Q.labrax. 

(lengths in em) 

Lt = 73 • 5458 (l-e-0.07623(t+l.739)) ••. 0' 

20;! Lt = 91.9516 (1-e -0.0572(t+l.8738)) ... '¥ 

10 

Lt = 88 _4782 (l-e-0.0597(t+1.8680)) .• 0'+'< 

Fig (2)- Growth in weight 

with age of bass 
Q.labrax. 

(weights in g) 

(c) 28 wt = 446 1. 6 ( l-e-0. 7623(t+l. 739)) 3.0804 d' 
24 

2o wt = 8471.66 
l-e-0.0572(t+l.8738)) 3.0353 9 
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V-IV11 
AN ATTEMPT OF GROOH PARAMETER COMPUTATION 

FOR sa-1E CCM-1ERCJAL SPECIES OF THE TYRRHENIAN SEA 

M. WURTZ and G. MATRICARDI 

Istituto di Anatomia Comparata, UniversitB. di Genova, 
Via Balbi 5, Genova ( Italia) 

Growth parameters expressed in the Von Bertalan££y <1938> form are 

o£ great importance for stock aaaeasment 11odel coaputation. Because 

o£ the lack o£ these data :for many tyrrhenian coaaercial species, it 

would be useful to coJOplete the available in:£oraation. Length/ 

frequency distributions represent the data base for this work. For the 

Ligurian Sea data have been obtained £roa Bilio <1969> for Herluccius 

merluccius; from Froglia <1984> for ~ ~· Spicara £lexuoaa 

and Boopa boopa; £ro11 Fanciulli and Orai <1979> for Phycia 

blennioides. For the Higher Tyrrhenian Sea, froa FToglia <1984> for 

Diplodua annularia. For the Central Tyrrhenian Sea, from Ardizzone 

<1982> for ~ ~ and from Froglia C19a4> for Trigla ~ 

and ~ vulgaris. Aayaptote length <L. in:£.), K and T0 have 

bean estimated treating data by smoothing techniques (i.e. running 

average>, by coMputing the length o£ each age-claaa by 

decompoai tion o:£ the length frequencies into their gaussian components 

<Bhattacharya, 1967) and finally by aethoda o£ :forced Gulland an Holt 

<1959> plot or Walford <1946> plot aa reported in Pauly (1983) and 

Ricker (1975>. Two eatimationa o£ To on annual baaia are 

reported: the former <TO> have been obtained by the eapirical 

relationship given by Pauly <1983>; the latter <TO•> by the equation 

given by Ricker <1975>, Reaulta are shown in table 1. When poaaible, 

aale <H> and female <F> have been analyzed separately, Total length 

<TL> standard legth <SL> are given in ca. It auat be noted that 

:figures corresponding to TO• 11ight represent a better estimate than 

TO. In :fact TO• baa been derived from the regression o£ Yc(L.in£.-Lt.> 

against X•t <where tcage and Lt.=length at age t> <Ricker, 1975> :for 

each apeciea. For the resolution in the gaussian co11ponenta o£ each 

data aet by Bhattacharya method, the correlation coefficients o£ the 

atraight linea identifying each coaponent were included between 0. 73 

and 0.99 (with more than 92" included between 0.85 and 0.99>. The 

aethoda a11ployed have given good reaulta also when :frequency 

distributions were obtained :froa relatively ••all aaaplea; o:£ course 

this ia true when the age composition o£ the population ia well 

represented in the aa11ple. For exallple, table 2 ahowa a comparison 

between age/length key o£ Herluccius aerlucciua, obtained by Aldebert 

<Oliver,1983) through otoliths reading, and mean length aeries 

obtained :froa our computation. In general the reaulta obtained by 

the method employed are co11parable with others :froa •ore laborious 

methods whoae confidential liaita are often o£ the aa11e width <i.e. 

otolith and acalea reading>, 
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LIGURIAN SEA 
SPECIES 

If. HERLUCCIUS 
H. BARBATUS 
S. FLEXUOSA 
B. BOOPS 
P. BLENNIOIDES 

HIGHER TYRRHENIAN 
SPECIES 

TL 
TL 
TL 
TL 
SL 
SL 

TABLE: 

L.INF 

HF 48.98 
HF 21.05 
HF 20.00 
HF 28.42 
n 28.42 
F 42.10 

K 

0.2095 
1.0880 
0.4405 
0.3793 
0.7972 
0.8951 

TO 

-0.373 
-0.085 
-0.221 
-0.234 
-0.108 
-0.086 

-0.463 

0.344 
0.041 

D. ANNULARIS 

CENTRAL TYRRHENIAN 
SPECIES 

TL HF 21.05 0.3865 -0.249 -0.128 

H. BARBATUS 
T. LUCERNA 
S. VULGARIS 

TL 
TL 
TL 

HF 20.00 
HF 25.26 
HF 35.79 

TABLE: 2 

0.5682 
0.2321 
0.4064 

-0.170 
-0.403 
-0.205 

-1.084 
-0.706 

AGE <YEARS> I II III IV V ---------------------------------------------------------------ALDEBERT LENGTH 12.00 19.80 26.30 
<OLIVER. 1983> 

OUR LENGTH 12.7 19.30 25.72 
COMPUTATION S.D. 1.67 2.82 2.36 

31.80 

29.00 
1.96 

36.50 

33.34 
3.96 ---------------------------------------------------------------



V-VI 
EFFICIENCY OF A DRIFTNET FOR GREY r1JLLETS 

Romano BAINO and Roberto SILVESTRI 

Istituto Scientifico Tecnico di Idrobiologia e Pesca, 
Via dell'Ambrogiana 2, Livorno (Italia) 

''iCIENTIFIC N(lME COf1MON tWt~\E CATCH 

9"f'f~y IHIJ ll et: 

s.::,dd lt~!d br-eam 
:;}mber·· j•.:·,~::h 

hol~s~::~ m•.:.lt.:.~!t.el-·e:.\1 

.;:.tlantic:. bonit~o 
p;:.·,ndor';:.:r 
s-=.:,le:.lm~ 

TAB. 1 Catch composition: 4 years average. 
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FIG. 1 Smoothed catch data: white 
black = other species. 
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V-V2 
CAPTURES DE REQUINS ASSOCIEES A LA PECHERIE ESPAGNOLE DE PALANGRE 

EN MEDITERRANtE OCCIDENTALE DE l~L 1985 
l!, ASPECTS BIOLOGIQUES 

J .A. CAMINAS, J .C. REY, A. RAMOS et E. ALOT 

Institute Espanol de Oceanografia, Centro Costero de Fuengirola, 
Apartado 285, Fuengirola, Malaga (Espana) 

Comme il est dit par Rey et al(l986l, les captures des diverses 
especes de requins, associees aux pecheries de palangre, sont 
significatives par rapport au total des captures de celles-ci. La 
composition en pourcentage des differents especes est variable et doit 
etre en relation avec leur abondance relative et leur comportement face 
aux eng ins de peche. 

Trois especes, Pri'Onace qlauca, Isurus oxyrhinchus et l\,lopias 
vulpinus, composent la majeure partie de ces prises associees autant en 
poids qu'en nombre.Pour les differentes especes aparaissent diverses 
observations biologiques relatives aux aspects suivants: distribution 
de poids, poids moyen annuel, sex-ratio, ainsi que d' aut res 
considerations. 

Prionace qlauca (Linnaeus, 1758) 
Il s 'agit de 1' espece associee la plus capturee, car en 1984 

elle composait 58.8% et en 1985 71.7% des debarquements en 
poids total des requins. Des observa1tions similaires ont ete mises en 
evidence dans d' aut res pecheries de palangre de la Medi terranee (DE 
METRIO, 1981). 

La distribution des captures en poids pour 1984, 1985 apparait sur 
la Figure 1. Le poids moyen pour cette espece en 1984 et 1985 a ete de 
19.4 Kg. et 25.7 Kg. respectivement. 

La sex-ratio corresppondant a 1984 a ete de 0.62 if I 1 0 a1ors qu' 
en 1985 la relation a ete 0.34 ~ ll Q , avec un nombre dt individus 
echantillonnes de 1072 pour 1984 et 2232 pour 1985. 

Isurus oxyrhinchus (Rafinesque, 18101 
Cette espece atteint une grande valeur commerciale similaire a 

celle del'espadon <Xiphias qladius) de ce fait les debarquements 
coincident avec les captures,car les ecarts ne se produisent pas. 

Les debarquements ont suppose le 21.5 % et 15.0 % pour 1984 et 
1985. 

La distribution des captures en poids appara1t sur la Figure 2. 
Le poids moyen annuel des individus en 1984 a ete de 22.1 Kg. et 27.2 
Kg. en 1985. 

La sex-ratio nous donne comme resultat 1.13 if I 1 Q, pour 578 
individus echantillonnes en 1984. En 1985 elle a ete de 1.10 0 I 1 o 
pour un echantillonnage de 551 individus. La relation theorique de 1 0 
: 1 ~ est acceptee pour un niveau de signification superieur a 0.01. 

Alopias vulpinus (Bonnaterre,l788). 
Bien que le nombre d'individus captures soit relativement bas 

(en 1984 3 % et en 1985 2.2 % du nombre total de requins 
captures l le pourcentage par rapport au .Po ids est tres representatif. 

La totalite des individus correspond a l'espece h.,_ vu1pinus. 
La capture d' individus de h.,_ superciliosus (Lowe, 1839 l ayant ete 
nulles • 

La distribution des captures par poids en 1984 et 1985, est 
representee sur la Figure 3. Le'poids moyen annuel de individus en 1984 
a ete de 130.8 Kg. et 136.0 Kq. en 1985. 

La sex-ratio correspondent a 1984 nous donne <l.25 c! I 1 Q et 
1.10 f! I 1 ~ en 1985, les echantillons respectifs ayant ete 68 ef 73 
individus. 

Sphyrna ~ 
Trois especes, ,!4 zyqaena (Linnaeus,l75B), ,!4 lewini <Griffith 

& Smith,l834l et ,!4 tudes (Valenciennes,lB22) composent les captures 
qui figurent sous cette appellation. ,!4 zyqaena represent la majeure 
partie des debarquements ainsi que . quelques individus de ,!4 tudes. Les 
ecarts touchent principalement le ,!4 lewini, done la valeur economique 
est sensiblement inferieure. 

Autres especes 
Le reste des especes associees de requins se capturent en 

petite quanti te autant en nombre qu' en poids p.Quvent ainsi etre 
considerees comme des prises hors serie. Dans d'autres cas, comme celui 
de Dasyatis violacea, les prises sont toujours eccartees. 

Figure 1. 
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V-V3 
L' EXPLOITATION DES REW!NS SUR LES COTES FRANCAISES 

DE MEDITERRANEE (QUARTIER DE NICE) 

G. DELATTRE 0 et J. MAIGRET 0 o 

a Ingenieur Agronome, 54 Grande Rue, Fontaine aux Bois (France) 
Institut Oceanographique, Monaco (Principaute) 

Consideres comme tout a fait accessoires, les captures de Requins ne sont 
bien souvent pas isolees dans les statistiques de pikhe et les chiffres disponi
bles ne sont pas f iables pour ces especes. 

Des observations effectuees a plusieurs reprises dans le quartier de Nice 
nous ont fait penser que les debarquements devaient etre plus eleves qu' il n 'y 
apparait au vu des statistiques. Une etude a ete realisee par: l'un de nous 
(G. D.), entre avril et SBpternbre 1984 afin d' essayer d' evaluer ces quantites. 

1. La peche dans le guar.tier de Nice. 

En 1983, ont ete debarquees sur les ports du quartier maritime de Nice, 
465 tonnes de produits de la peche, dont 343,5 tonnes de poissons. Parmi ceux
ci, et par ordre d' importance dEcroissante : 

- Mugil sop. : plus de 42 tonnes (12,2 %des apports totaux) 

- Sarpa salpa : 40 tonnes ( 11,6 %) ; 

- (Sarda sarda) : 27,5 tonnes (8 %) ; 

- Mullus surmuletus, Dicentrarchus labrax, Scorpaena scrofa 23 tonnes 
(6, 7 %) ; 

- Conger conger : 22 tonnes (6,4 %) ; 

- Scornber scornbrus : 16,6 tonnes ( 4, 8 %) 

- Sparus auratus, Pagellus erythrinus, Lithognathus mormyrus 11,5 
tonnes ( 3, 3 %) ; 

- Thunnus thynnus : 8,3 tonnes (2,4 %) . 

Le reste ( 40,1 %) est compose de bogues ·( Boops boops), sars ( Diplodus 
!?.PP.·) sardines ... , squales et divers poissons marins. 

La peche de la region Cote d 'Azur represente environ 1% de la production 
totale de la Mediterranee fran<;;aise. 

2. La peche des sguales. 

Les squales ne sont pas recherches de fa<;;on systematique. Ils n'ont fait 
l'objet d'aucune exploitation specifique, a l'exception du requin griset ou 
moine. 

Il a ete debarque pour 1983, dans les ports des Alpes-marit·imes 450 kgs 
de squales, comprenant 300 kgs d' emissoles provenant en totali te de eros de 
Cagnes, et 150 kgs de roussettes pikhees a Nice. 

1978 ~ 1979 ~ 1980 1981 1982 1983 ___________________ : ______ : ______ : ______ _ 
Mustellus sp. 660 : 60 550 : 300 
-------------:---:---:---:---:---:---: 

Scylliorhinus sp. 1240 : 3550 : 760 100 : 50 : 150 

Total 1900 : 3550 : 820 100 : 600 : 450 

Tableau n°1 capture de squales dans le quartier maritime de Nice entre 
1973 et 1983 (source : Affaires maritimes, Nice). 

Le bulletin statistique du C.G.P.M. (1983) donne, pour le golfe du Lion, 
les captures de squaliformes entre 1970 et 1980. On observe une chute notable 
des captures de squales qui pas sent de 292 en 1970 a 72 t en 1979. 

Pour 1e littoral des Alpes-maritimes, les conditions sont tout a fait 
differentes. Les apports par port et par espece, mensuels de 1976 a 1979, et 
annuels de 1980 a 1983 se repartissent de fa<;;on inegale entre les differents 
ports. En majorite, les roussettes proviennent, soit de Nice, soit de 
Villefranche, deux villes toutes proches. Les emissoles sont pechees un peu 
partout, rnais plus particulierement a Cros de Cagnes, Golfe-Juan, Cannes, ou 
les pecheurs travaillent frequemment a la palangre de fond. 

En fait la presence continue dans les ports de debarquernent nous a rnontre 
que ces chiffres etaient tres sous evalues car la majorite des captures est vendue 
directernent aux consommateurs ou aux restaurants et ce n' est souvent que le sur
plus qui est enregistre. A Menton ou une enquete a ete faite sur les quelques 
mois de printemps/ete, il a ete impossible d' evaluer les captures de Scylliorhinus 
qui sont faibles mais constantes durant cette periode. - -----

D' autres especes de requins sont captures regulierernent : 

- Alopias vulpinus : environ 10 tonnes (soit 100 a 150 individus captures tl<H' 
les thoniers senneurs, debarques a Sete et exportes vers 1' Italie. ! 

- Prionace glauca : capture all filet derivant ou par les thoniers, au tour 
de Golfe-Juan, Antibes, il se pecherait environ 150 a 200 individus par an soit 
rejet€s1 soit vendus directement aux poissonniers. 

1 

- Hexanchus griseus : est l'objet d'une peche dirigee a Nice et Cros de 
cagnes de juin a septernbre a la palangre par 800 a 1200 m de fond ; 20 a 25 
Griset de 200 kg seraient captures chaque annee. Ils sont vendus directement 
aux poissonniers. 

Au terme de cette etude preliminaire il apparait que les requins consti
tuent sur la Cote d 'Azur une res source accessoire parce que bien souvent ignoree. 
Dans ces conditions il est difficile d' arriver a une evaluation fiable des 
captures qui permettrai t une evaluation des populations. 
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V-V4 
Sa4E BIOLOG !CAL ASPECTS OF COD-END MESH SIZE REGULATION 

ON THE ADRIATIC MULTISPECIES DEMERSAL RESOURCES 

Stjepan JUKIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

ABSTRACT: As a consequence of the intensive fishing effort in a ~1editerranean 

trawl fishery(PEARSE,l980),especia11y in the north-western regions,40 mm 

streched mesh size cod-end was recommended by GFCM(6th session 1978) and was 

accepted by member countries. 

In relation to such reaulative measure for the Mediterranean trawl fishery, 

experimental studies on t~e selectivity of various types of cod-ends were car~ied 
out along the eastern Adriatic Sea coast,central and channel regions,in order 

to assess possible effects of proposed 40 mm cod-end,on biological and economic 

aspects of the co11111erci a 1 trawl fishery. 

For such purposes covered cod-ends experiments were carried out,either by 

research or commercial vessels,in connection to most commercially important 

populations:Silver Hake(Merluccius merluccius L.) ,Striped Mullet(Mullus barbatus 

L.) ,Pandora( Page 11 us erythri nus L.) ,Horse Mackere 1 (Trachurus trachurus L.) and 

Norway Lobster(Nephrops norvegi cus L.) .Results of these experiments ,partly ,are 

presented in this abstract. 

Computation of the se 1 ecti vi ty characteristics of each cod-end ,especially 

of 50% retention point,mean size at first capture(lc) are obtained by means of: 

fitting selection curve on the base of collected data; programmable calculator 

using progra11111e FB 2(PAULY,l984),a.,;nd for comparison,morphometric characteristics 

(girth factor).The following types of the cod-ends were studied:41 mm(210/48 Den) 

55 mm(21@/48 Den),65 mm(210/48 Den),51 lllll(20/18 Nm)all with knots and on research 

vessel; 40 mm(210/48 Den) with knots and 40 mm(210/48 Den) knotless,on the comer

cia] vessel. 

Taking into the consideration nature and characteristics of the Adriatic 

demersal stocks,especially those along the eastern coast(biological,morphometric, 

length frequency distribution) two populations:semi-demersal(M.merluccius) and 

demersal (M.barbatus) were treated in this report,i .e. it has been tri-ed to eva

luate immediate or long-tenn management effects,including bio and economic aspe

cts.Results of the cod-ends mesh size experiments of:41 lll!l,55 mm and 65 mm cod

ends with knots have pointed out (figures)that proposed cod-end of 40 mm by GFCM 

might be partly effective in the case of Striped Mullet population while in the 

case of Silevr Hake,cod-end mesh size should be larger,at least 55 mm. 
It has been stated as well that the other species:Pagellus erythrinus,Tra

churus trachurus and Nephrops norvegicus need to have a larger mesh size of the 

cod-end-, i . e. above the proposed 40 mm. 
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Fig. - Length frequences distribution of the Hake (Merluccius merluccius L.) and 
Striped Mullet (llullus barbatus L.) populations along the eastern Adriatic 
coast, central ailcfC11iinne I reg10ns, obtained throughout of covered cod-ends 
se 1 ecti vi ty experiments with cod-ends of: 41 mm, 55 mm and 65 mm ( s treched 
mesh-size) with knots.---. 50% retention points (lc); f.e. -fishing effort; 
~ lengths at first sexual maturity. 

Respecting nature of Adriatic demersal stocks(unit,shared,n.ultispecies)an increa

ment of the cod-end above 40 mn. \•lou l d 1 ead commercial trawl fishery to economic 

(financial) losses.In connection to our results it seems that 40 n:n; mesh size n•i

ght be applied only over the spawni'nc; grounds(seasonally) and th<~t re~ulation of 

demersa 1 stocks should be search throughout of fi shin<] effort contra 1 approaches. 
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LA PECHE AU CHALUT SUR LA COTE CATALANE 

EvALUATION DE LA PUISSANCE DE PECHL DONNEES PRELIMINAIRES 

P. MARTIN et J. LLEONART 

Institut de Ciencies del Mar, Passeig Nacional s/n, Barcelona {Espana) 

ABSTRACT: Prellminary data on fishing power of trawling vessels in the Catalan coast 
are given. 

R:ESU:M£ On presente des donnees preliminaires relati·;es a l'evaluation de la 
puissance de peche des chalutiers de la cOte car.alane. 

La peche sur la cote catalane est multispecifique. Les fonds etant assez 
irreguliers sur presque toute la cote la pE!che au chalut n'est possible qu'a quelques 
endroits Les lieux de pE!che sont bien identifies par les pecheurs et les especes 
qu 'on y capture sont aussi bien connues. 

Les donnees proviennent d'un echantillonage realise dans quatre ports de la cote 
catalane pendant les periodes Juillet 1981 - Juin 1983 \poo:-+5 de Roses, Blanes et 
L'Ametlla de l>lar) et Aoilt 1981- Juin 1982 <port d'Arenys de J>lar). On a considere 
separement les diferentes zones de pE!che et pour chacune d'elles on a travaille sur la 
capture totale et les especes caracteristiques. On a estime pour chaque lieu de pE!che 
les parametres a et b de l'equation y= ax" 

x - caracteristiques du chalutier <puissance ou tonnage) 
y - capture totale/journee au bien capture/journee de l'espece 

select ion nee. 

On peut voir les resultats de cette evaluation au Tableau I. <toutes les 
valeurs du coefficient de correlation r sont significatives pour un niveau de 
signification 0.05). Seuls les cas ayant un coefficient de correlation significatif 
pour les deux variables ant ete consideres. 

Les differentes valeurs de r obtenues, dans le mE!me lieu de pE!che, avec les 
especes selectionees et avec le total des captures pourraient indiquer que la capture 
d'une certaine espece varie plus a cause des caracteristiques de l'espece <par exemple, 
agregation) qu'a cause des caracteristiques des chalutiers <puissance et tonnage), au 
bien que l'espece ayant "r" plus eleve a une distribution plus homogene sur le lieu de 
peche, au, encore, que la peche est dirigee vers cette espece. 

Finalement, on doit remarquer que des resultats tres significatifs ant ete 
obtenus aussi bien avec la puissance qu'avec le tonnage. Puisque ces deux 
caracteristiques des chalutiers sont tres correlees <r= 0.9356, a=0.6033, b=0.7750, 
s".,=0.0001, n=716 chalutiers, HP=237±249 hp, TRB= 38.05± 32.46 tonnes)), on 
obtiendrait des resultats similaires en utilisant seulement une des variables. 

Il reste encore beaucoup d'aspects a analyser en detail , par exemple, le 
role joue par la correlation dans ce type d'etude et le sens des valeurs de b 
superieures a 1. 

239 

V-V6 
ON THE RELATIONS OF SOME FISHES TO THE DEPTH AND BOTTOM IN THE ADRIATIC 

Radosna MUZINIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The catches formed part of the "Hvar"Fishery biological 
catches, 1948-1949, mainly in the central and 

southern offshore , mostly at less than 200 m. The means 
between the initial and final bottom depths were used. 

The sardine, sprat, anchovy and mackerel were trawled at mean 
depths of 89, 59, 98 anc 124 m,respectively CMUziNic, l973a,bl. In the 
Jabuka Pit (two close pits, contoured by the 200 m isobath, spread as 
a whole across the Adriatic) the sardine, sprat and anchovy were not 
found and the mackerel only exceptionally. It was concluded that the 
Jabuka Pit did represent a transversal barrier to the horizontal 
distribution of the sardine and anchovy, and, to some extent, to 
that of the mackerel, this being supported by the distribution of 
their catches (MUZINic, ibid.). In the whole wider Jabuka Pit area 
(mostly> 150 m) the sardine and anchovy catches were taken exception
ally, and the mackerel catches at about half of the stations. North of 
the Jabuka Pit (mostly<lOO m) all four fishes were often trawled, but 
southwards, within t.he 150 m isobath, the sardine and anchovy were 
very rarely caughc while the mackerel was found at nearly all the 
stations. 

The horse mackerel, Trachurus trachurus (L.), and the scad,Tr. 
mediterraneus mediterraneus (STEIND. ), were trawled at mean depths 
of 144 and 106m (MUziNIC and O.KARLOVAC, 1975). The former was 
recorded at 117 stations,and at 77 of them the latter also occurred. 
They were taken together at a mean depth of 120 m; the horse mackerel 
alone was caught at a mean depth of 17 0 m and the scad alone at 9 0 m 

(MUZINic, in press). In the Jabuka Pit the scad was exceptionally 
caught, while the horse mackerel distribution was continuous(MUziNIC 
and O.KARLOVAC, 1975). In the whole wider Jabuka Pit area the scad 
catches were rarer,but southwards the catches of both were rather 
common. 

Boops hoops (L.), Spicara maena flexuosa RAF. and Sp. smaris (L.) 
were trawled at mean depths of 100, 89 and 99 m,respectively (MUziNIC 
and 0. KARLOVAC, 1975). In the Jabuka Pit the first two were taken but 
only once. In the adjacent waters the three fishes were caught at a 
few stations; southwards the two Spicara were rarely trawled. Thus, 
the three fishes showed a discontinuous distribution CMUziNIC and 
0. KARLOVAC, ibid.) 

North of the Jabuka Pit the scad catches and those with Boops 
hoops, Spicara maena flexuosa and Sp. smaris were obtained at mean 
depths which did not significantly differ CP<0.05) from that of all 
the 83 trawl catches in the area (78 m), while the horse mackerel 
'?atches originated from a.significantly greater mean depth CMUZINIC, 
rn press). South of the Prt (mostly 100-200 m) the scad catches and 
those with Boops hoops, Sp. maena flexuosa and Sp. smaris were made 
at m.ean depths less than that of all the 158 trawl catches in the 
area (131m), the difference being significant CP<0.05); the horse 
mackerel catches originated from a mean depth being not significantly 
different (P< 0.05) (MUziNIC, ibid.).Thus, the horse mackerel did 
show a marked preference for deeper waters. 

The catches of individual fishes were obtained above a sandy and 
muddy bottom in various proportions. North of the Jabuka Pit the horse 
mackerel and the scad catches, and those with Boops hoops, Spioara 
maena flexuosa and Sp. smaris were mostly or exclusively taken above 
a sandy bottom and southwards mostly above a muddy bottom. Between 
the areas highly significant differences (P < 0.001) were found in 
the distribution of their catches and individuals above the two types of 
bottom (MUziNIC, in press). All the trawl catches from the northern 
area were also mostly made above a sandy bottom and all those from 
the southern area predominantly above a muddy bottom. for the 
southern area no significant difference ( P .( 0. 05) occurred in the 
distribution of individual fish catches and all the trawl catches 
above the two bottoms (for the northern area the test could not be 
used) (MUziNIC, ibid.). The five fishes did not seem to have been 
strictly related to the bottom type. 
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V-V7 
THE EXPLOITATION OF THE BWE WHITH£, 

MICR0'1ESISTIUS POUTASSOU <RISSO) IN THE LIGURIAN SEA 

Andrea PEIRANO 

Laboratori di Biologia Marina ed Ecologia Animale, 
Istituto di Anatomia Comparata, Universita, Genova (Italia) 

Resume - On a etudie 1' abondance en nombre et en poid du Micromesistius poutassou 
tenant en comte 1 a profondeur et 1 a structure d' age. C 'est donne 1 e va 1 eur 
de la mortal ite totale Z. 

Summary- It has been studied the abundance in number and in weight of Micromesistius 
at different depths considering the age structure of the population. 

is given the value of the total mortality coefficient Z. 

In 1985, during the first national programme to evaluate the demersal resources 
along the Italian coasts, two surveys were made in the eastern part of the Ligurian 
Sea; one in Spring (March 15th - May 30th), the other in Summer (-August 15th - Septem
ber 15th). Five strata from €l to 700 meters of depth were sampled with a commercial 
vessel of 279 CV with a trawl of 17 mm stretched mesh cod end, covering an area of 
915.4 square nautical miles(Rel ini, 1985). 

Every season were made 28 stations randomly distribuited in proportion to the area 
of the strata, each tow 1 hour long. 

Between the species of commercial interest Micromesist-ius poutassou was one of the 
most abundant. Being the equipment of the vessel commonly used in the fishery the 
results obtained can give a good idea of the exploitation of the blue whiting in the 
zone considered. Altogether 6410 specimens were recorded and 871 otoliths were cal-
l ected. By the saggittae readings a 1 ength-age key was obtai ned and the average 
length ateachage was calculated. These values were comparedwith the ones obtained 
from previou~ studies (Orsi Relini and Peirano, 1983), obtained from samples of the 
years 1978-1982 (Tab. I). 

Tab. I Age 0+ 1+ 2+ 3+ 4+ 5+ 6+ 

Av.length 1985 13.96 18.82 22 26.32 31.24 32 34.67 
Lt. em 1978-82 16.12 20.86 23.99 23.99 30 33.19 37.02 

It is evident that the average lengths of the previous years are greater than 
the ones of 1985, this fact can be attri.buted to a great exploitation of the blue 
whiting on this area that has eeen recorded in a gradual decrease of the catches from 

years of great abundance ( 1978-1980). 
In Tab.2 are given the number of fishes captured during the two seasons in the 

strata from 0 to 700 m divided in age classes. 

Tab. II Age 0+ 1+ 2+ 
Meters 
100-

200-

Spring 
Summer 
Spring 
Summer 

450-700 Spring 
Summer 

191 
1963 

1 
3115 232 

98 377 117 

3+ 

168 
33 
10 
13 

4+ 

37 

10 
17 

5+ 6+ 

The group 0+ is recruited in June on bottoms of 80 m, but it is considered like 
a discard till the end of the Summer when it reaches a minimum total length of 11cm. 

During the second survey this group was captured from 1 00 to 200 m of depth. 
The most important part of the catches is given from the fishes aged 1+ captured 

from 180 to 350m of depth with a maximum of 95 kg/tow/hour; now, considering that 
this fraction is composed of juveniles, the blue whiting in fact spawns for the first 
time at its second yearof life (Orsi Relini and Peirano,1985), this can be the reason 
of the exploitation uoove mentioned. 

In Tab. IV are reported the average catches in weight for the two surveys; new 
substrata have been considered (180-350 m) to underline the bottoms of greater abun
dance and to reduce the coefficient of variation 

Tab. IV 
Meters Spring Summer Av .catch/hour 

100- Kg 1.6 4.3 1.18 
190- Kg 225.45 42.3 33.47 
350- Kg 13.55 1.35 1.66 
450-700 Kg 7:.57 8. 77 0.82 

Finally, with the equation proposed from Gulland (1969) was calculated the total 
mortality coefficient z~ 1.33. 
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V-Vs 
CAPTURES DE REQUINS ASSOCIEES A LA PECHERIE ESPAGNOLE 

DE PALANGRE EN t1EDITERRANEE OCCIDENTALE. 193LL EB5 
!. ASPECTS Hl\Ll EUTIQJES 

J.C. REY, J.A. CAMINAS, E. ALOT etA. RAMOS 

Institute Espanol de Oceanografia, Centro Costero de Fuengirola, 
Apartado 285, Fuengirola, Malaga (Espana) 

INTRODUCTION 
La pecherie espagnole de palangre, de type saisoniere et 

centree sur u~spadon ( Xiphias qladius) en Medi terranee, suppose des 
prises avoisinant les 1000 tonnes par an. Elle est realisee par 
quelques 118 b~teaux, compris entre 1 et 120 tonnes (Camifias,Alot et 
Ramos, 1985). Cette pecherie s'associe ala capture de nombreuses 
autres especes principalement des requins. 

Les especes associees capturees sont les suivantes: 
CHONDRICHTHYENS: Prionacea qlauca, Isurus oxirhynchus ,Alopias 
vulpinus,Sphyrna zyqaena, ~ lewinii,~ tudes,Galeorhynus brachiurus, 
Mustelus mustelus, Galeus qaleus, Carcharodon carcharias, Dasyatis 
violacea. 
OSTEICHTHYENS: Thunnus thynnus, ~ alalunqa, Tetrapt~ belone, ~ 
albidus, Istiophorus albicans, Brama brama. 
CHELONIENS: Caretta caretta, Chelonya mydas. 

Les prises associees de requins tendent a etre peu definies et mal 
representees par les statistiques de peches. Cela est dQ en partie a 
une relative peu grandeur economique par rapport a 1' espece principale 
de la pecherie. Neanmoins, l'incidence de la peche sur les especes 
associees peut avoir une influence decisive sur les populations de 
Selaciens, dont le taux de natalite est sensiblement inferieur que 
celui des Osteichthyens. 

La description des systemes de palangre employes par la flotte 
espagnole en Mediterranee se trouve chez Rey et Alot (1983). 

CAPTURES E:l' ECARTS. 

Nous considerons comme des captures, les debarquements 
effectues au port par la flotte espagnole, sans tenir compte des ecarts 
qui se produisent pendant les peches. Le Table l traduit les 
debarquements de requins en poids et nombre pour les annees 1984 et 
1985. Les requins representent le ll. 7 % de la totalite des 
debarquements de palangre en 1984 et le 14.2 % en 1985. 

1984 1985 

Kg % Kg N % N Kg %Kg N % N 

Isurus oxyrhinchus 35650 21.5 1615 23.1 26106 15.0 959 15.8 
Prionace glauca 97558 58.8 5021 71.7 124474 71.7 4829 79.4 
Alopias vulpinus 27464 16.6 210 3.0 17962 10.3 132 2.2 
Sphyrna sps. 4239 2.6 114 1.6 4764 2. 7 150 2.5 
Galeorhynus brach. ? ? 2 0.0 79 o. 0 2 0.0 
Mustelus mustelus 940 0.6 42 0.6 264 0.2. 12 0.2 
Carcharodon carch. ? ? 1 o.o 

Il est un aspect peu connu et pourtant de grande importance a 1' 
heure de conna1tre les captures reelles: les ecarts qui s' ope rent sur 
les especes de requins d' une valeur commerciale moindre, principalement 
le Prionace qlauca qui est utilise comme appAt. 

La quantite de ces ecarts est en relation directe avec la 
capacite de permanence des palangriers en mer. Les bateaux de plus gros 
jauge sont ceux qui habituellement realisent ces ecarts, alors que pour 
les petites embarcations (de sorties journalieres) cest le contraire. 
Rey et A lot ( 1983) donnent, pour 1 'espece Prionace qlauca, des ecarts 
de 65 % sur les captures de palangre en Mediterranee. Les conclusions 
sont similaires selon les estimations de Mejuto (1985) en ce qui 
concerne la pecherie dans l'Atlantique. 

EFFORT. 

La Figure 1 represente les variations mensuelles de 1' effort 
( nombres d' hameo;ons par nombres de journees I 1000 J • On observe une 
augmentation de 1' effort de peche principalement pendant les mois de 
juillet a septembre , dQe d'une part au changement d'une partie de la 
flotte de palangre qui peche dans !'Atlantique le reste de l'annee, et 
d'autre part au fait qu'un certain nombre d'embarcations habituellement 
consacrees a d' aut res pecheries adoptent cette modalite. 

Fig. 1.- Effort de peche. 1984. 

DEGRE DE COUVERTURE. 

L' information utilisee par le present document correspond au 
78. 71 % des debarquements qui ont eu lieu dans les ports espagnols en 
1984 et au 82.50 % en 1985. 
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V-V9 
ON THE ASSESSMENT OF THE PELAGIC FISHERY RESCURCES IN GREEK WATERS 

Konstantinos I. STERGIOU 

National Centre for Marine Research, Athens {Greece) 

ABSTRACT 
The state of the pelagic fishery resource~ lS exam1ned 

using catches and fishing effort of the purse seinere> for 185':!-1982, 
treated by the exponential surplus-yield model CFox, 1870), in order 
to assess the state of the pelagic fishery resources, optimize 
fishing effort and maximum sustained yield. 

I NTROOUCT I ON 
Fishery mathematical models, used for a rational management 

of fishery resources, are oriented towards Ca) modelling in the 
ligth of recruitment, growth and natural mortality Ce.g. Beverton 
and Holt, 1857), and (b) modelling based on catch and fishing effort 
data CSchaefer, 185':!; Fox, 1870). The latter are particularly 
advantageous when data on population variables are lacking CFox, 
1970). In the present work, the fishing effort and the catches of 
the pelagic C purse-seine) fishery for 196':!-1982, accounting for 
':!7~ of the total catch in Greek waters, are used for the assessment 
of the pelagic resources and the optimization of fishing effort and 
maximum sustained yield in Greek waters, applying the exponentlal 
surplus-yield model proposed by Fox C 1970). 

MATERIAL AND METHODS 
Greek catches of the pelagic Cpurse-seine) fisher~ as well 

as the total number and HP of purse-seiners have been recorded on a 
monthly basis through the local custom authorities for 196':!-1982 
(National Statistical Service of Greece, 1968-1985). On the 
assumption that enviromental factors other than fishing do not 
influence marine populations, the catch per unit of fishing effort 
U, fishing effort F and equil_ibrium yield are used in the linear 
surplus-yield model (Schaefer, 195':!), assuming logistic growth, and 
in the exponential surplus-yield model (fox, 1970), assumlng 
Gompertz exponential growth. Since the coefficient of determination 
was found to be higher in the case of an exponential cr2- 0.86) than 
linear cr2- 0.77) relationship, Fox's (1970) model was applied. 

The following rela~.:~:~J;~s w~~~ used: 

Ye-FUcoe C2) 
where: u- catch per unit of fishing effort 

Uco- catch/effort proportional to maximum population size 
b- functional regression coefficient 
F- fishing ef'f'ort 
Ye- equil_ibrium yield 

and according which: 
Fopt-b-1 C3) 

Uoot -Ucoe-1 c ':i) 
and Ymax-Ucob-1e 1c 5) 

Greek pelagic catch/effort, in other words abundance, 
kg /HP, whereas time period in concern is the "year". 

lS glven as 

RESUL IS AND DISCUSS I ON 
Two assumptions are inherent in the model: 1) the mean 

population size P is a function of' F', and 2J Ye is a function of P 
and F, both of which are not always f'ully met lnasmuch as cl imatlc 
conditions influence P. Both, however, may be treated as the edge 
deviations f'rom the mean conditions predicted by the model CFox, 
1970). The value of' the coef'ficient of determination cr2 -0.86) 
satisfied the first assumption. The equation that describes the 
catch/ef'f'ort as a function of fishing effort F is: 

U-1165' 21e-0.0000127F 
the optimum effort F'opt-78, 697 HP, 
the optimum catch per (optimum) 
ef'f'ort Uopt-':!30 kgr/HP, and the 
maximum sustained yield Ymax-
33,930 tons The equil ibrium 
yield curve and the relationship 
among catch/eff'ort and effort are 
shown in Figures 1 and 2 from where 
it becomes clear that the pelagic 
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Fig.l. Exponential equillibrium 
yield curve for pelagic fishery ln 

Greek waters, 196':!-1982. 

fishery resources are apparently 
very well described by the 
exponential surplus-yield model of 
Fox Cl970J. In general, there is 
an indication of overfishing. 
Fishing effort and catch/effort in 
1980-1982 exceeded Fopt and Uopt 
which were reached in 1979 CTable 
1, Fig.1 and 2). The mean 1976-1981 
yield is around the Ymax, while it 
slightly exceeded Ymax in 1982 
CTable 1). Fishing effort must be 
kept at that level, mainly by not 
issuing new licences. 

TABLE 1 
Annual pelagic catches, HP of 
the purse-seiners, and catch 
per ef'fort, in Greek waters, 

186':!-1982. 

Year Catch Catch/HP HP 
-----------------------------
186':! 28,8'!3 1,11':! 20,316 
1965 22,072 1,03':! 21,353 
1966 21,387 88':! 2':!,212 
1867 22,757 810 28,088 
1868 23,3'!1 706 33,075 
1969 25,7't't 758 33,965 
1970 21,501 570 37' 750 
1871 22,761 581 39.165 
1972 28,722 725 39; 637 
1973 32,5'!7 667 ':!8,785 
197':! 27,087 ':!99 5':!,252 
1975 28,676 ':!96 58,8':!8 
1976 35,0'-J':i Sl':i 68,1':!9 
1877 33,017 'iSS 72,511 
1878 32' 672 ':!26 76,652 
1979 3':!,3':!3 ':i':iO 77 '877 
1980 3':!,858 ':!32 80,778 
1981 3':!,277 393 87,212 
1982 38,331 ':!37 80,080 
-----------------------------
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Fig.2. 
F and 
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relatlonshlp among 
U ln Greek waters, 

196':!-1982. 
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V-VIO 
ON THE ANCfPVY AND PILCHARD FISHERY IN GREEK WATERS, 1964-lgg2 

Konstantinos I. STERGIOU 

National Centre for Marine Research, Athens (Greece} 

ABSTRACT 
The anchovy and pilchard yield J.n Gr-eek uatsr-s lS r·svlewed 

f'or 186':!-1982. The mean annual anchovy and pilchard land1ngs number 
7,820 tns and 11,380 tns,respectively, acounting for 61~ of the 
mean annual total yield of the Greek pelagic flshery, whlch changed 
from a f'ishery dominated by pilchard, in the late 1960's, to one 
mainly dominated by anchovy in the late 1870's -early 1980's. 
Possible £'actors responsible for such a shift are discussed. 

INTRODUCTION 
The European pilchard C Sardina pllchardus J and anchovy 

C Engraulis encrasicolus ) fisheries ranked 9th and 13th 1n the 
1983 world f'ishery production, with a mean (1880-1983) annual catch 
of' 926,500 tns and 712,500 tns, respectively CFAO, 188':!). The 
Mediterranean (including the Black Sea) mean C1980-1883J annual 
catch of' anchovy and pilchard accounted f'or 87.5~ C623,':i00 tnsl and 
2':!.2~ C22':i,OOO tns) of the world anchovy and pilchard yield, and 
comprised ':!7.6~ of the mean total annual Mediterranean fishery 
catch C-1,772,500 tns) CF'AO, 198':!). Switches in the dominance of 
catch between pilchard and anchovy has been reported from various 
areas in the Mediterranean Sea and in other marine raglans Ce.g. 
GFCM, 1982). Indications are that this holds for the Greek waters 
also. In the pres.ent work, the f'isheries of anchovy and pilchard in 
Greek waters is reviewed f'or the 196':!-1982 period. 

MATERIAL AND METHODS 
Greek catches of' anchovy and pilchard have been recorded 

on a monthly basis through the local custom authorities since 186':! 
CNational Statistical Service of Greece, 1968-1985). All mean 
values are ref'ered to the 196':!-1982 period. 

RESULTS AND DISCUSSION 
The mean annual anchovy and pilchard landlngs are 7,820 

tns and 11,390 tns,respectively,and represent 12.8~ and 18.8% of 
the mean total annual Greek f'ishery landings accordingly C-60,700 
tns). Ninety six percent of' the mean annual anchovy catches and 
87.6~ of the pilchard catches is attributed to the purse se1ne 
f'ishery, accounting f'or 61~ of the mean annual total yleld of the 
purse seine f'ishery. Greek catches of anchovy and pilchard 
represent a small portion of the total mean annual catches of these 
f'ishes in the Mediterranean Sea (including the Black Sea) C2~ and 
5~ accordingly). 

The landings of' pilchards decreased from 13,000 in 186':! to 
8,800 tns in 1970, then increased 'to 13,200 tns ln 1873 and 
declined again slightly to stable levels C12,000 tnsl for 197~-1982 
(fig. 1), mainly because fishermen do not pursue pilchard 
intensively since the late 1970's due to low market demand. Anchovy 
landings, on the other hand, rose from 5,500 tns in 186':! to 8,500 
tns in 1972, then declined to 5,600 tns in 1975 and rapidly 
increased to 1':!,200 tns by 1982 Cfig. 1). The antiphase for the two 
curves is evident, especially for the 196':!-1975 period. 

The anchovy/pilchard catch ratio, which essentially J.s 
independent of' fishing ef'fort, increased from 0.':!2 in 196':! to 0.88 
in 1971, declined to O.':iS by 1975 and sharply rose to 1.15 by 1982 
(fig. 1). Hence cyclic variations in the relative abundance of 
these species are observed, and anchovy~ representing 22~ of the 
purse seine catches in 196':! and 
3':!% in 1982, partially replaced 
pilchard, representing ':!8~ of' 
the purse seine fishery in 196':! 
and 25~ in 1982, becoming the 
dominant species of the Greek 
pelagic fishery in recent days 
CStergiou, unpublished data). 
Furthermore, the annual 
percentages of anchovy and 
pilchard in the Greek purse 
seine f'ishery f'or the 196':!-1982 
period are highly significant , 
negatively correlated with each 
other cr--0.53, p<O.Ol) 
CStergiou, unpublished data), 
whereas the same has been f'ound 
for the Pagasi tikos Gulf, Greece 
CStergiou, unpublished data), 
which cfearly show a tendenc!J of 
shifts in dominance of' catch 
between pilchard and anchovy. 

The replacement of 
pilchard catches by anchovy 
catches has been also documented 
for other areas of' the world, as 
for example an the Mediterranean 
coast of Marocco CTurner and 
Bencherifi, 1983), at Castellon, 
Spain, CLarraneta, 1981), in the 
Spanish Alboran and in the 
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Fig.1. Anchovy and pllchard 
catches, and catch ratio CA/PJ 

in Greek waters, 196':!-1982. 

region of' Algiers CGFCM, 1983), ln the AdrlatJ.c Sea 
(Alegria-Hernandez, 1983) and of'f' Cal~ifornia CSoutar and lsaacs, 
197':!). Moreover, these changes have .been attributed to Blther 
overexploitation or climatic changes. 

The analysis of' the Greek pilchard purse-seine catch per 
unit effort for 196':!-1982 showed that pilchard catches were well 
beyond the optimum catch per ef'fort in 1975-1982, indicatJ.ve of 
overfishing CStergiou, unpublished data). In this case a crash of 
the pilchard f'ishery is to be expected in the near future. The 
f'act, however, that the decline of the pilchard population and the 
increase in anchovy abundance that took place in 196':!/1965 at 
Castellon, Spain, CLarraneta, 1981) went along with a decrease ln 
pilchard catches and a rise of anchovy catches in Greek waters ln 
196':!/1965 (fig. 1) may reveal that large-scale phenomena, namely 
climatic changes, are responsible f'or these widespread shifts in 
abundance. 
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V-Vll 
PRE-WAR FLUCTUATIONS IN THE FISHERIES OF ScORPIONFISH, 

RED f'luLLET AND STRIPED r1.JLLET IN GREEK WATERS 

K.I. STERGIOU and D. ZOUROUDIS 

National Centre for Marine Research, Athens (France} 

ABSTRACT 
Long-term changes ~ n the abundan::R of reel mullet 

C Mullus barbatus ), striped mullet ( M.ullus surmelatus) and 
scorpionfish C Scorpaena scrofa , S. notate ) during 1928-1939 agree 
well with those of the air temperatut"e at Ihessaloniki, northern Gt"eece · 
Catches and air temperature 1nct"eased ft"om a low in the late 1920's to a 
peak in the 1930's. 

INTRODUCTION 
Fluctuations in the abundance of marine fish have been t"ecot"ded 

in various marine regions, linked to hydrometeorological fluctuation:; 
CHjort, 191'1; Jensen, 1939; Taylor gJ;_ !!.1. , 1957; Cushing and Dickson, 
1975; Stergiou, 198'1). No such infot"mation is available fot" the 
eastern Medi tet"t"anean Sea. 

MATERIAL AND METHODS 
Pre-war Gt"aek catches of red mullet/striped mullet and 

scot"pionfish, as well as the total numbet" of trawlers and se1ners have 
been t"ecorded on a monthly basis for 1928-1939 CGreek Fishet"ies 
Statistics, 193'1-19'10). Annual yield was expressed as kg /boat. There 
a•e no data concerning the pre-war sea tempet"ature changes in Greek 
waters. Nevertheless, it has been shown that there is a good agt"eement 
between the air and sea-surface temperature fluctuations Ce.g. Iaylo• 

gJ;_ !!.1. , 1957; Dunbar, 1982; Stergiou, 198'1). Thus, the air temperatut"e 
at Thessaloniki, not"thet"n Greece, indicated for 1892-1973 by Flocas 
and Papadimitriou C1S7':t), will be used to desct"ibe long-term trends 
Greek watet"s. 

TABLE 1 
Annual catches, in metric tns, 
of red mullet+striped mullet 
C1), scorpionfish C2) and total 
number of trawlers and seiners 
(3) in Greek watet"s, 1928-1939. 

Yea• 2 3 
-------------------------------
1928 333 .':t 30.2 '1'19 
1929 '151.3 7'1 .5 595 
1930 739.5 80.9 555 
1931 773.5 128.3 538 
1932 728.5 10'1 .6 b65 
1933 623.8 75.3 5'13 
193'1 77'1.3 109.2 518 
1935 757.7 132.9 500 
1935 839.2 1'10. 7 527 
1937 1 '003 .0 113.0 511 
1938 1' 339.5 12'1.5 665 
1939 1, 081.6 127.1 582 

Total 9,'155.0 1,2'11.0 

Mean 788.0 103.'1 579 

~ 
~1300 
;:; 

~ 
(.) 

500 
1928 ±---::;:,19r.::32,..---.,.,1 3.,.,6--1c:l93::-:-9 12 

YEAR 

Fig.l. Annual Greek catches, 1n 
kg /boat, of red mullet + striped 
mullet C1) and scorpionfish (2), and 
'air T (3) at Ihessaloniki, 1928-1939. 

RESULTS 
The catches of the red mullet/striped mullet and scorpionfish 

and the numbet" of trawlers in 1928-1839 are shown in Table 1. Mean 
annual catches were 788 and 103 tons of red mullet+striped mullet 
and scorpionfish accord1ngly. 

Long-term changes in the abundance, expressed as kg /boat, of 
red mullet/striped mullet and scorpionfish parallel the air temperature 
vat"iations at Thessaloniki CFig. 1). There is an increase to a peak 
around 1930-1931, followed by a decline to a trough in the mid 1930's 
and an upwa•d tt"end to a maximum in the late 1930's. The curve for red 
mullet+stt"iped mullet shows opposite trends for the last four years with 
those of air temperature and scorpionf'ish. The similar-ity is even mor-e 
pronounced when the 5-year moving averages ar-e taken and hence the 
short-tet"m ef'f'ect is masked. The long-term incr-ease in the catches from 
the late 1920's to a peak in the mid 1930's parallels the uptur-n tr-end 
of the air temper-atur-e. 

The annual and the 5-year- running means of' the r-ed mullet-striped 
mullet and scorpionfish catches wer-e signif'icantly cor-related with the 
annual C r-~o. 55, p<O. 01 and r-•0. 6'1, p<O. 05) and the 5-year- r-unning means 
Cr-0.95, p<O.OOl and r-0.92, p<O.OS) of the air temper-ature at 
Thessaloniki. 

DISCUSSION 
As it was shown, a rise in the red mullet/str-iped mullet and 

scorpionfish catches is associated with war-m water-s, as is inf'er-r-ed 
fr-om the air tempet"ature r-ecord. Annual sea temperatur-e variations are 
considered to be a primary factor leading to oscillations in demer-sal 
and pelagic f'isheries (e.g. Hjor-t, 191'1; Jensen, 1939; Taylor- ~ , 
1957; Cushing and Dickson, 1976; Stergiou, 198'!). An incr-ease of' water 
temperatur-e hastens gr-o.wth and egg and lar-val development, intensifies 
the process of' pr-otein metabolism and inf'luences the amount of' the 
available f'ood for- f'ish. Sea temper-ature change, however-, is only one 
consequence of' mat"ine climatic f'luctuations, which involve changes in 
the salinity, intensity and dir-ection of' cur-r-ents, nutr-ients, and depth 
of' mixed layer as well, and ar-e closely associated with atmospher-ic 
changes. The biological responses to climatic f'luctuations involve 
changes in the amplitude, spr-ead and timing of' pr-oduction, as well as 
changes in the distribution, abundance and repr-oduction of' the var-ious 
planktonic, benthic and nektonic organisms. 

Uarious aspects of climatic change, that may af'f'ect the 
abundance of these fish, may be questioned. For- instance, does the 
ovet"lap between the distribution of' the larvae of' these f'ish and of 
their food C "match-mismatch" hypothesis) (Cushing and Dickson, 1976), 
change along with a change in the climate:does the amount of' nutr-ients, 
plankton and benthos biomass in the eastern Medi tter-enean Sea change 
along with a change in the Meditterenean climate, and how? Yet, does the 
extent of the nursery area of' these species change along with a change 
in the current intensity and direction, if' any, and how? In any case, 
the piec~es of' evidence hither-to pr-esented do, however-, pr-ovide 
cumulative suppor-t that climatic change holds a key· to the abundance of' 
these fish Greek waters. 
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V-V12 
EFFECT OF THE CHAI\GES IN BIOLCXJICAL AND OCEANCXJRAPHIC CONDITIONS 

ON THE SARDINEa FISHERIES IN THE SouTH-EASTERN OF THE f~EDITERRANEAN SEA 

W.F. WADIE 

Institute of oceanography and Fisheries, Kayet Bey, Alexandria (Egypt) 

ABSTRACT : 

Before damming, the Nile discharge was the main reason 
for the high biological productivity of the shelf wa~ers of 
the South-eastern part of the Mediterranean Sea. Th~s was 
due to the great amounts of organic substances and mrnera~ 
particles brought to the shelf wa~ers o~ the sea_by the rrver 
Nile discharge through its two trrbuta:res (Damrett~ and 
Rosetta). After the erection of the Hrgh Dam, the Nrle water 
started to decrease in 1965. From 1968 on the annual total 
discharge averages only one-tent~ of the average value .for 
the period prior to 1964. The drscharge usually ?ccurr~d from 
July-August until December. January, and the max~mum drsc~arge 
observed in September-October. At present? the drscha:ge rs_ 
only trough the Rosetta branch and the maxrmu~ amount IS ~e~rs-6 
tered in winter (Gerges, 1976). Before damm1ng,_about 5t x 10 
tons of suspended solid particles entered the Medite:ran~an 
each year. The solid and organic dischar~e of_t~e ~Ile IS the 
main source of sediments of silt of organic origin In the south
eastern part of the Mediterranean. Since the construction of 
the High Dam, over half of the yearly solid discharge from_the 
Nile settles in lake Nasser. Consequently, the concentration 
of suspended solid particles in the Nile has ~een greatly 
reduced, and at the present tim~ the ~ea receives.less that 
10% of the volume of silt material whrch entered It before 
damming. As a result of t~is, the phosphate content noa f~}ls 
within the low eastern Mediterranean range (0,4-0,10 ~g 1 ) , 
and consequently, the whole food chain is affected. 

As early as 1965, the September phytoplankton bloom ha~ 
dropped to about 10% of its 1964 value _ (Halim, 1976). Thr~ 

0 
sharp reduction in the plankton production affects the Sardine 
catch along the Egyptian Mediterranean coast. 

In this area Sardinella aurita (Cuv. & Val.) constitutes 
about 75% of the'total catch of the Sardines? 

In 1962, the maximum average monthly discharge of the River 
Nile was in September and the biggest sardine catches were 
observed in October. For three months (Septembe~-November,1962) 
the river discharge contributed about 73 % of the annual value, 
within this period, 95 % of the annual sardine catch was produ
ced in the shelf. 
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From 1966 till 1978, a clear progressive reduction in sardine 
landings has occurred. The catch decreased from 18166 ton 
representing about 48 % of the total catch from the south-eastern 
part of the Mediterranean Sea to 463 ton in 1968 representing 
3.4 % of the total catch. 

The study carried out in the area comprising Damietta and 
Rosetta (highly affected by the Nile discharge) revealed that 
in the period from 1962 to 1965, the sardine catch reached 
16321 ton in 1962, 9946 ton in 1963, 6639 ton in 1964 and 7061 
ton in 1965, starting from 1966 as a result of the construction 
of the High Dam. The sardine catch in the above mentioned area 
decreased to 989 ton in 1966; 133 ton in 1968 and a minimum of 
only 20 ton in 1970 (Bishara, 1985). 

From 1977 an increase in sardine production is observed 
where the average annual production contributes to about 3652 
ton compared with 829 ton in the period from 1967 to 1976. 
This increase in the sardine in the last few years can be 
attributed to two reasons, the first is the general decline in 
the catch from the south-eastern part of the Mediterranean Sea, 
and the second is the introduction of purse-seine which usually 
operates at depths varying from 12 to 35 Fathoms, while the 
sardine gill nets are carried out at depths not than 10 fathoms 
(Faltas, 1983). 

So, the introduction of purse-seine depending on light attr~
ction in the last few years proves its high effeciency in obtai
ning the largest possible quantities of pelagic fish specially 
sardine and hence to compensate the drastic fall in sardine 
production after damming. 
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V-VI1 
STUDIES ON PROTEIN REQUIREMENTS OF YOUNG GREEN TURTLE CHELONIA MYDAS l. 

M. HADJICHRISTOPHOROU 

Ministry of Agriculture and Natural Resources, 
Fisheries Department, Nicosia {Cyprus) 

Fifteen '18 nonth old, ir:uJ.ature :~;reen turtles (320-4GO c) 

were tested in r;re>ups of three in this experinent. The anii.J.als 

were kept in recirculatinc seanater at 25°C tenperature. Five 

purified protein (casein) diets with protein levels of 20%-60% 
at 10% increillents were used. 

It has been found that crowth increased on all diets (see 

fieure). There was no levellin3 off of the curve of weicht up 

to the hi~;h :;rotein levels (60%) in the dry diet. 
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Growth increased on all diets with increasine protein level, 

althou0h to a lesser decree with the diet exceedine 50% pro

tein. Weic;ht cain seews to increase as the protein level in

creases. That increillent is proportional to the levels of 

protein until one certain point ·i.e. increasine the protein 

level 20% to 30% and fron 3C% to 4(% the avera~e weieht e:ain 

durinc the 63 days of the experiment increases at 22.'1 and 

24 B respectively. The bie:e:est increnent is observed between 

the protein levels of 40% to 50% which is 45.1 e· Between 

50% and 60% the weic;ht cain decreases fron 45.1 ('; to 29.7 e;. 
This means that sreen turtles can assimilate hieh level of 

protein and feedins on seac;rass which has low protein ('13%) is 

not because of physiolocical limitati9ns but because of ecolo

eical considerations, (Hadjichristophorou and Grove, 1983). 

~"'Dt;her explanation could be the assunr')tion that turtles con

vert the additional protein to body fat as happens in conoon 

carp (Cyprinus carpio), (O::;ino and Saito, 1970). 

DuriiJG this resea:rch work it w~s also found that turtles 

kept separately in different compartucmts did not develop 

skin lesions and turtles that had them-were cured with little 

treat;1ent (r;entian violet) indicatinc the possibility the.t 

stress raay be a factor in the develop;_aent of these lesion 

which are frequent in com1unal tanks and car;es. The indivi

dual conpart;.1ents used, cormunicate and a siLlple bioloeical 

filter was used to treat the water f'lr che whole system of 15 
compartnents. 
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V-VI2 
STATUT ACTUEL DES TORTUES DE MER EN MffiiTERRANEE 

J. MAIGRET 

Institut Oc€.anographique, Monaco (Principaut€.) 

Six especes de Tortues de mer sont signalees en Mediterranee. Parmi elles 1 

seule Caretta caretta est fr8quente dans toute la r8gion, tandis que Dermochelys y 
est occasionnelle. Chelonia mydas semble strictement limit8e a la Mediterran8e 
orientale. La revue des travaux effectues permet de preciser les zones de 
reproductions recensees. 

Six species of Sea Turtles are reported of the Mediterranean sea. Among 
them, Caretta caretta is frequently funded in all the ·sea while Dermochelys is 
occasional. Chelonia mydas is strictly limited in the eastern Mediterranea. The 
reviews of works allows us to specify the recorded nesting area. 

Les Tortues de mer paraissent assez frequentes en M€:diterranee, malgre cela 
leurs populations res tent encore mal connues. Si leur presence est signalee depuis 
l 'antiquite, les scientifiques n' ont jamais prete attention a ce groupe pourtant 
remarquable et qui fut l'objet d'une exploitation jusque dans les annees soixante. Ce 
n 1 est que recemment que quelques chercheurs s 'y sont interesses ; tout d 1 abord en 
MBditerranee orientale oil les populations sent plus importantes, puis tout recemment 
en M8diterranee occidentale, et notamment en France aU un groupe de scientifiques 
ayant travaille dans les regions tropicales : Reunion, Guyanne, Afrique de l'Ouest, a 
elabore un programme de recherche incluant plusieurs actions ayant pour but une 
meilleure connaissance des populations des Tortues de mer de Mediterranee. 

Dans le cadre de la C.I.E.S.M., il est apparu utile de regrouper la 
bibliographie peu nombreuse, rnais dispersee, et de dresser un bref €:tat des 
connaissances. 

Statut des esneces en MBditerranee 

Lepidochelys kempi {GARMANN, 1880), signalee en 1929 a Malte ou deux 
individus auraient ete captures (BRONGERSMA et al., 1983). 

Lepidochelys olivacea {ESCHSCHOLTZ, 1829) a ete signalee en Turquie par 
BASOGLU (1973) et GELDIAY et al. {1981). 

Ces deux esp8ces apparaissent extr§mement rares et les observations sont 
probablement le fait d' individus erratiques arrives en Mediterranee sci t par 
Gibraltar pour L. kempi, originaire de lamer des Caraibes, soit par le canal de Suez 
pour L. olivacea que l 1 on rencontre dans l'ocean Indien. 

Eretmochelys imbricata (LINNE, 1766) n' est signalee qu' une fois en 
Mediterranee occidentale, en rade de Marseille {MOURGUE, 1909). Elle est mentionnee 
dans plusieurs ouvrages de biogeographie des reptiles en Turquie, Grece et Israel 
{MERTENS & WERMUTH, 1960 ; HOOFIEN, 1972). Son observation, extremement rare, doit 
€tre due a des animaux erratiques comme pour Lepidochelys. 

Dermochelys coriacea {LINNE, 1766) est rencontree en petits nombres dans 
toute la Mediterranee et semble s'y etre reproduite {BRUNO, 1969, 1970, 1978). On la 
signale en Turquie {ONDRIAS, 1968), Israel {HOOFIEN, 1982), Italie -notamment en 
Sicile- {BRUNO, 1970 ; CAPRA, 1969 ; DI PALMA, 1978). DE METRIO et al. { 1983) 
signalent la capture de six specimens entre 1979 et 1981 par les pecheurs de thons du 
golfe de Tarentano. Elle est signalee regulierement sur les cote de France {DUGUY, 
1983) ou un recensement est en cours {OLIVER, sous presse). 

Chelonia mydas {LINNE, 1758) n'est rencontree qu'en Mediterranee orientale : 
Turquie et cotes egeennes de la Grece { ONDRIAS, 1968), Israel { HOOFIEN, 1972 ; SELLA, 
1980) et en mer Noire sur les cotes de Bulgarie (BESKOV & BERON, 1964). Elle pond sur 
les cotes de Turquie (GELDIAY, 1981) et de Palestine ou elle a ete exploitee avec 
Caretta caretta. SELLA { 1980) donne une estimation des captures d' apres ABU HANAFI en 
1930 : 600 individus etaient captures, dont 90 % pouvaient etre attribues a Chelonia 
mydas. Entre 1963 et 1971, 53 tortues vertes ont ete capturees dans la baie d'Haifa, 
soit 33 % des captures totales. BRUNO et MAUCERI { 1976) la signale dans la faune des 
reptiles de Sicile, mais elle ne semble pas y avoir ete observee recemrnent. Aucune 
observation n'est signalee dans la litterature pour la Mediterranee occidentale. 

Caretta caretta {LINNE, 1758) est la plus abondante et egalement la plus 
largement repartie dans tout le bassin mediterraneen. C' est aussi celle qui supporte 
le mieux les eaux temperees et qui a la repartition la plus septentrionale. 

Bien etudiee en Mediterranee orientale, elle s'y reproduit en de nombreux 
sites de pontes :en Grece {MARGARITOULIS, 1982), Turquie (GELDIAY et al., 1981), en 
Palestine et Israel {SELLA, 1980). La reproduction sur les cotes d' Egypte, Lybie et 
de Chypre est probable, mais aucune information n 1 a ete trouvee dans la li ttt-§rature. 
En Sicile et les cotes voisines, la ponte est signa lee par DI PALMA ( 1978) et 
d'autres auteurs, mais aurait beaucoup diminue ces dernieres annees, tout comrne sur 
les cotes d'Israel {SELLA, 1980). Elle se reproduit egalement en Tunisie (ARGANO & 

BALDARI, 1982) et peut-etre en Algerie ou les informations obtenues devraient etre 
confirm€es. En Corse, sa reproduction ancienne est confirmee, mais il semble 
improbable qu' elle s' y reproduise encore {DELAUGERRE, com. pers.). Des pontes 
auraient lieu egalement sur les cotes Ouest de la Sardaigne et en Adriatique {ARGANO 
& BALDARI, 1982). 

Les observations et les captures sont frequentes sur les cOtes fran~aises, 

espagnoles, alg8riennes et marocaines, rnais la reproduction n'y a jarnais ete 
signalee. En fait, la Mediterranee occidentale est pratiquement depourvue de sites de 
pontes alors que les captures y paraissent importantes. DE METRIO et al. ( 1983) 
donnent des estimations de captures par la peche thoniere dans le golfe de Tarente 
dans le Sud de l' Italie : - 1978 : 226 individus 1980 : 280 individus 

1979 : 964 individus 1981 : 341 individus. 

Il est probable que les populations sont consti tuees de tortues provenant 
des zones reproductr ices de Medi terranee orientale et de l 'Atlantique. 

Perspectives 

Des programmes de recherches destin€es a evaluer les populations, B. 
localiser et prot€ger les sites de pontes ant d8but8 en Gr€ce, Turquie, Israel. Les 
Tortues de mer sont toutes protegees et inscrites sur la liste 1 de la Convention de 
Washington. Si l'on veut que les programmes de protection aboutissent a une 
reconstitution des stocks, il est indispensable que cessent au plus vi te les captures 
occasionnelles dans toute la M8diterranee et que scient connues avec precision 
l' importance des populations et leurs migrations. 
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V-VI3 
LA TORTUE LUTH, DERMOCHELYS CORIACEA (LINNA.EUS, 1766) 

SUR LES COTES FRANCAISES DE LA 11EDITERRANEE 

Guy OLIVER 

Laboratoire de Biologie G8n€rale, Universit8, 
Avenue de Villeneuve, Perpignan (France) 

Resume : L 'auteur a recense 30 captures et observations de Tortues luth, Dermochelys 

coriacea (linnaeus, 1766), sur les cotes fran~aises de Ia Mediterranee. 

Summary : The author .surveys 30 records of Leathery Turtles, Dermochelys coriacea 

(linnaeus, 1766), captured or sighted off the French Mediterranean coasts. 

Une dizaine de captures et observations de Tortues luth, Dermochelys coriacea 

(linnaeus, 1766), sur les cotes fran<;aises de Ia Mediterranee, Corse comprise, figurent 

dans Ia litterature recente (CAPOCACCIA, 1967 ; BRUNO, 1976 ; FRETEY et SOUR, 

1980 ; DUGUY et DURON, 1982 ; DUGUY, 1986). Certaines informations anciennes, 

maintenant oubliees, d'autres restees inedites ou seulement relatees dans les journaux 

locaux, ont permis de recencer 30 specimens depuis un peu plus de 4 siecles (OLIVER, 

1986). 

Les deux tiers de ces observations sont localisees sur les cotes du Golfe du 

Lion ou dominent les plages sableuses et un tiers sont situ~es entre SETE et PALAVAS. 

Les 19 dates connues indiqueraient que Ia Tortue luth est presente en Mediterranee 

fran<;aise de juin a novembre. Dans l'etat actuel des connaissances, il n'est pas possible 

d'attribuer une signification particuliere a ces constatations. 

Le nombre d'observations signalees en Mediterranee (CAPOCACCIA, 1967 ; 

BRUNO, 1970 et 1978 ; OLIVER, 1986) diminue d'Ouest en Est (69 en Mediterranee 

occidentale, 18 en Adriatique et sur les cotes tunisiennes, 6 en Mediterranee orientale) 

et semble conforter !'hypothese d'une origine Atlantique des Tortues luth de Mediterranee, 

du mains d'un certain nombre d'entre elles qui viendraient renforcer une population 

locale. La reproduction de Ia Tortue luth en Mediterranee est attestee par un jeune 

specimen d'origine "Mediterranee" se trouvant dans les collections du Museum national 

d'Histoire Naturelle de Paris (n° 962) dont Ia taille et Ia cicatrice ombilicale non 

refermee confirment qu'il s'agit d'un nouveau-ne (SOUR, cite par OLIVER, 1986). La 

station de reproduction de Ia plage de Macconi (Sicile) signalee par BRUNO (1969 et 

1976) a maintenant disparu (BRUNO, cite par OLIVER, 1986). 

Comme le soulignait deja le Professeur PETIT (1951) : "en raison de Ia 

rarete (. ••• ) toute capture .avec, au minimum !'indication de date, des dimensions de 

!'animal et du sexe, merite d'etre signalee". 
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V-VII1 
NO\NEU£S DONNEES SUR BALAENOPTERA PHYSALUS EN MEDITERRANEE OCCIDENTALE 

Amelia GIORDANO 

C.E. R.O. V., Station Zoologique, Villefranche-sur-Mer (France) 

Afin d I etudier diffE§rents aspects de la presence de Balaenoptera physalus 
dans la M€diterranee occidentale, nous avons effectue des recherches en milieu 
natural depuis 1981, a bord des navires oceanographique Korotneff (C.N.R.S.) et 
Winnaretta-Singer (Musee ocE!anographique de Monaco)*. 

Des missions en mer, pE!riodiques~ a chaque saison, ant ete faites dans une 
zone situee entre le continent et la Corse. 

Nous avons realisE! des itinEraires-E!chantillon (line-transect) re.petes et 
dans des conditions comparables. 

La repartition g€ographique des repE!rages de Balaenoptera physalus est 
montree dans la figure 1. Toutes les ann8es, nous avons observe des baleines dans 
cette zone (figure 2). Les indices d'abondance ne montrent pas des differences 
significatives entre eux. Les effectifs de .Balaenoptera physalus presents sont 
num8riquement constants plusieurs ann€es cons€cutives (figure 2). 

~o-· 
t-42""30' 

Fig. I : OBSERVATIONS DE Balaenoptera phys,.lus dans la zone etudie. 

Malgr€ un effort d' observat:.J.on regu.lJ.er, aux diff8rentes saisons, nous 
n 1 avons pas obtenu de r€.p6rages en conditions hivernales (figure 2) ~ Les Balaenopte:a 
physalus n' utilisent le milieu etudi€ que pendant une partie de l 'annee, avec un 
maximum des presences en printemps-ete. Ceci est a relier principalement aux besoins 
trophiques de l' espece trouvant un milieu favorable dans cette zone. 

Par la methode du 11rnarquage naturel 11
, nous avons d8bute une etude pour 

1 1 identification de certains individus de Balaenoptera physalus. Les premiers 
resultats semblent indiquer que des memes baleines sent pr€sentes dans cette zone 
pendant plusieurs annees. 

Nous avons observe les trois comportements les plus frequents et d€crit 
leurs caract€.ristiques, ainsi que d' autres aspects de l' 8thologie de cette espece. 

Parallelement a l'€"tude en milieu naturel, nous avons traite,. avec un 
programme de cartographie (GIORDANO A., 1985), les observations de Balaenoptera 
physalus faites par des benevoles en Mediterranee occidentale depuis 1977. La 
distribution totale montre une plus forte concentration des baleines entre 40°N et 
44°N ; ceci est en accord avec les observations faites precedemment par DUGUY ( 1977). 

En conclusion, les Bala.enoptera physalus utilisent de fa<;on saisonni€re ~ et 
avec des effectifs numeriquernent constants, la partie nord occidentale de la 
Mediterranee. Il y a des indices montrant que les m€.mes individus sent presents 
annuellement dans le secteur etudi€.. 

Dans le futur, il serait souhaitable de marquer aussi par radio-emetteur ou 
par satellites des individus, de fa~on a rnieux pouvoir suivre leurs dE§.placernents. 

EFFORT 
OBS. 

2 
1981 

3 

2 
1983 

I 2 

! 2 
1984 

1 

1 
1985 

1 

HOMBRE 
Of:IS. 

0 

4 

0 

3 

0 

2 

0 

1 

ABOND. 
B.p. 

0 

0,035 

0 

0.037 

0 

0,030 

0 

0,028 

Fig. 2 : EFFORT D'OBSERVATION, NOMBRE DES 
OBSERVATIONS ET INDICES D' ABONDANCE 
DE !:.P.:_ EN ~!ED IT. OCC. PENDANT LES 
PERI ODES HIVERNALES (premiere ligne) 
ET D'ETE (deuxieme ligne). 
LES INDICES SONT EXPRIMEES AU MILLE 
CARRE, SUIVANT LA FORMULE DE BARHA.'l 
E. G. et col. 1980. 
EN I982 IL N'Y A PAS EUT DE MISSIONS 
EN MER, NOUS AVONS DES INDICATIIONS 
AUTRES DE LA PRESENCE DES BALEINES, 
AUSSI CETTE fu'lNEE,SANS POUVOIR LA 
QUANTIFIER. 

BARHAH (E.C.) et al., 1980. - Aerial census of the bottlenose dolphin Tursiops 
truncatus in a region on the Texas coast. Fishery Bull. , ].]_ ( 3). 

DUGUY ( R.) et al., 1977. - Le Rorqual corrunun (Balaenoptera physalus) en Mediterranee 
occidentale : Etat actuel des observations. Rapp. Comm. int. mer Medit., 24 
(5). -

GIORDANO (A.) I 1985. - creation d 1 un fichier "cetaces de M8.diterranee" et premiers 
resultats du traitement cartographique de leur repartition. Rapp. Comm. int. 
mer Medit., .£2 (8). 

* Nous remere ions les equipages pour leur collaboration efficu..ce. 



V-VII2 
SUR LES PARASITES DES CONDUITS BILIAIRES 

CHEZ LE DAUPHIN BLEU ET BLANC EN MEDITERRANEE 

J.A. RAGA, E. ABRIL, P. ALMOR, J.A. BALBUENA etA. RADUAN 

Departamento de Zoologia, Facultad de Ciencias Biologicas, 
Universidad de Valencia, Dr Moliner 50, Burjasot, Valencia (Espana) 

Dans le cadre de recherches helminthologiques sur les Cetaces de Mediterra

nee. no us a vans etudie des specimens de Dauphin bleu et blanc (Stenella coeruleo

alba) echoues sur la cOte espagnole rn€diterraneenne. Cette espece est la plus 

frequente en Mediterranee occidentale et fait 1 'objet du plus grand nombre de 

donnees. En ce qui cone erne les parasites des conduits biliaires ; il existe trois 

references mentionnant la presence de Trematodes : 

- Campula delphini (Poirier, 1886) chez un dauphin capture a Malaga (Espagne), 

- Campula palliata (Laos, 1885) chez un specimen echoue a Valence (Espagne), 

-· Campula rochebruni (Poirier, 1886) chez un individu echoue a Genes (ltalie), 

(Horning et Pilleri, 1969 ; Lluch et al., 1971 , Vejni-Talluri, 1982). 

Materiel et methodes 

Recemment sur un specimen de Stenella coeruleoalba, echoue El Perella 

(Valence, Espagne), no us avons observe des Trematodes dans les conduits biliaires. 

Ces Helminthes ont ete fixes dans du fixateur de Bouin et conserves a l 'alcool 

70%. Ils ont ete colores au Carmin d 'Aluminium. 

Resultats et discussion 

Les Trematodes trouves sont au nombre de six, cinq etaient libres dans les 

conduits biliaires et le dernier fixe a la paroi. 

L I etude morphostructurale de ces six specimens revele l' existence de deux 

especes differentes, une representee par un exemplaire unique et 1' autre par cinq. 

( i) L' espece representee par cinq exemplaires presente les caracteristiques 

de 1 'oesophage, des glandes vitellogenes et du caecum typiques des Campulidae 

Odhner, 1926 et notamment de la sous famille des Orthosplanchnidae Yamaguti, 1958. 

La presence d' une poe he prepharyngienne, d 'un anus et la forme allongee 

du corps permet tent de les classer dans le genre Oschmarinella Skr j a bin, 194 7 

(Yamaguti, 1971). Ce genre comprend deux especes, 0. sobolevi Skrjabin, 1947 et 

o. laevicum (Yamaguti, 1942). Les deux especes sont observees dans l 'Ocean pacifi

que ; la premiere parasite Hyperoodon ampul latus (Forster, 1770) .et Berardi us 

bairdii stejneger, 1883 et la seconde Stenella longirostris (Gray, 1828) (Arvy, 

1982 ; Delyamure, 1955 ; Yamaguti, 1942). 

Les specimens que nous avons etudies different de 0. sobolevi par leur mor

phologie et leur morphometrie ; bien que presentant des dimensions corporelles 

similaires a o. laevicum, ils s 'en d .stinguent egalement par la forme du pharynx, 

des diverticules anterieurs, par la taille des ventouses et leurs positions rela

tives. Ces constatations nous ont conduits a donner, momentanement, ace Trematode 

le nom de Oschmarinella sp. 

( ii) La deuxi€:me espece, representee par un individu, offre aussi l~s carac-

teristiques de la famille des Campulidae, mais par les particularites des coecums 

celles de la so us famille des Campulinae. 

L' absence de la poche prepharyngienne et du cloaque permettent de la classer 

dans le genre Zalophotrema Stunkard et Alvey, 1929. Mais, les dimensions de cette 

esp€:ce et la disposition des structures internes ne correspondent a aucune des 

quatre especes deja dec rites pour ce genre (Dailey et Perrin, 1973). Ceci 

amene a nommer. pour le moment, cet te espece Zalophotrema sp~ 

L' observation de Oschmarinella sp. et Zalophrot:ema sp. parasi tant les 

duits biliaires de Stenella coeruleoalba est la premiere de ce type en Mediterra

nee et represente la premiere reference de la sous famille des Orthosplanchinae 

dans ces eaux. 
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V-VII3 
REPERAGE AERJEN DE (ETACES EN MER l!GURE 

D. VIALE, C. MORIAZ, I. PALAZZOLI, A. VIALE etC. VIALE 

MEDICET, Universit€ de Corse, B.P. 24, Corte (France) 

Deux campagnes aeriennes en juillet 1985 ont eu pour but de savoir 
si la repartition des c8tac8s en Ligure est, homogBne, au 
ou contagieuse, en particulier zones de front. La 
campagne couvre la moi ti€ sud du bassin ligure, 1 1 autre couvre de 
Nice a la Corse. 

METHODE : Le reperage des se fait au chronometre d 
Pian-ere vol rigoureusement l • a vance ; un deuxi6me 
fait en distance par. rapport aux centres radio de St Tropez et 

Cette pr8catuion est n€cessaire au cas oU a basse altitude quand nous 
descendons pour d€terminer avec pr8cision 1' espBce des c8tac8s observes, 
le systeme de radio balises ("distance system measurement") utilise en 
aeronautique ne fonctionne plus. La trajectoire a ete pr"ealablement 
choisie d 1 apr8s nos observations ant8rieures (missions M8dicet sur 
N.O. KOROTNEFF etC. LAURENCE-C.N.R.S.); elle traverse des zones ou 
des c8tac8s ont d8j8. ete vus et d l autres pour lequelles no us 
aucune information. Le quadrillage systematique de la zone a 
pour des raisons de coUt et de dur8e d 'exp8rience ; celle-ci doi t 
realis8e en quelques heures sous peine d' etre modifiBe par les condi
tions m8t8orologiques, tr6s changeantes dans cette r8gion. 

Caract8ristiques des avions utilis8s : dans la partie nord, CESNA 
bi-moteur. a aile haute ayant 1 'a vantage de degager un champ de 
large ; pour la partie sud de la zone etudiee, CESNA mono-moteur aile 
basse limitant le champ d'observation, cloisonne en deux parties .. 
Quatre observateurs sont n&cessaires. Vitesse 120 noeuds 
(1 mille/30 sec.). altitude 250m. et 120m. pour les details. 

RESULTATS : Ils sont regroupes dans le tableau et localises sur la carte 
j;i;;-t:;:--Cinq des huit especes qui frequentent la Mediterranee Occidentale 
ont ete denombrees. 

QI£QQ££IQ~ : Deux especes ne figurent pas au tableau : Q£~!!!£!!~_&E.i~~!!~ 
et ~i£!!i!!~-£~.!':iE.~!e.E.i~ : il est possible que l'etat de la mer ait occulte 
les QEl!,~££~ qui sont observables dans la partie nord du bassin l 'ete 
(Giordano 1982, Palazzoli 1982), en revanche les ~l£!!i£~ n'ont encore 
jamais ete observes a la mer alors qu'ils figurent dans les echouages 
sur les cotes corses. (Viale 1985). 
Debut juillet les cetacea apparaissent en groupe etlocalises dans une 
zone interm8diaire entre la cOte et le centre de la mer ligure, c 1 est
a-dire entre 22 et 30 milles de Calvi (zone du front cote corse). Fin 
juillet, les baleinopteres sont observes a 37 milles de Calvi et 27 milles 
de Nice, C 1 est-a-dire plus proches du centre. 

QQ~Q_J;,Q§.IQ~ : La dispersion des cetaces est du type contagieux ; le 
peuplement semble plus limite qu' on ne l' esperai t et se localise dans 
les zones frontales. Des la fin juillet il semble qu' il qui tte la 
mer ligure ; il se deplace probablement vers l'ouest. Il faudrait 
recommencer cette exp8rience fin aolit ou d8but septembre avec quatre 
a.vions synchronises couvrant a la fois la zone ligure et la zone de 
Marseille a Ajaccio. 

1-d';t;-;i;;i;-~--------------i"i~Q'i~~------ii~Q'i~i~---------ii~Qi~i~-~-

llocalisation N.W. Corse N.W. Corse S.E. Nice I 
I eta t de la mer cal me agi tee agi tee a. t~es I 
I duree du vol 2h21 2h30 4~~~ tee I 
I distance parcourue 210 milles 245 milles 447 millesl 
1 ruban d' observation 180 milles 215 milles 430 milles1 
I especes observees : I 

i ~~ifi!~~u~~!~:: ~ ~ ; 2 0 2 

g 1 

I pa;~u;i~nte 0 
I I ~~l~~Q££i~E.~£!!:Z:~~l!O~ 1 1 ; 1 I 

1 2 + 1 petit I 

I !:l!:z:~~i~L~~£E.££~£!!~l£~ 0 I 
1 non identifies : 15 0 0 1 

~-----------------------------------------------------------------------~ 

I !!!.£l~~!!_d£!!.£H!Ol~EL£~~-~£~£~~££~~E..!':h~-£~E.-~.!':l£!! I 
I I 
I LOCALISATION DES CETACES OBSERVES 8° 1 9° I 
I~:-~;~~;~;--=======--------------.! c. "'"' ,.,, : ! 
lle 22.o7 .85 I 1 

I I 
I 1 I 
I I 
I I 
I 
L----
1 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 
i 
I 
I 

I A Balaenoptera physalus 
1 • Globicephala melaena 
~ 0 Non identifi8s 

* Tursiops 
• Physeter 

trunc. 

• Stenella 

I ' I 
! ------------------------------------------------~--=---------------..:..=_-_j 
;·;E~~~~=i=t~~= ~e~!!e;~~anc€e sur les cr8dits C.N.R.S. no 034915 LAB. 

Giordano1982, QlESM, 28:2 i 0-14 ; Palazzoli 1982, CIESf':1, 28; 217-218. 
Vi ale 1985, Q_£::_~g£g£_,_~~E..!.~i£l_,_£1cgg_,_~::_:,o:_,_198 5, 23:491-571 • 
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V-VIIII 
OBSERVATIONS ABOUT CEPI-L'\LOPOD DISTRIBUTION IN THE NoRTHERN TYRRHENIAN SEA 

P. BELCARI 0
, F. BIAGI 0 0

, v .. BIAGI 0 o, S. DE AANIERI 0
, M. MORI 0 oo and D. PELLEGRINI 0 

o 

o Dipartimento di Scienze dell' Ambiente e del Terri torio, Via Volta 6, 
Pisa (Italia) 

0 ° Centro Interuniversitario di Biologia Marina, Piazzale Mascagni 1, 
Livorno (Italia) 

ooo Istituto di Anatomia Comparata, Via Balbi 5, Genova (Italia) 

The species collected and studied all come from a trawl-survey made in 1985 during 
two seasonal samplings carried out within the research programme: "Evaluation of the 

demersal resources"financed by 

the Ministero Marina Mercantile. 
Samples were collected in the 

area of the Northern Tyrrhenian 

Sea shown in Fig. 1. We followed 
the procedure of a stratified 

random sampling.Each of the 60 
hauls consisted of a one hour of 

effective trawl carried out du

ring day-1 igh t hours. In total, 
261 Kg. of Cephalopods were hau
led, i.e. 17.4% of the total com- f---I:!'-'-'~'--, 

mercial catc.hes,distributed as 

shown in Tab. 1. These data confir 
the values found in previous in-

vestigations in the same ·area(1) 
whilst they are slightly inferio 
to those reported by other auth-L-----'------:'-:------'-..L-----"-----" 
ors for the Eastern Ligurian Sea(2,3). 
The contribution of the most abundant commercial species to the total distribution is 

given in Fig.2.It is evident that Eledone cirrosa represents the most significant 

catch(57%)in the whole area.A more accurate qualitative analysis is shown in Fig.3. 
The depth distribution of the collected Cephalopods was effected employing the follo
wing intervals:SOrn from 0 to 300m, 100m from 300 to 600m.For each interval we have cal· 
culated the average number of individuals per hour of trawling(see the key in Fig.3). 
The maximum density ,as far as the number of specimens and the number of species are 

concerned,seerns localized between 100 to 300m.Eledone cirrosa is widespread throughout 
the area,occurring with reasonable frequency from 50 t~Fig.4shows the percenta
ge distribution of the average number(a)and the average weight(b)per hour,at every 

jTab. 1 -Percentage composition of the Cepha
lopods, Crustaceans and Fishes catches re
spect to total commercial catches at the 
different depths: A=0-50 m; 8=50-1 00 m; C= 
100-200 m; 0=200-450 m and E=450-700 m. 

~E. cirrosa 

D I. i. coindeti i 

mo. vulgaris 

tz;:JO. salutii 

~ S. elegans 
1--------'"----'"----"---"-----"'--1 DE. moschata 
Cephalopods 7.2 18.3 20.3 16.6 5.8 ~ Sepiolidae 
Crustaceans 0.6 1.1 1.3 10.0 29.4 
Fishes 92.2 80.6 78.4 73.4 64.8 § S. orbignyana 
1-----------------1- A. media 

0 Others 
L---------------------------~ 

-Fig.2-

(n•6) 50 

{n•1Z}100 

(n•l3)150 

(n•?J 200 

(n»fi) 250 

(n•3) 

300 

400 

(n .. 6) 

soo 

(na4) 

600 

n = number of hauls 
- Fig. 3 -

.......... <1 
t==l 2-10 
t::J 11·50 

051·100 

0101-500 

0 >500 

depth interval, of five species. In this preliminary analysis we have examined all the 

data,without distinguishing between spring and sununer,so that the contribution made 

by the young specimens is not shown.In part,however,it is their presence which causes 

the difference in the magnitude of the highest readings represented in the two graphs, 
We are collecting new data,in order to carry out a more detailed analysis,especially 
to clarify the seasonal behaviour of the gathered species. 
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V-VIII2 
ABRALIA VERANYI WITHIN THE NoRTHERN PART OF THE PELAGIAN SEA 

P. JEREB and S. RAGONESE 

I.T.P.P., C.N.R., Mazara del Vallo (Italia) 

The genus Abralia, together with Enoploteutis, Abraliopsis and Watasenia, . 
belongs to the subfamily Enoploteuthinae (Roper et at.,1969) which includes mesopelagJ.c 
species inhabiting primarily tropical and subtropical waters. Within the genus,only ~· 
veranyi is known to live in the Mediterranean Sea (Naef, 1923; Torchia, 1968; 
Lumare, 1970). In the Northern part of the Pelagiart Sea*, nevertheless, A. veranyi 
has never been noticed, even if Arena and Li Greci (1973) found it in the area to 
the North-West of the Egadi; Bonnet observed it in the Libian.-Tunisian waters 
(Najai,S.,pers.com.) and Mangold refers to it as quite common along the Algerian 
coasts and in the Straits of Messina (Mangold , K . , pers . com. ) . 

Two specimens of A. veranyi (A; B, table 1) were identified during examination 
of the cephalopods taken during the first trawl-survey carried on by our Institute 
within the Northern part of the PelagianSea (fig.l, darkened area), (Research 
Program "T.R.A.W.L."). These specimens were caught in the area situated east of 
the Island of Pantelleria (stations A and B fig.l) at a depth of about 460 and 530m, 
respectively. Biometric parameters were collected (on preserved material)r* and are 
reported in table 1. Only one specimen has been dissected: the other has been kept 
entire and it is available in our collection (labelled: I.T.P.P.-ABRVER MV02). 
The A. veranyi dissected was a male at the full-maturity stage. 

Enoploteuthid squids are deep-water animals not easily fishable, hence, at 
present, not commercially exploited, except for Watasenia scintillans, regularly 
fished in Japan (Burgess, 1982). Trawls used by Sicilian fishermen have a small 
vertical opening (GFCM, 1982) which makes them not very efficient to catch the 
mesopelagic species. Trawls used during our Trawl-surveys are of this type. 
Moreover all the small-size squids (like Alloteuthis spp., young of Loligo spp. and 
Illex, ecc.), generally externally damaged by trawling, are included in the same 
~ercial category, "Mollame bianca". 

Due to the good conditions of the two specimens of A. veranyi found, one may 
suppose that they were caught during the end of the haul, maybe when the trawl 
was hauled. We can therefore assume that the scarcity of A. veranyi within the 
Northern part of the PelagianSea could be due to its "unavailability" to the trawls 
used, rather than to an actual numeric scarcity. 

38 

BIOMETRICS SPECIMENS 
PARAMETERS A B 

Mantle Length {mm) 35 30 

Total Length (mm) 118 

Fin Length (mm) 35 20 

Fin Width (mm) 26 21 

Hectocotylus + 

Total Weight (gr.) 4,2 2,5 

Sex F M 

TABLE 1 
All the parameters were obtained 

34 
N 

_j Efj 
12 13 14 15 16 

FIG. 
* = A.veranyi - Arena & Li Greci, 1973 

* = A. veranyi - Jereb & Ragonese, present note 

---- = Northern and Ea-.tern limits of Pelagian 
Sea 

~ • Research Program "TRAWL"'s area 

following Roper & Voss, 1983. 

Our best thanks to Mr. Pietro Rizzo (I.T.P.P., Technician) for having realized fig. I. 
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1< We define as "Pelagian Sea" the wide area included within the Southern Sicilian 
coast, the North-Western Tunisian coastline, the Skerki Bank, the Sicilian 

Maltese shelf and the Libian coast (AA.VV., 1979: "Geologie M€diterraneenne" 

ANN. UNIV. PROVENCE, TOMO VI n • 1 ) 

''* Material preserved in 75% alcohol, after fixation in 8% buffered formal in. 
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V-VIII3 
t\'OTES ON THE PRESENCE AND DISTRIBUTION OF THE SEPIOLINAE IN THE LIGURIAN SEA 

Lidia ORSI RELINI and Marino BERTULETTI 

Laboratori di Biologia Marina e di Ecologia Animale, 
Istituto di Anatomia Comparata, Universita, Genova (Italia) 

Abstract: The distribution of eight species of Sepiolinae caught '.iith otter
trawls from 20 to 700 m in the Ligurian sea is detailed. 

In the last few years two trawl surveys promoted by the Hinistero della Ha

rina Mercantile gave us the opportunity to gather an interesting collection 

of Sepiolidae Sepiolinae, a group about whose presence and distribution in 
the Ligurian sea very little is known. 

The first survey (1982-83) was effected by trawling neritic muddy bottoms 

situated at 20, 30, 50 and 90 m depth at monthly intervals for two years. 

Some additional trawls were also conducted at 300 m. Bec.:mse of the gear 

employed, a corrrrnercial trawl for juveniles of Eledone, with a cod end of 6 

rrrrn sides meshes, large quantities of both small and large sized ·cephalopods 

were caught. The corrrrnercial part of these has already been described (Reli
ni 8. Orsi Relini 1984). 

In the second survey (1985) a large section of the Ligurian sea from Aren

zano to la Spezia was divided into five strata in which trawls were effected, 

the number of which was in proportion to the area of each stratum. A total 

of 56 trawls were conducted, 28 in the spring and 28 in the late summer. 

The systematic identification was carried out on the bases of the descri

ptions of Naef (1923) and the features of the hectocotylized arm were mainly 

employed to distinguish the species of Sepiola: the uncertain attribution 

"Sepiola cfr rondeleti" is due to the fact that only females were collected. 

For S. ·intermedia, S. li_gulata, S. robusta; Sepietta oweniana, S. obscura, 
Rondeletiola minor the Ligurian material was compared with the collection 
of Naef in the Zoological Station of Naples. 

The overall distribution of eight species of Sepiolinae is shown in tab. l. 

The four species of Sepiola and Sepietta obscura were confined in neritic 

waters; neglecta was recorded from circalittoral to epibathia1 le-

vels; minor and Sepietta oweniana prooved to be the more eury-

bathic forms, having mainly juveniles on the circalittoral bottoms, while 
the adults reach the deeper levels. 
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V-VIII4 
DONNEES PRELIMINAIRES SUR LA BIOLOGIE 

DE TROIS ESPECES DE (EPHALOPODES DE LA MER (ATALANE 

Pilar SANCHEZ 

Instituto de Investigaciones Pesqueras, Paseo Nacional, Barcelona (Espana) 

RESUME. Les resultats exposes concernent des donnees preli
minaires sur la croissance de trois especes de Cephalopodes: 
Sepia officinalis, s. orbignyana, Loligo vulgaris, recoltees 
dans la Mer Catalane. 

ABSTRACT. Preliminary data on the growth of three species of 
cephalopods: Sepia officinalis, S. orbignyana, Loliqo vul
garis, collected in the Catalan Sea, are presented. 

Le materiel provient de peches commerciales au chalut 
effectuees dans laMer Catalane entre Rosas et l'Ametlla 
(NE de l'Espagne) de juin 1981 a juin 1983. 

Pour chaque individu nous avons releve: la longueur dar
sale du manteau (Ten em) et le poids de l'animal entier 
(P en g). 

Les relations taille-poids ont ete calculees selon 
l'equation 

P=aTb 

Sepia officinalis: 142 individus ont ete recoltes. Chez 
131 individus le sexe a pu etre identifie: 86 males, 45 fe
melles. 

Les males ont une taille comprise entre 3,5 et 20 em, 
la taille moyenne est de 9,95 em en longueur dorsale du 
manteau, le poids moyen est de 160 g. Le plus petit male 
mesure 7 em. 

Les femelles ont une taille comprise entre 3,5 et 22 em 
la taille moyenne etant de 12,7 em; le poids moyen est de 
326,6 g. La plus petite femelle mGre mesure 9 em. 

Les relations taille/poids sont respectivement: 

d+Q P=0,37799 X T2,55 

0 P=0,31644 X T2,6l 

'¥ P=0,28196 X T2,29 

~~~~~ 1 ~~~if~y:~~e: 253 individus ont ete recoltes. Chez 
217 a ete identifie: 104 males, 113 fe-
melles . 

Les males ont une taille comprise entre 2,5 et 9 em, la 
taille moyenne est de 5,9 em en longueur dorsale du manteau, 
le poids moyen est de 30 g. 

Les femelles ont une taille comprise entre 4 et 10 em, 
la taille moyenne est de 7,1 em et le poids moyen de 46,5 g. 

Les relations taiJle.jpoids sont respectivement: 

0?1 + 
~ P=0,36105 X T2,43 

0 P=0,40528 X T2,35 

~ P=0,65671 X T2,15 

Loligo vulgaris: 212 individus ont ete recoltes. Chez 
137 lndividus le sexe a ete identifie: 77 males, 60 femelles . 

Les males ont une taille comprise entre 4 et 45 em, la 
taille moyenne est de 13,8 em en longueur dorsale du man
teau, le poids moyen est de 124 g. 

Les femelles ont une taille comprise entre 3,5 et 36 em 
la taille moyenne etant de 16,1 em et le poids moyen de 
179 g. 

Les relations taille/poids sont respectivement: 

d'+~ p=O,l2831 X T2,48 

c!' 
P=O,l8738 X T2, 30 

~ P=O,l2087 X T2,50 
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X-I1 
PALEOTEMPERATURE AND PALEOSALINITY HISTORY OF THE EASTERN f1EDITERRANEAN 

DUR!t\G THE lATE llJATERNARY 

Yvonne HERMAN° and Jan BACKMAN° o 

0 Department of Geology-, Washington State University, Pullman, 
1-!ashington (U.S .A. ) 

oo Geologiska Institutionen, Stockholms Universitet, Kungstensgatan 45, 
Box 6801, Stockholm (Sweden) 

Paleoenvironmental Reconstructions 
Faunal composition and oxygen isotopic analyses of foraminiferal shells were 

utilized to reconstruct the paleoclimatic and paleohydrologic history of the Eastern 
Mediterranean during the last 500 K years. The main factors considered important in 
determining the composition of planktonic foraminifera and pteropods are temperature, 
salinity, food and oxygen. 

Paleotemperature and paleosalinity reconstructions were made separately for 
surface andintermediate water. Globigerina bulloides, Globigerinoides gomitulus, 
Globigerinoides ruber and Globigerinoides sacculi fer were employed for surface water, 
while Globorotalia inflata, Globigerina pachyderma and Globorotalia scitula were utilized 
for intermediate water paleoenvironmental interpretations. The reconstruction was done 
by mapping 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. The 
longest, nearly continuous record, spanning- 500 K years is contained in LOGO core 
RC9-181 (Herman, 1981). This core was less affected by tectonic activity than other cores, 
although in the upper 150 ems reworked upper Miocene coccoliths were observed. Within 
the time interval represented by RC9-181 six major cold-warm cycles, correlateable to 
Emiliani's isotopic stages 1-12 (Emiliani, 1970) were recognized. Calcareous 
nannoplankton biostratigraphic and biochronologic framework have been utilized for 
estimating rates of sedimentation and ages. Two important datum levels were recognized: 
the extinction of Pseudoemi/iania /acunosa between 899 and 938 ems, suggesting an age 
of 0.44-0.46 m.y. for this level and the first appearance of Emiliania huxleyi 0.26-0.27 
m.y.a., between 455 and 479 em depth in core. 

During glacial temperature minima, surface water temperatures were ~ 3·c lower in 
summer and~ 3-4'C lower in winter (Herman, 1981 ). Stadia! and interstadial salinities 
were variable, reaching highest values (at least 1°/oo higher than today) during the last 
glacial temperature minimum when climates were more arid than today (van dar Hammen 
et al., 1971; Fairbridge, 1972; Flohn, 1973) sea level stood very low, the Nile discharge 
was greatly reduced and the connection between the Mediterranean and the Black Sea, 
which is a major supplier of low salinity water was severed (ibid.). Following global 
warming and subsequent massive deglaciation, sea level rose. When the sea stand 
reached the Bosporus sill (~ 36 m) the connection between the Mediterranean and the 
Black Sea was reestablished and the low salinity Black Sea water spilled over into the 
Mediterranean. A significant increase in precipitation and river runoff is also recorded 
during transitional climatic periods (Kullenberg, 1952; Fairbridge, 1972). These 
compounded effects, namely warming of the surface water, together with the flooding of 
the Eastern Mediterranean by large volumes of fresh and low salinity water produced a 
low density surface water layer which restricted thermohaline convection (Kullenberg, 
1952). The result was stagnation of the sub-surface water and subsequent deposition of 
sapropels (ibid.). Some of the sapropels including the most recent one deposited between 
11 ,000 and 7,000 years BP (ibid.) were deposited during such intervals of pronounced 
density stratification. Surface water salinities dropped to low values during the deposition 
of sapropels as evidenced by oxygen isotope data (e.g. Vergnaud-Grazzini and Herman
Rosenberg, 1969). 

Today sub-surface water forms in the Mediterranean and it probably did so in the 
past. We estimate that sub-surface temperature during glacial temperature minima were 
~ 3-4'C lower than today and salinities were= 10/oo higher as compared to present day 
values. 
Acknowledgements. 

We thank Lamont-Doherty Geological Observatory (LOGO) for making the 
R. Conrad and Vema cores available, W.B.F. Ryan for selecting and shipping several 
cores, and the Core Curators for making the core samples available. 

Funds for shipboard coring operations and curatorial services of the LOGO cores 
were provided by NSF grants OCE 80-22109 and OCE 81-22083 to LOGO. This 
investigation was supported by the doners of the Petroleum Research Fund administered 
by the American Chemical Society Grant 1 0839-AC2. 

References. 
Emiliani, C., 1970, Pleistocene paleotemperatures. Science, 168: 822-825. 
Fairbridge, R.W., 1972, Quaternary sedimentation in the Mediterranean region controlled 

by tectonics, paleoclimates and sea level. In: D.J. Stanley (Editor), The 
Mediterranean Sea, a Natural Sedimentation Laboratory, Dowden, Hutchinson and 
Ross, Inc., Stroudsburg, Penn., 99-113. 

Flohn, H., 1973, Antarctica and the global Cenozoic evolution: a geophysical model. In: 
van Zinderen Bakker (Editor), Paleoecology of Africa, Balkema, A.A., Publ., Cape 
Town, 37-53. 

Hammen, T. van der, Wijmstra, T.A., Zagwijn, W.H., 1971, The floral record of the Late 
Cenozoic of Europe. In: K.K. Turekian (Editor), The Late Cenozoic Glacial Ages, 
Yale Univ. Press, New Haven, Conn., 392-424. 

Herman, Y., 1981, Paleoclimatic and paleohydrologic record of Mediterranean deep-sea 
cores based on pteropods, planktonic and benthonic foraminifera. Revista 
Espanola de Micropaleontologia, 13: 171-200. 

Kullenberg, B., 1952, On the salinity of the water contained in marine sediments. 
Meddelanden fran Oceanografiska Institute! i Gotebo~g. 21: 1-38. 

Vergnaud-Grazzini, C., and Herman-Rosenberg, Y., 1969. Etude paleoclimatique d'une 
carotte de Mediterranee orientale. Revue Geographie Physique et Geologie 
Dynamique, 11: 279-292. 

251 

X-I2 
MICROFAUNES ET MICROFLORES TOOINS DE L'!NFWENCE 

DES OSCILLATIONS EUTATIQUES ET CLIMATIQUES 

DANS LA GENESE DES SERIES MIOcENES EN TUNISIE SEPTENTRIONALE 

J. BEN ISMAIL-LATTRACHE(l), B. MANNAI-TAYECH( 2) et C. BOBIER(l ' 3) 

(1) Departement des Sciences de la Terre, Facul te des Sciences de 
Tunis, Campus du Belvedere, Tunis (Tunisie) 

( 2) Centre des Sciences de la Terre, I. N. R. S. T. Bordj Cedria, 
B.P. 95, Hammarn-Lif (Tunisie) 

(3) Unite associee au CNRS n° 197, Departement de Geologie et 
Oceanographie, Universite de Bordeaux 1, Avenue des Facultes, 
Talence (France) 

Les auteurs font la synthese d'une ser~e d'etudes conduites au 
niveau de treize (13) coupes stratigraphiques. Ces etudes ont com
port~:a) des analyses micropaleontologiques avec etude des micro
faunes et des microflores. b) des analyses sedimentologiques. c) 
des reconstitutions de la dynamique des bassins. 

Comme ces series se repartissent entre Bizerte (axe du sillon 
tunisien) au Nord, Sbeitla (Archipel de Kasserine) au Sud Ouest 
et le haut fond de Halk El Menzel (Marge du Sillon tuniso-libyen) 
a l'Est, on peut comparer,entre les principales zones geodynami
ques, !'interaction tectonique-eustatisme au cours de la genese 
des series neogenes classiques en Tunisie. 

L'analyse des microfaunes revele ainsi que : 
1°) La base des depots transgressifs neogenes est diachrone et 
s'etale de l'oligomiocene (zone N7) au Serravalien (zone N10) 

a) La transgression semble plus ancienne sur les bordures de 
l'ile de Kasserine (elle est oligomiocene au J.Anaied Biozone N7) 
que dans le Nord Est de la TUNISIE. 

b) Au Nord Est elle provoque la superposition de formations 
d'age et de caracteres differents qui ennoient progressivement 
du Langhien au Serravalien des reliefs preexistants. (Formation A 
dans les fonds de vallee, Formation Oued Hammam qui deborde la 
precedente et Formation AIN GRAB qui recouvre la majeure partie 
du secteur. 

cl Cette transgression est essentiellement eustatique et la 
Formation Mahmoud largement developpee en surface correspond 
au plus haut niveau du geoide. 
2°) L'abaissement du niveau moyen des mers qui intervient au 
Serravalien se traduit par la reduction des bassins marins large
ment ouverts sur lamer. Les depots marins du Tortonien sont 
localises dans certains sillons subsidents (de type sillon le 
long de decrochement ou bassihs losangiques) actifs aux abords 
de la Mer.pelagienne. S'accumulent ainsi d'epaisses series 
lagunaires paraliques a intercalations marines episodiques. 

L'etude des microflores complete le schema esquisse. Elle 
permet ainsi de montrer: 

a) que labarre calcaire de l'AIN G~AB se met en place sous 
climat chaud et humide durant une periode de stabilite du geoide 
(Regime biostasique) 

b) que l'abaissement du geoide serravalien survenant au terme 
d'une periode d'evolution du climat vers l'aridite induit une 
reprise d'erosion et l'epandage d'une serie greseuse littorale 
a la base puis dunaire 

c) Les series lagunaires paraliques se deposant sous climat 
tropical a subtropical sont intercalees de lignites. 

Microfauneset microflores traduisent ainsi fidelement les 
oscillations climatiques et eustatiques. 
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X-III 
TROPHIC STRUCnJRE CHANGES OF A POLYCHAETE COM'lUNITY ALO!\G A VERTICAL CLIFF 

Adriana GIANGRANDE 

Dipartimento di Scienza dell' Ambiente e del Terri tori a, 
Universi ta di Pisa, Pi sa {Italia) 

decrit Le changement des groupes trophiques dans une communaute de 
de substrats rocheux entre 0 e 5m de profondeur. [,a communaute est 

dominee par Zes formes carnivores. Les herbivores abondent dans Les premiers metres 
tandis qu 'en profondeur augmentent Les fiUrateurs et Les Limivores. 

Polychaetes are one of the most representative groups present in both hard and 

soft-bottom communi ties. These organisms show a large variety of feeding types and 

strategies and are involved in many levels of the marine food chain. An analysis of 
the trophic structure of this group could help to understand the 

inter-relationships and energy exchanges which characterize the entire community. 

Moreover, such a functional analysis could clarify the distributional patterns of 

the species related to environmental parameters observed using other methods of 

analysis. Feeding guilds have been extensively used, particularly in studies of the 

soft-bottom community (Maurer & Leathem, 1981; Gambi & Giangrande, 1985) and, more 

rarely, in studies of the hard-bottom community (Desrosier et al, '1984). 

In the present work, the trophic structure of Polychaetes along a cliff of Cape 

Rami to (Leghorn) was analyzed. Samples were collected during the year of 1985 by 

scuba divers, scraping off an area of 400 sq em at depths of 0, 1, 2, 3, 4 and 5 m. 

Biomass was measured as wet weight in 70° alcohol. The Polychaetes were classified 

and grouped into "feeding guilds" according to Fauchald & Jumars (1979). The 

abundance and the biomass measured for each group were percentages which reflected 

the abundance and biomass of all species within that group. The algal vegetation of 

the wall .can be defined as belonging to the large assemblage of the Photophyli; 

algae in a semi-exposed environment. In particular, at a depth of 4-5 m some 

sciaphilous species were present on a basal stratum of biogenic concretions. 

Fig. l shows the trend of feeding guild percentages, referred to as the annual 

mean (1985) of the abundance (Fig.1a) and the biomass (Fig.lb), respectively. In 

both of these parameters we note a similar trend: The MICROCARNIVORES (most of the 

Syllidae) were always very abundant, with a constant distribution along the 

transect, while their biomass increased with increasing depth. The MICROHERBIVORES 

(some Exogoninae) tended to decrease both in abundance and in biomass with 

increasing depth. The MACROCARNIVORES ( Aphrodi tidae and Eunicidae) decreased between 

0 and 1 m, with a maximum abundance and biomass at a depth of 1 m. They were also 

very abundant between 3 and 5 m. The biomass peak was due to the species Eunice 

harassi, which was particularly linked to this depth of 1 m. Within this zone there 

was also noted the maximum for Anfipod abundance. Thus, it may be hypothesized that 

E. harassi feed on these organisms. The MACROHERBIVORES ( Nereidae) were very 

abundant above 1 m, starting to decrease at 3 m, and disappearing at 5 m. The FILTER 

FEEDERS increased at a depth of 1 m, with a maximum both of abundance and biomass in 

the intermediate zone (2-4 m). The OMNIVORES, scarcely represented, had a maximum at 

a depth of 5 m. The only species belong to this group was Lysidice ninetta, which 

lives in the crevices of rocks, which are more abundant at the depth of 4-5 m. The 

BURROWERS, scarcely represented, in this particular environment had a maximum at 0 

m. The only species belonging to this group, Protoaricia oerstedi, was linked to the 

superficial zone. It probably finds an environment suitable for its survival in the 

soft-substrate enclave trapped between the byssus threads of mussels. Finally, the 

DEPOSIT FEEDERS assumed more importance in the samples of greater depth. 

The trophic structure of the Polychaete community in the environment considered 

was mainly based on the carnivore group. Proceeding from 0 to !? m depths, some 

changes in relative abundance of the most represented groups (carnivores, herbivores 

and filter feeders) were noted. At a depth of 1 m, the relative predominance of 

herbivores and carnivores was inverted. The filter feeders also increased in number. 

Below this depth both carnivores and filter feeders remained very abundant. 

From the abOve results, some considerations regarding the link between the en

ergy input of the system and the trophic structure of the Polychaete community ari

se. For the upper community, the great importance of the herbivores suggests that 

the most important energy input in this zone is light energy, which produces a high

ly diversified algal substrate. At this depth, water movement acts mainly as an en
vironmental {mechanical) stress. Below this zone, water movement can cons'ti tute the 

major energy input and the importance of the herbivores decreases, while the filter 

feeders tend to assume the role of the main secondary producers. For the deepest 

samples, a decrease in water movement probably causes an increase in sedimentation 
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and the deposit feeders increase. 

The main trophic discontinuity is 

locat<;!d between the 0 to 1 m depth, 

where the increasing abundance and 

biomass of the carnivores can in

dicate increase in struc

turalization of the community ( Bian

chi & Morri, 1985). Finally, it is 

interesting to note that this dis

continuity is also demonstrated in 

the analysis of the species composi

tion of this Polychaete community. 
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FIG. 1 

Percent trends of mean annual abun

dance (a) and biomass (b) of Poly-

chaete Feeding Guilds. 

C = Macrocarni vores; H = Macroherbi

vores; M = Microcarni vores; MH = Mi

croherbi vores; F = Filter Feeders; B 
= Burrowers D = Deposit Feeders; 0 = 

Omnivores. 

X-II2 
POLYCHAETE$ FEEDING GROUPS IN COASTAL LAKES OF CENTRAL ITALY (l.ATILM) 

M.F. GRAVINA 0 and A. SOMASCHINI 00 

o Museo Civico di Zoologia, Via U. Aldrovandi 18, Roma (Italia) 
oo Dipartimento di Biologia Animale e dell 'Uomo, Universita "La 

Sapienza", Roma {Italia) 

Resume - La distribution des categories trophiques des Annelides Polychetes a ete 
Ei:tudiee dans les etangs c6tiers du Latium (Italie centrale). En refl€-chissant les 

caracteristiques du milieu, elle confirme les gradients de 1 1 influence de la mer et 

de l' etat trophique mis en evidence par l' analyse structurelle. 

The concept of Polychaetes Feeding Groups was firstly proposed by fauchald and 

Jumars ( 1979) to show the relations among food particle size and composition, mecha

nism involved in food intake and motility patterns associated with feeding. 
In the soft bottom benthic communi ties, Polychaetes are one of the most represen

tative taxon as far as species richness and individuals numbers are concerned. Because 

of their close relation with sediment structure and type, the analysis of feeding 

groups composition and distribution in Polychaetes population become an interesting 

tool for understanding the ecosystems features. Till now Polychaetes feeding groups 

were examined only in marine ecosystems (Gambi and Giangrande, 1985}. 

In the present paper Polychaetes trophic characteristics have been analysed in 

lagoon benthic communi ti~s. The investigated area consists in five coastal Latium 

lakes, that resulted arranging along two foundamental gradients: marine influence 1 

from Caprolace and Fogliano to Monaci, Lunge and Fondi, and trophic status, from Lun-
ge and Monaci to Fondi, Fogliano and Caprolace (Gravina et al., 1985; Fresi et al. , 1985). 

Ten feeding groups have been identified on a total of 63,047 individuals and 48 

species of Polychaetes: BMX (Burrowers, Motile, Non-Jawed), BSX (Burrowers, Sessile, 

Non-Jawed), SDT and SDX (Surface deposit-feeders, Descretely motile, Tentaculate and 

Non-Jawed respectively), CMA and CMX (Carnivore, Motile, Jawed and Non-Jawed respec

tively), HMJ (Herbivoruos, Motile, Jawed), SST (Surface deposit-feeders, Sessile, Ten

taculate.), FST (Filter-feeders, Sessile, Tentaculate), 0 (Omnivorous). The most abun

dant groups resulted BMX in Fogliano (50%), Omnivorous in Caprolace (47%), SDT in 

Monaci and Lungo (56% and 70% respectively) and FST in fondi (97%). The highest 

diversity, in terms of functional (trophic) pattern, was found in Caprolace and Fo

gliano, where 10 and 9 different feeding groups were identified, as far as the struc

tural analysis evidenced (Gravina and Giangrande, 1983-84; Gravina, 1985). Burrowers 

(BMX-BSX), dominant in Fogliano and Caprolace (37%, after Omnivorous), decreased in 

Monaci (25%) and Lungo (21%) and were completely missing in Fondi. Filter-feeders 

sporadically occurring in the first two lakes, little increased in Lungo (7%) and 

Monaci (16%), while in Fondi, represented by the unique Serpulids species Ficopomatus 
enigmatic us, made up almost the whole Polychaetes population. ----

In Caprolace and Fogliano marine influence produced less stressed environmental 

conditions and a higher diversity both in terms of population composition and tro

phic structure. The more oxygenated muddy sediment layers could widely colonized by 

sub-surface deposit-feeders (burrowers), common in organic-rich fine grained soft

bottom, characteristic of the highly productive water such as coastal embayement, 

deltas, lagoons, ... In Monaci and Lunge the confinate situation produced a very or
ganic enrichment in deposited detritus and euxinic conditions, cor-responding to an 
increase of surface-deposit feeders to the detriment of burrowers. Filter-feeders, 

abundant in environments suffering high mechanical energy (hydrodinamics) were obvi

ously not much represented in these lagoons, save in Fondi. Here the filter-feeders 

dominance appeared due not to the water movement but to the amount of suspended 

seston owing to the input of the continental eutrophic water (Gravina, 1985). 

The Polychaetes feeding groups distribution in coastal Latium lakes confirmed the 

pattern revealed by the structural analysis (Giangrande et al. ,1983-84; Fresi et al., 

1985) evidencing the same principal factors selecting in lagoon benthic communi ties, 

summarized mainly as marine influence and trophic status. 

CAPROLACE FOGLIANO MONACI LUNGO FOND I 

[) Burrowers,Motile, Non Jawed ~ Herbivorous,Motile,Jawed 

nm Burrowers 1 Sessile, Non Jawed m Others 

~ ;~~[~~~ ~=~~:~~~;~:ders, Discretely EJ Filter-feeders, Sessile 1 Tentaculate 

- ~~~n~~~:~· Motile, Jawed and O Omnivorous 
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X-II3 
ECOLOGIE TROPHIQUE DE QUELQUES BIOCENOSES DE Fa-.JDS MEUBLES EN MER TYRRHENIENNE 

C.N. BIANCHI(l), L. BIONDI(l, 2), R. CATTANEO VIET:ri( 2), C •. MORRI(l,J)' 

I. NICOLAI(l), C. PERONI(l), G. ROSSI(l), R. RUGGIERO(l) et S. TUCCI( 4 ) 

( 1) ENEA-CREA S. Teresa, La Spezia ( Italia) 
(2) Istituto di Zoologia, Universita, Genova (Italia) 
(3) Istituto di Anatomia Comparata, Universita, Genova (Italia) 
(4) Istituto di Geologia, Universita, Genova (Italia) 

ABSTRACT - TROPHIC ECOLOGY OF SONE SOFT-BOTTOM BIOCOENOSES IN THE TYRRHENIAN SEA 
Three macrobenthic colllllunities of sandy, detritic and muddy bottoms were 

investigated. Biomass and production values are given, together with organic matter 
amounts ana microbial activity determinations. 

Les travaux joignant 1 'etude de 1 'organisation trophique des peuplements ben
thiques a des evaluations du budget de matiere organique sont assez rares en ~ledi
terranee, bien que 1 'on puisse citer quelques exemples recents (ALBERTELLI et alii, 
1985). 

Les recherches recemment conduites par 1 'ENEA dans le golfe de Gaete (ZURLINI 
et DAMIANI, 1983; FERRETTI et alii, 1986) nous ont fourni l'opportunite d'un tra
vail. de ce type. 

Sur les fonds meubles, depourvus de vegetation, de la region on reconnait trois 
biocenoses principales (BIANCHI et alii, 1985): des Sables Fins Bien Calibres 
( SFBC), du Detri ti que Coti er (DC) et des vases Terri genes Coti eres ( VTC); toutes 
subissent un fort envasement par les apports du fleuve Garigliano. Dans chacune de 
ces trois biocenoses, les parametres suivant ont ete evalues: 

i) Biomasse (gC/m 2) et production (gC/m2.an) des organismes benthiques, preleves a 
1 a benne Van Veen et rep art is en groupes trophiques sur 1 a base de 1 a 1 itterature et 
suivant le schema de BACHELET (1981 l; 1 a production a ete calculee d' apres 1 'equa
tion empirique de ROBERTSON (1979) modifiee. 
ii) Activite microbienne, estimee par reduction de la resazurine et exprimee en 

quantites equivalentes de substance organique mineralisee (gC/m2·an); seule la cou
che oxydee ( 2 em dans 1 es VTC, 4 em dans 1 es SFBC et 5 em dans 1 e DC) a ete 
cons i deree. 
iii) Matiere organique (gCjm2) contenue dans le seston (echantillonne ala bouteille 
Niskin) de la couche de resedimentation (dont la hauteur a ete etablie par nous a 5 
m), dans 1 es fragments vegetau X ( reco ltes a 1 a benne Van Veen) et dans 1 a couche 
oxydee des sediments (echantillonnes ala benne Shipek); la quantite de matiere or
ganique a ete mesuree par perte de poids apres combustion a des temperatures et du
rant des temps differents selon les cas. 

Les resu 1 tats obtenus (Tab .I) s' accordent assez bien aux donnees de 1 a 1 ittera
ture pour la Mediterranee occidentale, en ce qui concerne en particulier les valeurs 
de biomasse, de seston et d' activite microbienne. 

La richesse faunistique et structurale bien connue du DC est ici accompagnee 
par un metabolisme eleve: biomasse, production, activite microbienne aerobie et 
quantite de matiere organique sont maxima. Le groupe trophique principal est repre
sente par les omnivores, qui jouent apparelllllent un role important dans les premieres 
etapes de degradation des fragments de posidonies issus d'un herbier voisin (voir la 
carte presentee par FERRETTI et alii, 1986). 

Dans les SFBC la biomasse et la production ont des valeurs comparables aux pre
cedentes, tandis que 1 a quantite de matiere organique et 1' activite microbienne 
aerobie sont un peu plus faibles. Les deposivores sont les producteurs secondaires 
les plus 1mportants, ce qui contredit la dominance generale des suspensivores dans 
les sediments sableux (GRAY, 1981). Cette situation nous semble liee a l'envasement 
deja rappele et au fort apport par le fleuve de debris vegetaux terrigenes; en 
outre elle n'est pas constante pendant toute 1' annee, car une dominance numerique 
des suspensivores a ete observee en ete. 

La quantite de matiere organique dans les VTC est 1 a plus faible, mais 1' acti
vite microbienne aerobie reste dans des valeurs comparables a celles des SFBC: il 
ressort, done, une mineralisation plus intense. Les apports organiques de l'exte
ri eur sont tres 1 imites (surtout en ce qui concerne 1 es fragments vegetaux, rares et 
desormais tres degrades); de meme, la biomasse et la production sont tres reduites 
par rapports aux autres biocenoses et confirment une pi.l.lvrete qui avait deja ete 
notee du point de vue structural et faunistique. 

-TAB.!-

SFBC DC VTC 

Biomasse ( gC/m 2) 0.83 0.78 0.09 
Su spens i vores 0.01 0.03 <0.01 
Deposivores 0.64 0.13 0.01 
L imivores 0.01 0.15 <0.01 
Omnivores 0.03 0.41 0.07 
Carnivores 0.14 0.06 <0.01 

Production ( gC/m2- an) 1.83 1.90 0.22 
Suspensivores 0.03 0.06 0.01 
Deposivores 1.33 0.37 0.05 
L imivores 0.03 0.40 <0.01 
Omnivores 0.09 o. 91 0.16 
Carnivores 0.35 0.16 <0.01 

Activit€ microbienne aerobie ( gC/m2- an) 84.88 177.77 86.00 
Matiere organique ( gC/m2) 354.08 503.73 198.85 

Seston 1.30 4.50 2.08 
Fragments vegetaux 5.12 6.36 0.68 
Sediments 347.66 492.87 196.09 
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X-Il4 
FEEDif'KJ-GROUP DISTRIBUTION IN SOFT-BOTTCM MACROBENTHOS : 
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RE!sum€: L' evolution des differents groupes trophiques a ete etudi€e dans les fonds me~ 
bles du Golfe de Salerno entre 1 et 75 m de profondeur. 

Species composition, distribution and structure of soft-bottom macrobenthos in tht 
Gulf of Salerno (Tyrrhenian sea, Italy) have been the subject of several studies (Mol

lusca: RUSSO & FRESI ,1984; Polychaeta:GAMBI et al. ,1984; Cumacea, Tanaidacea and Iso

poda: MAGGIORE et al. ,1984; Decapoda: MINERVINI et al., 1984; Echinodermata: COLOGNOLA 

et al. ,1984). A feeding-group analysis has been performed on Mollusca (RUSSO et al., 
1985) and Polychaeta (GAMBI & GIANGRANDE, 1985). 

In the present study, the functional analysis includes all the above mentioned taxa 

and the Amphipoda. This work takes into consideration 34 stations sampled between the 

2m and 75m depths along five transects perpendicular to the coast (Fig.l). Samples we

re taken in December 1981 with a "Charcot" dredge. A detailed description of the study 
area and sampling methods are reported in COLOGNOLA et al. ( 1984) . 

The macrobenthos consisted in 33,969 individuals belonging to 396 species. Of these, 

Mollusca comprised 10,120 ind. and 120 sp. ;Polychaeta 8,350 ind., 149 sp.; Amphipoda 
8,329 ind., 61 sp.; Cumacea, Tanaidacea and Isopoda 2,703 ind;, 27 sp.; Decapoda 1,402 

ind., 26 sp.; Echinodermata 4,874 ind., 13 sp. Except for a small number of species, 

these taxa were assigned to six feeding-groups: 1) CARNIVORES (active predators, scaven 
gers, parasites) ; 2) HERBIVORES (feeding on plant tissue) ; 3) SURF ACE DEPOSIT-FEEDERS

(feeding on detritus deposited on the sediment surface); 4 )SUB-SURFACE DEPOSIT-FEEDERS 
( limivores, feeding on buried detritus); 5) SUSPENSION FEEDERS (feeding on suspended 

seston); 6) OMNIVORES (feeding on a mixed diet of animal,plant and detrital material). 
Species of each group were further distinguished as epibenthic (living preferentially 

on the sediment surface) and endobenthic (living preferentially in the sediment). The 

criteria used in this classification take into consideration: a) the lack of informa

tion on the actual feeding habits of most species; b) the occurrence of multiple fee

ding strategies within single species; c) the difficulty in constructing categories in 

eluding taxonomical groups that show a wide spectrum of morpho-functional adaptatios.-

Based on quantitative dominance analyses of feeding-groups (Fig. 2) , the :following ob 
servations have been made: -

- Carnivores were present at all stations reaching the maximum of dominance at the de~ 

pest ones. Endobenthic forms showed maximum abundances in intermediate ( 25-35m) and 

deep ( 35m) levels of the transects,and were more abundant than epibenthic forms that 
occurred preferentially in shallow (1-5m) and intermediate ( 5-20m) levels. 

- Omnivores showed highest dominances in the 5-20m depth zone, even though were well 

represented at all stations. This is probably due to their broad trophic range that al 
lows them to find available food regardless of depth-related environmental factors. -

Epibenthic forms were more abundant at shallow stations, while endobenthic forms were 
dominant in the deep ones. 

- Herbivores, mainly represented by epibenthic Mollusca and Peracarida, occurred almost 

exclusively at shallow stations where Cymodooea nodosa(Ucria)Aschers. beds and/or sea
grass detritus were present. 

- Suspension-feeders, mostly represented by endobenthic Mollusca and Polychaeta, rea

ched the maximum densities at the shallowest stations and were almost absent at the 

deepest ones characterized by muddy sediments. 

- Surface deposit-feeders showed maximum abundances and dominances between 20 and 35m 

depth. Epibenthic species were generally less abundant than endobenthic ones except 

at stations characterized by high quantities of seagrass detritus (e.g. st. 30). On 

the whole, surface deposit-feeders were the most abundant group throughout the study 

area. This may be related to the high diversity in detrital composition and size and 

also to the various morpho-functional adaptations of organisms using this food source. 

- Sub-surface deposit-feeders, mostly endobenthic Polychaeta and Echinodermata, were 

preferentially found at the deepest stations and became rarer at sandy shallower si

tes, except for sts. 22 and 25 where the River Sele outflow affects fine particles and 
organic matter deposition. 

COLOGNOLA R., LABANCHI L., FRESI E., 1984- Nova Thalassia, 6 suppl. :637-644 

GAMBI M.G., GIANGRANDE A., FRESI E., 1984- Nova Thalassia, 6 suppl.: 575-583. 
GAMBI M.G., GIANGRANDE A., 1985- Oebalia, 11 N.S.: 223-240. 

MAGGIORE F., LORENTI M., FRESI E., 1984- Nova Thalassia, 6 suppl.: 555-561. 

MINERVINI R., FRESI E., MANGONI R., 1984- Nova Thalassia, 6 suppl.: 539-545. 
RUSSO G.F., FRESI E., 1984- Nova Thalassia, 6 suppl. :645-653. 

RUSSO G. F., FRESI E., SCARDI M., 1985- Oebalia, 11 N.S.: 339-348. 
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ORGANISATION TROPHIQUE D
1
UN PEUPLEMENT DES VASES TERRIGENES CClTIERES 

DANS LE GOLFE MARcoNI (MER LIGURE) 

Leonardo TUNESI et Andrea PEIRANO 

Laboratori di Biologia Marina e di Ecologia Animale, 
Istituto di Anatomia Comparata,. Universita, Genova (Italia} 

Summary - Some samplings made by grab and dredge have permitted the eva

luation of the trophic organisation of a CTM (Coastal Terrigenous Muds) 

community. 

Les fonds etudi<~s sont situes dans Ia partie occidentale du Golfe Marconi, 

une profondeur comprise entre 32 et 41 m (Fig.1). 

r-----------r-------~--------~ 

Fig. 1 - Le Golfe Marconi avec 

I' indication des fonds etudies. 

Cette zone est soumise aux egouts urbains des villes de S. Margherita Ligu

re et de Rapallo et a Ia decantation des fibres issues des herbiers de posido

nies qui bordent Ia cote jusqu'a 15 m de profondeur (Morri et alii, 1986). 

Cette note se propose d 'evaluer l 'organisation trophique du peuplement 

benthiquede ces fonds vaseux, Soumis a un haut taux de sedimentation. 

Ayant considere le peuplement homogene, trois echantillons ont ete effectues 

a Ia drague et a Ia benne: Ia premiere a ete tiree sur trois traits de 500 

m de longueur et en correspondence de leurs extremites un couple d'echantil

lons a ete pris a Ia benne; le tamisage s'est fait sur une maille de 2 mm. 

Un tota~ de 62 especes a ete trouve, Ia plupart appartenant a Ia biocoenose · 

des vases terrigenes c0ti€res et, en particulier, au facies de Turritella commu-

Du point de vue de I 'organisation trophique on a distingue 5 groupes: 

O€posivores, Filtreurs, Limivores, Carnivores 1 et Carnivores 2 (cette derni€re 

categorie est constituee par des predateurs de rang eleve: Crustaces Decapodes 

et Poissons). 

Les donnees de biomasse, obtenues aussi bien par Ia benne que par Ia 

drague, ont ete rapportees au metre carre et ensuite cumulees (Tab. 1). 
Les Deposivores sont le groupe trophique dominant, ce qui, en plus de 

Ia presence reduite des Filtreurs, est Ia regie des peuplements benthiques 

envases (Bachelet, 1981; Gray, 1981). 

Les donnees sont faiblement superieures a celles obtenues dans une etude 

Tab. I - Biomasse (poid frais, g/m
2

) des differents groupes trnohiques cans 

les trois echantillons. 

Depos. Limiv. Fi ltr. Carn.1 Carn.2 Tot. 

20.20 12.51 1.83 8.17 2.43 45.14 

45.24 2.61 2.92 9.42 0.64 60.83 

24.73 6.06 2.72 6.98 0.01 40.50 

m 30.05 7.06 2.49 8.19 1.03 48.82 

conduite pendant plusieurs annees dans une zone VOisine par Albertelli et 

alii
2 

(1981), qui, travaillant a If benne Van Veen seulement, recueillent 42,47 

g/m au maximum et 28,61 g/m en moyenne: on doit quand meme rappeler 

I 'eutrophisation plus elevee des fonds que nous avons etudies. 

En Fig. 2 il y a Ia comparaison entre le peuplement analyse avec cette 

etude et celui precedemment retrouve par Albertelli et alii (1981); maigre 

!'utilisation de differentes categories on peut voir comme a Ia pre~ence d':;ne 

composante C1, assimilable par importance a Ia C, s'ajoute une composc.nte 

C2 de Carnivores de rang eleve. Au contraire le complement de Ia d.-ague ne 

semble modifier beaucoup I' importance des autres groupes: on peut consic:§.,....er

en effet les Fiitreurs assimilables aux Suspensivor-es et les Limivores et les 

O€posivores de notre travail comme 1l~mpris dans Ia plus vaste ce.:egcrie -ee=: 

Detritivores (Bianchi et Morri, 1985)/ 

En conclusion !'utilisation comb\nee de Ia benne et de Ia drcaue oerrnet 

un mei I leur Echanti llonage de Ia fau~-e-_ vagi le, surtout des carnivor;s d~ rc.ng 

€lev€ dont les valeurs de biomasse, avec Ia seule benne, sont sous-estim€:=s. 

Fig. 2 - Dominance quantitative des 

differents groupes trophiques des 

fonds VTC du Golfe Marconi: a gauche 

d 'apr€s les donnEes de ce travai I; a 
droite d'apres les donnees d'Aibertelli 

et alii (1981). D=Deposivores; L=Limi

vores; De=D€tritivores; F=Filtreurs; 

C,C1 ,C2=Carnivores totaux, 1, 2; 
S=Suspens i vores. 
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X-II6 
ORGANISATION TROPHIQUE DE LA FAUNE DANS QUATRE FACIES 

DE LA BIOCENOSE DES ALGUES PHOTOPHILE$ 

D. BELLAN-SANTINJO, G. DESROSIERS 00 et J.C. BRETHES 00 

o Centre d 'Oc8anologie de Marseille, Station Marine 
d'Endoume, UA CNRS/41, Marseille (France) 

00 D8partement d 'OcE§anologie, Universite au QU8bec a_ 
Rimouski, 300 avenue des Ursulines, Rimouski, QuEbec 
(Canada) 

Abstract : The stu~y concerns the trophic structure and spatio-temporal evolution 
of four rocky bottom benthic assemblages. 

Les quatre facies pris en consideration dans cette note ( Cystoseira stricta, 
Mytilus galloprovincialis, Corallina et Ulva ) se repartissent smvant un gradient 
croissant de pollution allant des milieuX£lTeau pure et de mode battu vers des 
milieux fortement pol lues. Ces facies ont fait 1 'objet de divers travaux concernant 
leur cartographie ( Desrosiers, 1977 ) , leur structure ( BeHan-Santini 1969, Des
rosiers, Bellan-Santini, Brethes, 1982 et Bitar 1980 ) et l 'organisation trophique 
des groupes animaux essentiels : Polychetes ( Desrosiers, Bellan-Santini, Brethes, 
1984 ) et Crustaces ( Desrosiers, Bellan-Santini, Brethes, 1985 ) 

Il parait interessant de rappeler les donnees synthetiques que 1' on posse de sur 
ces peuplements en ce qui concerne leur biomasse et leur organisation trophique . 
La biomasse calculee p2ur ces peupl<iments dans le golfe de Marseille ( Bellan-Santini 
1969 ) exprimee en g/m fait apparaitre un gradient decroissant de richesse ponderale 
representee par le poids de matiere organique seche, suivant le gradient de pollution. 
( Tab. I ) 

2 Tableau I : Biomasse des differents facies exprimee en g/m . C.s. :Cystoseira stricta 
M.g. :Mytilus gallo rovirrcialis, C. :Corallina, U.: Ulva 

tes . 

Les esp€:ces de la faune vagile ont ete class€-es en 5 groupes selon les crit€.res 
de Hunt 1925 et Bachelet 1981 . 

Nous retiendrons parmi les stations etudiees durant 15 mois dans le golfe de Fos 
(Desrosiers, Bellan-Santini, Brethes, 1985 et sous presse ), les stations les plus 
representatives de chaque facies ( Cap Couronne pour les Cystoseira et Ponteau digue 
exterieure pour les Corallina ( Tab. 2 ) . ----

Tableau 2 : Distribution par groupes trophiques de la faune de chaque facies • n.e.= 
nombre d t especes, n. i.::::: nombre d' individus, les chiffres entre parenth€se sent les % 
S= Suspensivores, D= D8tritivores, B= Brouteurs, C= Carnivores, 0= Omnivores, n.id.= 
no n id t · £"' en 1. 1.es • 

C.s. M.g. c. u. 
n.e. n.i. n.e. n.i. n.e. n.i. n.e. n.i. 

s. 22(20) 15396(29, 7) 21 (26,6) 15827(59,2) 16(20,2) 6510(37,2) 3(15) 55(2,2) 
D. 8(7 ,3) 1162(2,2) 3(3,8) 241(0,9) 4(5, 1) 5534(31 ,6) 3(15) 146(5,9) 
B. 37(33,6) 14432(27 ,8) 23(29, I) 8699(32,6) 29(36, 7) 3448(19, 7) 7(35)2189(88,9) 
c. 31 (28, 2) 17328(33,4) 19(24, I) ]286(4,8) 19(24, 1) 1710(9,8) 5(25) 64(2,6) 
0. 1 (0,9) 2(0) 1(1 ,3) 15 (0,1) 2(2,5) 2(0) 0 0 
n.id. 11(10) 3508(6 ,8) 12(15,2) 609(2,3) 9(11,4) 291 (l ,84) 2( 10) 8(0) 

Total 1\DO 51828 79 26677 79 1/495 20 2462 

Nous ne ferons que rappeler que la diversite sp€cifique et la richesse en nombre 
d 'individus diminue depuis le facies a CYstoseira stricta vers celui a Ulva 

En ce qui concerne 1' organisation trophique de 1 'ensemble de la faune vagile on 
peut consid€rer que dans les C.s. peuplement riche, complexe avec un COI).cr€tionnement 
biologique abondant , une epaisse fronde, un peuplement sessile di versifie, l' organi
sation trophique est equilibree entre les trois groupes essentiels : carnivores (33, 
4%), suspensi;,ores (29,7%) et brouteurs (27,8%). Dans le facies a M.g. il parait 
evident que se so.ient les suspensivores qui dominent, ce sont en fait les conditions 
meme du developpement de 1 'espece pilote ( hydrodynamisme important et/ou richesse 
en matiere en suspension) qui favorisent l 'ensemble du groupe trophique, les brou
teurs de l 'epiflore sont aussi tres abondants, la part des carnivores est faible . 
Parmi les Corallines,. les suspensivores et les d€tritivores sont dominants, en effet 
la physionolllie meme des Corallines est favorable au captage et au developpement des 
detritivores. les hrouteurs sont tres movennement reoresentes . Parmi les Ulves. l' 
abondance de Platynereis dumerili et la pauvrete de la faune nous donnent nne domi
nance de brouteurs de 88,.9% alors que d€.tritivores et suspensivores ne repr€ser\tent 
que quelques % . 

L I etude de l I evolution temporelle des differents groupes trophiques nous montre 
d'assez importantes variations au cours de l'ann€.e . Dans les C~s~ les brouteurs et 
les carnivores lies au developpement de la fronde et de son epifaune sont dominants 
au printemps et en ete alors que les suspensivores dominent en hiver . Pour les M.g. 
les suspensivores ne sont supplantes qu' au printemps par les brouteurs/' en liaison 
avec l 'epiflore • Dans les Corallines, les suspensivores, les detritivores et les 
brouteurs presentent des fluctuations tres rap ides. Le facies a Ulves est tres large
ment domine toute 1 r annee par les brouteurs . 

Les anai~ses de l 'organisation trophique de ces quatre facies des Algues photo
philes ont ete realisees par des methodes stat is tiques de classement : agglomeration 
hierarchique ascendante, analyse factorielle, toutes ces analyses convergent pour 
montrer que 1 'evolution au niveau des groupes trophiques est liee aux changements de 
la physionomie des peuplements1 eux-meme lies au gradient des facteurs du milieu et 
dans ce cas du desequilibre du a la pollution et a ses variations spatio-temporelles 
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X-II7 
THE ROLE OF SM'\LL LITTORAL FISH IN THE MEDITERRANEAN FOOD WEB 

C4 Dieter ZANDER 

Zoologisches Institut und Museum 1 Universitat~ Hamburg (R.F.A.) 

R&sum2:Le rOle des petits gobiides et blennoides est etu,ne dans le reseau trophi
que des fonds rocheux entre 9 et 13 metres, dans la region de Banyuls-sur-Mer . 

Trophic relAtionships were investigRted in 1976 Rnd 1979 off Banyuls 
-sur-Mer (Golf of Lion, France). Four small gobiid and blennioid fish 
were found to dominate at 9-13 m wAter depth (Zander 1982, Zander & 

~~~~n1~~4 ~;u~fit2~~Xzt~e~: 1 :~~~d~~~t~~s~t!e~a~~~~s ~ ~~bT~~ :~~a¥u¥-
Risso at the margin of rocks and sRnd bottom, and Pomatoschistus ba 
thi Miller on the sand bottom in some distance from the rocks (Fig. 
1'"). 

Fig. 1. Vertical distribution of 
four benthic fish species in the 

~~~e(M!~Ii~~~~n~!~ ~=~)~1 ~~~u~~-
bius auratus; Pb: PomRtoschistus 
bathi; Pr: Parablennius rouxi; 
T'X':'!'ripterygion delaisi xantho-

~· 10 

The aensity of these fishes was between o.1 and 1.3 in May 1979 (Ta
ble). From these figures and mean fish weights a biomass of 329 mg on 
the steep rocks and 51 mg on the sand bottom was calculated (Table). 

The prey of fishes was analyzed by means of length-weight (DW) regres
sions of food i terns found in the guts. Fig. 2 presents the most import
ant energy flows of prey to the four fish species under regard. 

/. T.d.xonrhowmo 

C~ll. &oc~ l \~ 
Zooplonld. Gostro,I)Ch.Err. Gamma. !sop. ljarpo::l. 

Phyt!ptankton .E!Jyttnt("~~ 
Detritus 

Fig. 2. Four benthic fish species in the food web of the upper Me
diterranean littoral. The arrows indicate the respective import
ance (weights) of prey items. 

Whereas T. d. xanthosoma and G. auratus based on phytobenthos as pri
mary energy source, the prey of P. rouxi depended mainly on phyto
plankton, t!)at of~ on de~ 

The biomass of ingested prey is calculated from the 1979 samples 
(Zander & Berg 1984). Due to size and highest density, consumption of 
T. d. xanthosoma was greatest whereas the values of the other species 
were almost identical (Table). 

The yearly consumption is estimated by assuming a mean gut filling 
once a day throughout the year. Thus, the analyzed data of the sam-

~~~;-,e~~l~~db!~h~0~ni~h;h:a;dfZ~~b~~J~i~~e0~r~~~c~~~~so~n~h:5~i:ges 
may be calculated from a C/P-ratio of 0.35 for the annual P. bathi or 
of 0.2 for the other 3 species which live longer. Thus, 10~ks) 
and 56 mg m-2y-1 (on sand) may be produced by these fish (Table). 

In order to estimate the consumption efficiency of the regarded fish, 
the figures of biomass of the 1976 periphyton samples are used (Zan
der 1982) These can be differentiated into total organic biomass 
(765 g m-~) and •utilizable" prey biomass (2 g m-2)which comprises 
the food items of the 4 fish species in question. When a P/B-ratio of 
only 5 is assumed which is relevant to small macrofauna, the yearly 
production of prey orga.nisms is 3826 or 8 g m-2, respectively (Table). 
Basing on these figures, a consumption efficiency of 0.01 or 6.01 96 
is calculated, respectively (Table). 

The latter value seems relatively high because also larger supraben
thic fishes as sparids and especially labrids must be regarded as im
portant foragers on the substrates. However, this value is similar to 
results from the Baltic Sea where the dominant gobiid fish consumed 
about 9 96 of the utilizable prey production (Za.nder & Hagemann in 
prep.). 

Further investigations hRve to provide more exact analyses of ecolo
gical efficiences which may be based upon a set of samples during the 
year. Such investigations ha.ve proved to be successful in the Baltic 
Sea regCJrding small-sized fish (Z:mder & Hagemann 1986). 
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Table. Ecological data of 4 benthic fish species and of their prey 
sources. B: bioma.ss; C: consumption (estimated); I: ingestion; N: 
numbers; P: production (estimated). All weights are dry weights. 

B I c p I c 
Species/Prey N m-2 mg m-2 mg m-2 mg m-2y- 1 mg m-2y-1

1 

~ 
P. rouxi 0.1 30.2 0.4 140~-2-· 28.1 
~thosoma 0.5 216.2 0.6 219.9 44.0 
G. auratus · 0.2 83.1 0.4 141.3 28.3 

Sum 0.8 329.5 1.4 501.4 100.4 

P. bathi 1.3 51.4 0.4 159.5 55.6 

Av'lilable prey 
Utiliz~ble prey 

765354.7 
1865.1 

3826773.5 o.ooo1 
8325.5 ·o.o6o1 
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X-III 1 

STRATEGJE D
1

ETUDE MJCROBIOLOOIQUE D'UN ECOSYSTEME 

ET DU MICROBISME CHEZ LES tffiES VIVANTS 

Jean F. BRISOU 

23 avenue Claude Farrere, Toulon (France) 

Chacun est convaincu de !'omnipresence des microorganismes dans Ia bio

sphere. lis sont partout,mais ils echappent a 75-80 % aux investigations de 

routine classiques. La majorite des microbiocenoses adhere a toutes les inter

faces inertes et vivantes. Les microbes forment d'importantes colonies prati

quement inaccessibles.·Les etres unicellulaires fibres constituent egalement des 

minorites. Leur tendance naturelle est !'organisation en agregats de plusieurs 

centaines, voire de milliers de cellules. Ces agglomerats sont le plus souvent 

composites, veritables rassemblements de bacteries, levu res, champignons infe

rieurs,protistes ,donnant aussi abri a des virus. II en resulte que tous les 

precedes de prospection mis en oeuvre depuis un siecle ne donnent qu'une 

idee tres grossiere de Ia realite.la comprehension de ce concept. base sur !'

experience et de nombreuses observations, que les microbiocenoses fixees . 

agglomerees representent environ 80 % des peuplements microbiens de Ia bio

sphere,conduit a Ia recherche d'une autre strategie de prospection. 

Celie qui est proposee prend base sur deux principes: 1°: La mesure de !'ac

tivit~ enzymatique des masses microbiennes abritees dans un systeme quelcon-

lque20: L'identification des responsables des activites les plus representati

ves . L'isolement et !'identification seront precedees d'un debusquement par 

les hydrolases qui liberent par des mecanismes complexes les germes adhe

rents. Un environnement nature! peut etre considere com me un systeme vi

vant. L'enzymologie interroge sa physiologie, son fonctionnement, tout comme 

celui d'un organisme. Gr.ace a une vingtaine de substrats convenablement choi

sis tous les cycles peuvent etre passes en revue. Les techniques sont expo

sees en detail. Cette enzymologie dynamique , sera dans certains cas compte

tee par une enzymologie dite "Abiontique"., interessante en ce qui concerne 

les eaux interstitielles ou plasma. -L'activite globale sera egalement appreciee 

par des mesures d'ATP,des reactions d·oxydoreduction banales, et si possi

ble par microcalorimetrie.-Ainsi sommes nous renseignes sur l'activite globa-

le d'une microbiocenose et sur ses activite ,ses potentialites specifiques pour 

un ou plusieurs substrats. Ces techniques sont applicables aux sediments 1 

aux boues,sols,aliments,degradation de produits varies(hydrocarbures] pre

paration de composts,aux eaux filtrees sur des membranes qui seront trai

tees comme des solides. ,surveillance sanitaire de plages,de zones conchylico

les .. Elles,Servent aussi a etudier I' action d'un produit quelconque sur l'ac

tivite d' un systeme vivant(antiseptiques, pesticides, detergents, etc .. ] . 

La seconde' etape de Ia strategie est consacree au debusquement enzymaqti

que plus ou moins specifique des germes que l'on veut isoler et identifier. 

Le concept de ce debusquement est base sur le fait que les hydrolases a

gissent a Ia fois sur les adhesines microbiennes ,les adhesines tissulaires 

et les supports naturels donnant abri aux microorganismes. Ceux-ci une fois 

rem is en liberte cultivent plus facilement et peuvent etre mis en evidence, 

alors qu'ils echappaient aux investigations de routine. II en est donne de nom

breux exemples et applications dans les domaines les plus varies. ,allant de 

Ia surveillance de l'environnement a l'industrie,la desinfection des circuits, 

et a Ia medecine. 

Les associations d'antibiotiques et d'hydrolases conduisent a des resultats 

encou rageants. 

La strategie proposee ne necessite aucun materiel lou rd. Elle est a Ia portee 

de tout laboratoire normalement equipe 

Elle se resume a deux eta pes essentielles: 

1 °-Une mesure de l'activite enzymatique de Ia masse microbienne presente 

Une specification de l'activite dominante glucidolyse lipidolyse,metabolisme 

des nitrates et nitrites. proteolyse • indologenese. production d' H 2s, etc .. ),Le 

choix est illimite. 

2°-Compte tenu des resultats enregistres au cours de ces epreuves,le debusquc

ment enzymatique des germes par des hydrolases accroit les chances d'isole

ment et d'identification des especes les plus representatives presentes dans 

un ecosysteme ou chez un organisme vivant. 

(Tableaux et photographies diapositives illustreront !'expose]. • 
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X-III2 
MODE DE COLONISATION DES PARTICULES SEDIMENTAIRES PAR LES BACTERIES 

Zima MOUREAU et Evelyn RICHELLE 

Institut Royal des Sciences Naturelles de Belgique, Bruxelles (Belgique) 

I l est bien connu que les sediments naturels sont le siege d' une intense 
activite boct6rienne.. Les boct€-ries y creent des structures d 1 attachement et 
de protection qui leur permettent d' exploiter au maximum leurs potentiali tes 
metaboliques. 

L 'observation au microscope edectroniques a balayage montre que la sur
face des grains de sable du littoral marin est, en apparence, peu colonisee, 
sauf dans les anfractuosites. (Photo let 2). Un examen plus ottentif montre 
qu'en r€alit6 les surfaces lisses sent souvent recouvertes d 1 un feutroge tres 
dense camouf lant l es bocteries. (Photo 3). Une coloration speci fiq ue mantre 
que celui-ci est de nature polysaccharidique. 

A l 'abri de cette protection, qui par ail leurs joue le role de capteur 
d'ions (COSTERTON T.W. and IRWIN R.T. ( 1981)), les bacteries se developpent et 
eventuellement creusent un r8seou de galeries a 1, int€rieur des grains calcaires 
ainsi que le montre la photo 4, prise au microscope optique. 

Soumis a l'action de l'HCL, les grains de nature colcaire ne se dissolvent, 
dans la pluport des cos, que si on les brise meconiquement. Ceci laisse sup
poser qu'ils sent proteges par le reseau de glycocalyx. 

Le feutrage interieur du grain, qui subsiste apres lo dissolution, met en 
evidence des micro-organismes filamenteux, ramifies ou pseudo-ramifies, d'un 
diametre voisin du micron. D'autres filaments ant un diametre de 4 a 5 .un et 
presentent des dilatations opparentees a des fructifications. 

COSTERTON J.W. and IRWIN R.T. ( 1981) The bacterial glycocalyx in nature and 
disease. Ann.Rev .Microbial. 35:299-324. 

RICHELLE Evelyn and MOUREAU Zimo. ( 1986) Evidence of in vitro glycocalyx for
mation in the bacterial species : Citrobacter freundii, Proteus mirobilis and 
Planococcus sp. Effect of polysaccharases. A l' impression. 

RICHELLE E. et MOUREAU Z. ( 1986) Effet de 1 'hyaluronidase sur quelques bacteries 
de 1 1 en vi ronnement. A 1 'impression. 

ILLUSTRATIONS 

Les photos 1,2 et 3 sent realisees au S.E.M. La photo 4 est realisee au mi-
croscope optique. 

PHOTO 1 : Grain de sable littoral marin, cote belge. PHOTO 2 : ·Bacteries et 
glycocalyx dans une anfractuosi te du groin de sable. PHOTO 3 : Detail d' une 
partie lisse du groin de sable. Recouvrement par du glycocolyx. 
PHOTO 4 : Reseou de conolicules vu par transparence a 1' interieur d' un groin 
de sable co1coire. 

1 

3 

256 

X-III3 
MICROBIAL ACTIVITY IN COASTAL MARINE SEDIMENTS OF ITALIAN COAST 
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ABSTRACT - The results are presented concerning the estimation of microbial activity 
in a few coastal marine sediments of Italian coast. A great variability in 
microbial activity was observed in the sediments of Apulian coast while a more 
uniform values were found in the sediments of Gulf of Gaeta and Tuscan coast. No 
correlation was observed between microbial activity and organic carbon content. 
RESUME - Les resultats presentEfs concernent 1 'evaluation de 1' activite microbienne 
dans quelques sediments marins des cotes italiennes. Une variabilite a ete observee 
pour les sediments de 1 a cote des Pouilles; au contraire, une plus grande uniformite 
caracterise les sediments du Golfe de Gaete et des cotes toscanes. Aucune 
carrel ation evidente n'est apparueentre 1 'activite microbienne et le contenu en 
substance organique. 

In the 1 ast years ENEA has performed oceanographic cruises along the Italian 
coasts in order to characterize typical environments and their ecosystems. In this 
context, sediment microbial activity estimation was taken into consideration due to 
its importance for nutrient regeneration, organic matter consumption and fate af 
metal ions following physico-chemical condition changes induced by microbial 
metabolism. 

The environments investigated are: Apulian coast (South Adri·a.tic Sea), the 
Gulf of Gaeta (central Tyrrhenian Sea) and the central Tuscan coast (North 
Tyrrhenian Sea). Microbial activity has been determined by measuring resazurin 
reduction carried out by a sediment sample (0.5-1 g FW) incubated for 1 h at 200 C 
(Peroni and Rossi, 1986). The results can be expressed as equivalent consumption of 
oxygen. Organic carbon content has been gas-chromatographically determined by 
difference between a sample treated at 450° C for 12 h and an untreated sample. 

The microbial activity in the surface sediment (0-1 em) of Apulian coast was 
determined iiJ 44 sampling stations. It has been possible to divide the sedimentary 
environment in 5 areas according to the different microbial activities. The sandy 
stations show very low activities with an average annual oxygen consumption of about 
20 g/m 2• The sediments co 11 ected in the Gu 1f of Manfredoni a and northward of 
Brindisi exhibit the highest consumptions (an average, extrapolated on an annual 
basis, of about 350 g for square meter). The sediments taken southward of Brindisi 
and off Gargano promontory give average values of oxygen utilization equal to about 
100 g/yearjm2. The organic carbon content ranges from 0.40 to 3.51% DW and is 
higher in the sandy stations (C/N ratio of 25-35). By means of statistical analysis 
(Pearson carrel ation coefficient) a significative inverse correlation has been found 
between microbial activity and particle size and organic matter content. The 1 atter 
relation stresses that organic matter quality is more important than its absolute 
amount; in fact, less degradable organic matter can sustain less microbial activity 
and therefore it persists longer. In the same samples no correlation has been found 
between microbial activity and bacterial colony numbers on agar plates. 

7 stations were sampled in the Gulf of Gaeta. The lowest microbial activities 
on surface sediments have been found in the stations with abundant shell detritus 
and in the offshore station (101 m water depth). They are around 70 g of consumed 
oxygen/yearjm2. Higher values (about 200 g/yfm2) have been determined in the 
sediments with scarce shell detritus and in the inshore station, inside the harbour 
of Gaeta. Organic carbon content is low (0.5-0.7% DW) in the abundant shell 
detritus stations, while being higher (1.4%) in the other stations reaching a value 
of 1.9% in the harbour station which is polluted by urban discharges. No apparent 
correlation, however, was shown between microbial activity and organic carbon 
content. 

Along the Tuscan coast only 5 samples have been examined due to the hard bottom 
which prevented from sample collection. The equivalent consumption of oxygen was 
roughll similar averaging 180 g/yfm2, except in one station where it was about 80 
g/y/m • In this station the depth of o;:idized layer of the sediment was higher. 
The organic matter concentration was rather uniform and 1 ow (0. 9-1.2% with C/N 
ratios ranging from 14 to 17), except in the station near L ivorno where organic 
carbon reached 2.7%due to some organic pollution from the city. Also in this case 
organic carbon content and microbial activity does not show any apparent 
carrel ation. Microbial activity showed no carrel ation also with bacterial counts as 
detennined by agar plates (0.9-5.3·106 CFU/g FW). 

In the sediments from the Gulf of Gaeta and Tuscan coast microbial activity was 
also measured in the subsurface layers, particularly in the transition layer from 
oxic to anoxic conditions as it can be visually recognized from change from brown to 
grey-black colour. In most cases subsurface activities were two-four times higher 
than the surface ones. This implies that resazurin reduction can measure also 
anaerobic metabolism and this may be true since sulfate reduction requires electron 
transport chain and many strains of sulfate-reducing bacteria can tolerate oxygen 
(Hardy and Hanilton, 1981; Cypionka et al., 1985). The transition 1 ayer can be 
thought to be a site of intense bacterial metabolism (Jones, 1979; Novitsky and 
Kepkay, 1981) and furthermore bioturbation can supply fresh nutrients and organic 
matter to deeper 1 ayers. This can be confirmed by the vertical distribution of 
organic matter which does not show any decrease with sediment depth, at least for 
the.layer 0-15 em. However, the subsurface values might be affected by some 
art1facts. In fact, they might be due to the artificial enhancement of bacterial 
metabolism following the addition of ~resh organic matter contained in seawater used 
as sediment dispersion medium. Experiments are being carried on in order to test 
this possibility and, if necessary, modify the method accordingly by using aged 
and/or oligotrophic seawater. 

The data reported here show the u sefu 1 ness of the method for i nvesti gating: 
- the degree of organic matter utilization since easily degradable organic matter 
sustains higher activities; 
-.the ~oun~ of consumed organic carbon by converting oxygen consumption to carbon 
m1 neral1 zat1on; 
-the metabolism in the subsurface layers which is important, e.g., for nutrient 
regeneration. 
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La respiration des organls m es benthiques, la forte activite microbienn~e dans les sediments 
marins et l 1oxydation de la matiere organique entrainent l'utilisation de l'oxygfme c::tissous dans les 
eaux interstielles. n. en resulte que l'oxygEme libre, qui provient de l'eau de mer sus-jacente, est 
present en des teneurs qui decroissent de plus en plus vers le bas. Lorsque les teneu':"' deviennent 
trcp faibles (ou nulles), les bacteries du sediment utilisent d'autres oxydants (accepteurs 
d'electrons) dans l'ordre de leur efficacite au plan .energetique (Frolich et; al., 1979; Aller et al., 
1985, etc.) : d'abord les oxydes de Mn et les nitrates, puis en milieu encore plus reducteur, les 
oxydes de Fer et les sulfates, etc ... 

Les fortes teneurs en 0 2 dans les eaux des p!'e miers niveaux des sediments favor.i.sent. la 
production de nitrates par les bacteries nitrifiantes. Ainsi, les eaux des sediments superficiels 
contiennent .treque m m ent des nitrates en des concentrations nette m ent plus e1evB:es que l'eau de 
mer sus-jacente. Du fait de la consom mation des oxydants selon la sequence qui vient d'etre 
decrite lea teneurs en nitrates devraient decroitre progressive m ent vers le bas, sous l'action des 
bacteries denitrifiantes. De tels profils ont souveilt ete decrits (B:illen, 1977; Vanderborght et 
B:illen, 1975; Bagliniere, 1978; etc ... ). 

Toutefols ces memes auteurs Qnt aussi decrit des distributions vertic ales qui decroissent 
irreguliere m ent avec la profondeur. N ous avons .effectue des pr8leve m ents d'eaux interstitielles 
en bordure de lA 'Reserve sous-marine de Monaco (vers -25 a -30m) a l'aide d'un "peeper'' (capteur 
B. membrane, avec des logettes superpos5est remplies au ctepart d'eau dist.illee, et qui sent 
separees des divers niveaux des sediments par une membrane en nylon de 0,2!lm de porosite). Le 
peeper est plante dans les sediments et est laisse au fond pendant environ 3 semaines, jusqu'a ce 
que l'equilibre ionique entre l'esu interstitielle et l'eau des logettes soit etabli. 

L •exp8rlence a ete renouvelee a chaque saison en 1984 et en 1985. Les m esures ont 
m entre que, evide m ment, les teneurs en nitrates d.issous dans les eaux des sB:d.im en~ les plus 
superficiels varient considtkable m ent au cours du temps. Les teneurs atteignent des valeurs 
relative m ent 8levees au printe m ps et parfols en auto m ne (Nove m bre). Les m est.ires ont aussi 
montre que frequem ment les teneurs etaient plus faibles vers les 5e a 10e em sous l'interface 
que vers les 12e ou 15e c m . 

Teneura don' le.s Potentiolites des 

Eaux inters tit ie lies Sediments globcux (Moi 85) 
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Pour trouver l'explloation de oette sorte d'anomalie de distribution, des estimations de 
l'aotivite enzy m atl.que potentielle ont ete faites. Pow> eels nous avons utl.lise la technique decrite 
par le 'Professeur J, BrJBou (1982): uncertain volume (par ex. 1om') de sediment est place dans 

~~i~~ol~~'!:;;.:~~~~s~1't:ecii~~ <:_mc~!:o':m~~ NH 4 Cl, ob en KNo 3• Apres incubation, on mesure 

D. ;:.Jssort de l'experienoe3 que l'aotivite nitriflante deoroit avec la profondeur a partir du 
2e ou 3e om sous l'interface, mais ella existerait jusqu'au niveau du 2e maximum des teneurs en 
nitrates (vers le 14 ou 15e om). De fait, la presence d'oxygene dissous en des teneurs d'environ 
1,5 a 2mgll conduit a admettre que la nitr:if.l.cation (nitratation) est effectivement possible jusqu'a 
oes niveaux. Le minimum de teneurs en nitrates ne serait pas dG a une moindre activit8 
nitrifiante, m ais a une activite denitriflante nette m ent plus forte entre le 5e et le 9e ou 1 Oe c m 
que en dessus ou en dessous. Lorsque la concentration en oxygene dissolla devient inferieure a 
1 mg/1, la nitrification (nitratation) semble impossible et les ions nitrates qui arrivent dans ces 
niveaux anoxiques par diffusion sont aussit6t consommes par les bacteries denitrifiantes. On passe 
alors aux niveaux ou la sulfa to-reduction est le processus dominant. 

Le plus freque m m ent, lea. teneurs en nitrates (com me aussi celles en am m·oniaque) dans 
l'eau de· mer sont plus faibles que celles ,dans les eaux des sediments sit'les juste so us l'interface. 
Un flux F a16tablit des s6d1ments vers 1 l'eau de mer sus-jacente. La' valeur de ce .flux est 
propcrti.onnel a la difference des concentrations ainsi que l'indique la loi de diffusion de Fick 
(Berner, 1971; Li et Gregory, 1974; Vanderborght et B:illen, 1975; etc ... ) : 

F = Ds ~~ 
6C = difference des teneurs entre les 2 niveaux consideres distants l'un de l'autre d'une hauteur 

.C.z. 
Ds : coefficient de dispersion; on ne peut pas utl.liser directe m ent le coefficient de diffusion 
ionique ·o parce- que, d'un -o6te, la. diffusion dans lea milieux poreux est plus faible que dans l'eau, 
m ais, d'un autre o6te, l'action des vagues et des courants pres du fond et la bioturbation 

:S~~:;_~~t a~:!:t:etqu~ m =~a~~~/!Pcn;'l;~~:., Gdan!:ill~~ r;:~iZ~ ;;~:,e c:u=ui1:st00l:f~~~en1e 'i: 
Reserve de Monaco (-25 a -30m). . '-6 

En utl.lisant pour le caloul una valeur de 2x10 cm'/S pour ce coefficient, et en prenant la 
valeur de 63o~M (~ o

3
-) com m~ difference des concentration sur une auteur 6 z = 1cm on pose 

F; :~1~~-9j'~j~-m•~s30 x 10- M/1000cm'/1cm (Juin 1984). 

Soit environ F = 0.8mg(N)/m'/j (cette valeur correspondant a une estimation minimaliste du 
coefficient de dispersion). 

Par ailleurs, au moment de la· forte production primaire, la quantite de Carbone utl.lise par 
le phytoplancton pour son developpe ment atteindrait environ 25 0 mg( C)/ m '/j devant Monaco 
(Bro\lartlel et Rink, 1963). A cela correspond une utl.lisation d' Azote d'environ 40mglm 'lj. 

coeffio~n;0nD~o~p~e1}vo"o0m1~s~xu~/;O~am~ d~esl~=:~~n~nte;z;,~~ ~~:~~e~!;~t c~:ul:e:vme~n~. 
H onao: ':i~ee::w~a;t2x~ 0 ~:~t;~;~,n~edep~,:~~~~:s~rr~ru:~ me~~:~~ :,.:ntd~e;.~:~:;tn~~~:,~;e a~ 
developpe m ent phytcplanctonique qui proviendrait des sediments superficiels. Il est cependant 
8vident qu'une part de l'Azote des s8diments est transforme en Na. inutilisable, et une autre part, 
im portante, reste stockee, fossilisee en quelque sorte. 
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X-Ills 
CHIMIE DES EAUX INTERSTITIELLES DU lAc DE TUNIS - ACTIVITE BACTERIENNE 
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Departement de Geologie, Faculte des Sciences de Tunis, Tunis (Tunisie) 

++ Les :;_e,_sultats analytiqu~s des.e.lemen~ (SoA=' s=, NH4+, po
43

-, alk~te totale 
Fe et Mn ), dans les eaux mterstitielles recoltees par le d:ialyseur (peeper), temoignent 
d'une activite bacterieure du type sulfato-reductrice dans le sediment. 

En effet, les concentrations des sulfates diminuent au f~r et a m esure qu'on 
s'enfonce dans le sediment contrrure m ent a celles de N H 

4 
+, P 0 

4 
-, s= et de l'alkalinite 

totale (fig. page 2 - a,b,c,e;f). 
Les concentrations minimales de so

4
= et maximales de s=, NH

4
+, Po

4
3- et de 

l'alkalinite totale, sont respective m ent egales a 9 m M, enVJ.ron 2m M 6 m M, envrron 0,04 
m M et 22 meq/l. 

Au primtemps, au mois d'Avril 86, a 13 em sous l':ihterface, on assiste a une chute 
im portante des concen}::ations de sulfures et d'a m m oniaque, et a une chute plus faible des 
concentrations de P 0 

4 
et de l'alkalinite. 

En me me temps, a 13 c m so us l'interface, les concentrations des sulfates dans les 
eaux intertitielles atteignent ceiles de l'eau surnageante. 

n semble done que les changements de concentrations de l'hiver au printemps scient 
im putables a la bioturbation par les polychetes, que nous avons rencontre jusqu'a 13 c m de 
profondeur dans le sediment pendant le m ois d'avril 1986. En hiver (au m ois de janvier) la 
bioturbation n'existe pas, mais en observant la distribution des sulfates nous pouvons noter 
qu'a 4 c m sous l'interface, il y a oxydation des sulfures en sulfates. 

En ete, les concentrations sont tres fortes , des l'interface; du fait de la reprise 
d 'une activite bacterienne intense dans un milieu forte m ent anoxique. 

ll semble done que, dans le lac de Tunnis, les distributions des elements, produits de 
la decomposition sulfate-reduction de la matiere organique, scient m odifiees par l'oxydation 
en hiver, et par la bioturbation par les polychetes au printe mps. 

En ete, il n'y a ni oxydation, ni bioturbation (voir distribution des sulfates. Fig. a2) 
m ais la distribution des ere m ents depend d'une activite bacterienne dans le milieu herite 
forte m ent perturbe. 

D 'autres facteurs com me le taux du carbone organique dans le sediment et les 
phenomenes de precipitation minerale, se m blent jouer un role dans les distributions 
verticales des ere m ents. 
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Dans la plupart des zones du Plateau continental de la Mediterranee nord-occidentale, les 
teneurs en nitrates dissous dans les eaux des sediments superficiels (0-3cm} varient considerable
men\ au cours du temps (Bagliniere, 1978; Bagliniere et al., 1930). Les teneurs sont frequemment 
e!evees au printemps, du moins pendant un certain moment du printemps. Par ex. 1 elles ont 
depasse 50~M/I dans les eaux des sediments de Ia Rade de Villefranche en Avril 1980. Parlois, 
des teneurs eievees apparaissent a Ia fin de Pete au en automne. En ete et en hiver e!les sont 
generalement faibles. 

Les teneurs en nitrates varient moins dans les niveaux sous-jacents. Cependant les courbes 
de distributions verticales decrotssent sou vent de fa~on irregu!iere avec Ia profondcur. Elles 
presentent un minimum vers le 5 ou le 6e em sous l'interface suivi d'un petit maximum vers le 
I Oe ou le !5e em. Du fait de Ia respiration des organismes benthiques et de l'oxydation de Ia 
mati€:re organique, les niveaux sont d'autant plus pauvres en oxyg€:ne qu'ils sont plus profonds. 
La production du nitrate {nitrification) necessite Ia presence de 0 2 libre. Lorsque, a partir d'un~ 
certaine profondeur sous !'interface, !'oxygene manque, des bact€ries peuvent utiliser N0 3 

cornme accepteur d'electrons. 
Pour trouver une explication a !'allure €tonnante des courbes de distributions verticales 

marquees par un minimum vers le 5e em, nous avons evalu€ l'activite nitrifiante et l'activite 
d<'nitrifiante potentielles en utilisant Ia methode decrite par J. Brisou (1982). Un volume 
dete~mine. (par ex. 2cm 3

)_ de se~if!lent frais du ~iveau a etudi~r est place dans . 50mL d'une 
so_lutwn nche en un aqde amme, ou en NH

4 
, ou en NO, • Apres une 20ame d'heures 

~~~~z~~~~~~ 0°n~ ~~~ut~~ ~0~! le~ ~=15ni~~~~~~t~~n~4i~t:n~; -~a~:of~i~~r 5~/~e~~ ~~~- ~~~~!~~~e~· p~~~ 
encore etre realisee plus bas, jusqu'au niveau du 2€:me maximum (vers le 15e em), oU 0 2 dissous 
est encore present en des concentrations non negHgeables : env. 2rng/!; b) la d€nitratation 
apparait la plus forte au niveau du minimum des concentrations en nitrates; elle diminuerait 
progressivement d 1intensite plus bas. Ainsi, il semble que la valeur des teneurs est essentlelle
ment due a Ja resultante des 2 actlvites opposees, plus ou mains intenses selon les niveaux. 

Un tel systeme correspond a un modele 8 plusieurs couches de production de nitrates; au 
mains deux : la couche superieure a activite nitrifiante souvent intense {et a faible activite 
denitrifiante); !a couche mediane a faible activite nitrifiante, et a relativement forte activite 
denitrifiante. Plus bas, par manque d'oxygene, Ia nitrification n'est plus possible. Vandenborght 
et Billen (1975) n'avaient decrit en detail que des systemes ou seul le niveau superieur etait 
neellement productif. 

Des essais de modelisation pour le Golfe de La Napoule conduisent a des resultats qui 
cadrent avec ce schema "multicouche". Pour la modelisation, on part de Pequation de base de Ja 
diffusion (2e loi de Fick) ou les concentrations C apparaissent comme une fonction du temps t et 
de Ia profondeur z (Berner, 1971) 

~~ = fi(os¥z.) + R(~,t)-k(z,t)C 
avec les conditions aux bornes et initiales adequates 
Dans cette eq. differentielle, Ds=coefficient de dispersion (ou migration ionique); R(t, z)=fonct. 
de production variable au cours du temps; k(z, t)=coefficient de destruction (ou denitrification); 
Ia destruction est supposee proportionnelle a Ia concentration. 

On ne peut pas utiliser le coefficient de diffusion ionique dans l'eau, parce que les grains de 
Ia phase solide ralentissent Ia migration tandis que Ia bioturbation et les jeux de l'hydrodyna-

~d~~~};:{~~:~~,n~.97~7~e~~:y ~~e~~:rt9s~);~ouc~oi~~ ;'o~~t le~d~~!~:x 1:ss p~:sle:~;er~~~~!~:.5 L~~ 
resultats des calculs sont plus modifi~s par les chang<:_'ij'ents i\!'portes a Ia fonction de production 
que par ceux apportes au coeff. de diffusion entre 10 et!O • 

Pour simplifier, nous avons admis que a) le coeff. de diffusion est le me me de haut en bas; 
b) la production, quoique variable au cours du temps, est forte dans les 2 premiers niveaux 
(0-Jcm); c) Ia denitrification est la plus forte entre le 4e et le !Oe em. 

Pour calculer la production (taux de nitrification) et !e coeff. de denitrification, nous avons 
Utilise le C<;'lCUl numerique avec la methode des differences finies. L'equation (!) devient, 
avec un schema lmphcite,~ 

_1_1(:,,...~ c") = Ds !frn•~ en•" t:--+..!.c."'"''1 R ( ~)- k( ) (:' .. ' 
6 ti' 1 .2AZ2l~"-r .. , ' r~ 1 HIJ + z., :z: 1 

a:e1c ~ == l'un 11es ~poi:;ts de discr*tisation :gat~~Ps (Nougler, 
198

,3). 

L 'exemple presente se rapporte a La Napoule (1976). Les valeurs mesurees correspondent a 
1a moyenne de 4 points situes a des fonds d 1environ 60 a tom. Les mesures n1ont malheureuse
ment pas ete faites pour des niveaux plus profonds que le 15e em au voisinage duquel appara'it le 
~ees~::t~~um des teneurs. Des approximations sont presentees et cornparees avec ies courbes 

~o~r les calcu1s de ces approximations, .. on est oblige de fixer le coefficient de' "dispersion 
tontque:• Ds. Nous ne I'avcns pas_g'esur!:'1 G. Bi!J.en 0977), !'tiler et al. (1985) et d'autres ont 
pr<egose des valeurs votsmes de 10 em'S ou 10 pour les sediments les plus superficiels, et de 
10 pour les niveaux pl~j I:rofo':!gs. Noyr pn!sentons les courbes relatives a quelques essais avec 
dtver~e~ valeurs (de 10 a 10, cn;'S ). On p:;~t obtenir une bonne approximatiOn avec un 
coefftctent .ma,mfestement trop eleve (par ex., I? ). Dans ce cas, Ia valeur ;Je Ia pro$ction _)st 

~~'is\;~~~~g0~;;op~a~;-"J~~~rJ c~~r~~i~~) doentMe~7 ~~t~~u~~1:e~e'::: r~~~t!6'it:1 R7:;::g-f~~; les 

~o~;fi~~e~;P;~ ~~1f~s~o~v~~Ei~~ J~n '!~pa;:•~n~u;;o~~~~i;~s d~ive~~~~~;~l}~'O~ (~~~r st;!~el:ts:C,~~ 
le plus 11 productifn) peuvent etre retenus. L'essai avec ces valeurs fourniralt une image 

~~~:!~~~~t=~ .~.~~t~~~~t ::i~~ed~~~~~~~~~t ~~0; r:i~1~~(~~~~5~~ici~t:~:~~~t~S.l)~presentations de 

soit ~~'!7 ~s5~:~~~~~~~~-g~~~'ln~~~~n~~ ~;~f~/cfe~f~~t .. ~fs~::![o':, i::q~,P~~d~O~y~t;x~;-7 ~~~~~!J• 

~
~:: ... :x:: .. 

• , ~: I 

: ]+ 
\~;Nov 1976 

Orinitri~icaHon (on-') 

RI=1000 R3=3000 R'ldOO 
(o a 3 em) (4al0) (11 al5 em) 

1000 3000 600 
6 0 0 ~00 300 

30 3 3 
1500 300 

En conclusions, la productivite des sediments du Plateau contiriental mediterraneen varie 
considenblement au cours du temps. Lorsque l'activite nitrifiante est ia plus elevce (au 
pnntemps) les valeurs de Ia nitrification sont ;:ompara~les ~ celles de sediments ~'autres mers : 
Aller et al. 0985) ont obtenu des valeurs supeneures a 10 ~M/cm'/s pour des sediments de Ia 
Mc_'6 de Chige; Vanderborght et Billen (1975) et Billen (1977) citent des valeurs comprises entre 
10 et 10 ~M/cm 3/s pour la Mer du Nord. Mais dans ces deux cas, la productivite semble se 
maintenir 8. ces niveaux relativement· eleves de fa~on beaucoup plus permanente qu'en Mediterra
n€e nord-0cci.d._~ntaJe. 

ALLER R., MACKIN J., ULLMAN w., CHEN-HOU w., SMING-MIN T., JIAN-CAI J., YONG
NIAN S., JIA-Z,IiEN H., 1985- Continental Shelf Researchr 4, 1-2,· 227-251. 

BAGLINIERE C., 1978 - These 3e Cycle, Univ. Paris VI, 116p. 
BAGLINIERC: C., CENCIARINI J., FERNEX F., PUCCI R., YAISSIERE R., 1980- Progr. \Voter 

Teclm., 12, 1, Pergamon Pr., 79-87. 
BARATIE R., 1986- These 3e Cycle (Oceanogr.J, Univ. Bordeaux l, 173p. 
BERNER Jl.A., 1971 - Mac Graw Hill, Inte;nat. S in the Earth Sc., Frank Pr., 240p. 
BILLEN G., 1977 - Th€-se, Univ. Libre Bruxelles. 
BHISOU J., 1982 r Annales Inst. Michel Pacha, Toulon. 13, 36-46. 
KEPKAY P:, COOKE R., BOWEN A., 1981 - Geochlmica et Cosmoc11imica Acta, 45. 
NOUGIER J.P., 1983- Masson, Paris. 
VANVERBOHGIJT J.P., BILLEN G., 1975 - Limnology and Oceanography, v.20(6), 953-961. 
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X-III7 
DEGRADATION BACTERIENNE IN VITRO DU LINDANE EN MILIEU MARIN SEDIMENTAIRE 

G.N. FLATAU, R.L. CLENENT et M.J. GAUTHIER 

I .. N.S.E.R.M., Unite 303, 1 av.enue Jean Lorrain, Nice (France) 

Le lindane ou yHCH a ere utilise extensivement pour limiter le d€veloppe
ment d'animaux nuisibles a la sante ou a l'activit€ humaine. Mais son emploi a dU 
€tre tres seve.rement reglernente et m€.rne interdit dans certains pays a cause de la 
resistance developp€:e par certains organismes et de sa forte toxicit€: vis-a-vis, 5 
court terme eta long terme, de la faune et de 1 1 homme qui €:pand ce pesticide et qui 
consomme les produits souill€s. Ce produit x€:nobiotique chlor€: particulierement 
stable s'adsorbe sur les particules en suspension (Crosby, 1973). Dans le milieu 
marin, apres decantation plus ou moins rapide, le lindane est accumul€ sur le s€di
ment marin. Les micro-organismes presents peuvent alors le fixer (par adsorption ou 
par absorption), et €:ventuellement le d€grader (Ware et Roan, 1970 ; Valentine et 
Bingham, 1974). Le but de ce travail €tait de dt?crire 1 1 €volution du lindane en 
contact avec un s€diment nature! abiotique ou pr€alablement ensernence de souches 
bact€riennes pouvant degrader ce pesticide. 

Quatre souches pures m€tabolisant le lindane isolCes au cours de campagnes 
pr€c€dentes ant ete utilisees en population mixte : deux pseudomonadacees et une 
vibrionacee, isoles dans des s€diments de la Rade de Villefranche-sur-mer (Alpes
Maritimes, France) et une coryn€bact€rie isoH~e dans des sediments du delta du Var 
(Alpes-Maritimes, France). 

L1 inoculum a ere prCpar€: en cultivant chaque souchc isolemt..>nt pendant 24 h 
sur milieu h3rine Agar (Difco) contenant SO mg de lindane par 1 i tre puis en recol tant 
les cellules dans de l'eau de mer sterile, utilis€e ensuite pour inoculer les sedi
ments. La population microbienne totale a €:.t€ pr€par€e 3 partir d'un sediment nature! 
prelev€ sur le Delta du Var. Ce sediment a forte concentration bact€riennc (2 J 3.105 

UFC/g de sediment sec) a He mis en suspension dans de l'eau de mer (50 g/100 ml), 
agi t€ €nergiquement pendant quelques minutes puis rapidement d€cant€. Le surnageant 
a ere utilise pour inoculer les sediments. . 

Le sediment {sable vaseux pr€1ev€. le long du 1 i ttoral a Cros-de-Cagnes, 
Alpes-Maritimes, France) a €te homogeneis€, s€ch€ a 30°C et r€parti. d~ns ~es .. cri~
tallisoirs de 2 litres sur une €paisseur d'environ 3 em (600 g), puts 1mpregne dune 
solution hexanique de lindane (500 ng de lindane/g de sediment). Le solvant a ete 
€limine par evaporation. Cette rn€thode a permis de contaminer le sediment par le 
pesticide d'une mani€re homog€:ne. Ce s€diment a €t€ ensuite inocul€, soit par les 
souches pures (concentration finale comprise entre 2 et 5.10 5 cellules/rnl), soit par 
la population totale (6.10'< cellules/ml) seule ou en presence de I g de peptone par 
litre. Un sediment charge en lindane uniquement a servi de temoin axene. Chaque 
sediment a ete recouvert par 2 em d'eau de mer sterile. Les microcosmes s€.dimentaires 
cnt ete incube.s A 25°C pendant environ 45 jours. Des €.chantillons rnoyens de 5 granunes 
(correspondant au melange de 5 prelevements dans chaque recipient) ont ete collectes 
apres 0, 3, 6, 12, 20 et 42 jours d' incubation. Les €chantillons ont €t€ dess€ch€s 
par 6 a 7 grammes de sulfate de sodium anhydre, puis le lindane a €.t€. extrai t par l5ml 
d'hexane. Le sediment a €t€: a nouveau trait€ 3 fois par 5 rnl du meme solvant. Les 
fractions hexaniques ont ete r€unies et additionnees de 2 ml d'acide sulfurique con
centre, agit€:es et centrifug€.es (5000 g, 1 S min., IOQC). 0,5 ou 1 i-!1 du surnageant 
a €t€ inject€ dans un chromatographe en phase gazeuse (Carlos-Erba 2200 P) dans 
les conditions suivantes : temperature du four : l80°C ; temperature du d€.tecteur 
(63Ni) : 25o•c ; pression N2 00 : I ,8b ; colonne : OV101, 10 %, 2m. 

La couche d'eau de mer maintenue a la surface du sediment €.tait suffisamment 
mince (2 em) pour assurer une bonne oxygenation du sediment 

Fig. I : Disparition du lindane (pg/g) 
au cours du temps (j), en milieu abio
tique (e) ; en presence de souches 
pures sans peptone (0) et avec peptone 
(.o.) ; en presence -de la population 
totale sans peptone (•) et avec peptone 
(OJ. 

0.6 h,.-----__:_:.__ _ _:___ ______ _ 

0.2 

J 6 11 20 J Ot.-~I"'S 

Les resultats montrent que le lindane n't?tait pas dCgradC d'unc rnanif~re 

significative en milieu abiotique pendant la dur€e de 1 'experience, d€montrant ainsi 
une nouvelle fois sa stabilitif chimique. Par centre, en presence de souches bact€rien
nes le d€gradant, le lindane a disparu a la vitesse de J ug/j' soit 126 ug pendant 
42 jours correspondant a 36% de la quantit€ initiale d€pos€P dans le sCdiment. En 

presence de peptoneJ la vitesse de disparition etait de 5 ug/j, soit 210 JJg pendant 
lt2 jours correspondant a 63 7. de la quantit€ initiale. Cette degradation plus impor
tante ee presence de peptone pouvait €tre due a un meilleur d€veloppement bact€rien 
dans le s€dirnent ou a un ph€:nomi2:ne de co-m€tabolisrne. Les micro-organismes peuvent en 
effet degrader le lindane plus'ou moins partiellement (d€chloration, isorn€risation, .. ) 
sans €:tre utilise comrne substance de croissance (Lal et Saxena, 1982). Aucune trace 
de 1' isomere a n' est cependant apparue au long de cette experience. Fournier et 
Catroux (1980)- ont signal€. que l 1 €tude "in vitro" de la degradation des pesticides 
par des souches bact€:riennes en presence d 1 une source de carbone suppl€:rnentaire peut 
etre un element essentiel pour caract€.riser leur biod€igradabilit€. 

Ce travail montre done que ce pesticide peut €tre degrade d'une mani€-re non 
negligeable dans les sediments marins a€robies, et que la presence de matiere organique 
favorise tr€s si_gnificativement cette biodegradation. 

- CROSBY D. G., 1973 - The fate of pesticides in the environment. Ann. !lev. Plo11t. 
Physiol., 3_1:: 467-492. 

-EDWARDS C. A., 1974- Persistant pesticides in th.e environment. 2nd Edit. C.ILC. 
Monosc iences Series, Butterworth, London. 

-FOURNIER J.C. & CATROUX G., 1980- L'utilisation de 
collection pour l'Ctude de la biodCgradaUilit€ des 
33-38. 

- FRANK P.A. 1 1970 - Degradation and effects of herbicides in watf'r. ln 
International Conference on Weed Control. Weed ScJi. Soc. 11m._. 539-559. 

- GERAKIS P.A. & SFlCAS A.C., 1974 - The presence and cycling of pesticides in Lhe 
ecosphere. Residue Res._. ~ : 69-87. 

- l.i\L R. & SAXENA D.M., ! 982 - metabolism and ~(fccts of urganochlor ine 

insecticides on micro-organisms. Rev._.!:.!::...: 95-!27. 

- SlDDEREMAPPA R. & SETHUNATHAN 1975- Persistance of y-!!CH in indi;111 rice soils 
under flooded conditions. Sci." ~: 395-403. 

-VALENTINE J.P. & BINGHAM S.W., 1974- Influence of several algae on 2,4,-D rr?siclues 
in water. Weed Sci.~ ~ : 358-363. 

-WARE G.W. & ROAN C.C., 1970- Interaction of pesticides with aquatic micro-nrgani<::ms 
and plankton. Residue Rev., 22: 15-45. 



X-IIls 
(ALCIUMPHJSPHATE EQUILIBRIUM IN THE HARD WATER RIVER THE RHJNE 

Han. L. GOLTERMAN 

Station Biologique du Valat, Camargue, Le Sambuc, Arles (France) 

Two monitoring agencies analyse 2 samples of the Rhine and I sample 

of the Rhone for about 20 chemical and physical variables at 7 stations 

every month. Colterman ( 1985) analysed 916 of these data sets for their 

accuracy and showed important errors in the ionic balances. The data were 

used for a study on the solubility of the calcium/carbonate/sulphate/phos

phate system after screening; only data with errors smaller than 6 % have 

been used in this analysis. 

At all stations the water is supersaturated with Caco
3

, the "apparent 

solubility product" depending on the pH. The regression line can be des-

cribed by IP = 8 . 73 x 10-15 .PHI5.667. 

Furthermore an acidification is seen and an increase of the sulphate con

centration when going downstream. Colterman has shown that the increase in 

sulphate concentration is due to the disposal or erosion of gypsum. This 

addition of CaSO 
4 

influences the quotient Ca/HC0
3

. The data fit well the 

theoretical regression line Ca/HC0
3 

= 0.5 ([S04J + 0.5 

The acidification originates from the mineralization of organic matter. 

This acidification is reversible, e.g. when re-equilibrium with ~he atmos

phere is re-established as happens in the delta or the coastal zone. 

The six stations downstream the Lake of Geneva are saturated with hydro

xy-apatite, the -log of' the ionic product being 50.0 (standard error= 0.3; 

N = 479). The a-phosphate concentration does not therefore depend on the 

phosphate loading of the Rhone, but on the Ca concentration, the temperature 

and the pH. As the calcium concentration is considerably increased in the 

river water, in the delta and the coastal zone large amounts of Caco
3 

and 

apatite will theceforeprecipitate. For the Rhone delta this means a precipi

tation of about 60 tormes/ year. 

Equally the disturbance of acidity and buffering capacity may influence 

heavy metal tranport and accumulation in delta and coastal zones as well. 

H. L. Gal terman (1985). The geochemistry of the Rhine and the Rhone. 5, 

Synthesis and conclusions. Annls Limnol. (Toulouse), 21 (3) 191 - 201. 

X-III9 
L' EAU PROFOf'IDE EN ~ITERRANEE SERAIT-ELLE APPARUE 

A LA FIN DE L'l-bUXENE lNFtRIEUR ? 
Jacques POUTIERS 

Departement de Geologie et d 'Oceanographie, L.A. CNRS 197, 
Universite de Bordeaux I, Talence (France) 

Les etudes sur les Ostracodes J:enthiques (Peypouquet et al. , 1984) et Etanc 

(1985) ont montre que perrlant le Tardi-Glaciaire (jusqu'a 18 (XX) ans BP.) et 

pendant 1 1 ere de transition qui a dure de 15 000 a 9 700 ans BP les con:lit:ions 

ecologiques sur le fon:l avaient favorise une abondante productivite. On notait 

en particulier une !1Eilleure oxygenation qu 1actuellenent. Ces conditions 

auraient change au debut de l 11blocene (9 700 ans BP), et depuis 7 000 ans BP 

la Mooiterranee aurait acquis son caractere oligotrophique. Cc:mnent un tel 

changellETit a-t-il pu etre realise ? 

Considerons les mecaniSilEs resp:msables des deplacements des masses d 1 eau 

dans le sens vertical. En Mediterranee occidentale, on trouve la supeq:osition 

de 3 rrasses d 1eaux; (1) l 1eau superficielle d 1origine atlantique, (2) l 1eau 

intermediaire, plus salee et relativement chaude, en provenance de la Mooiterra

nee orientale, (3) l 1eau profon:le, relativement froide. Cette derniere se forllE 

dans la partie NW du bassin pendant la fin de la pericde hivernale. Cette eau 

dense (parceque froide) s 1etale a une certaine profon:leur p. (Bethoux et Prieur, 

1983). 

Pour renouveler 1 1 eau du fond, il faut necessa;i..ranent renouveler de 1 1 eau 

profon:le. Si davantage d 1 eau du fon:l etait rerouvelee en pericde glaciaire, 

alors (juste en dessus) davantage d 1eau profonde etait fo:rrn€e. 

Bryden et Stcrrrnel (1984) ont IIPntre que pour que de 1 1eau profon:le se forllE 

actuellement, la perte de flottabilite B doit etre superieur a une valeur cri

tique Be qui depend du carre de la vitesse du courant sus-jacent (U i). Actuelle

llEnt Be = 46 Kg/ m2. Dans le Golfe du Lion (oo 1 1 eau profonde est fo:rrn€e) , B "' 

50 a 52 Kg/m2 en pericde hivernale (froide) . Cette valeur est a peine plus gran

de que la valeur =itique. SiB est plus faible que la valeur =itique, l 1eau 

froide hivernale de surface ne S 1enfonce que jusqu 1au nlveau de 1 1eau intermooiai

re. 

Cependant, lors des hivers tres rigoureux, les eaux froides, denses, de surface 

peuvent s 1 enfoncer largement et atteindre les grar.:ls fon:ls. 

Que s'est-il passe ala fin de 1 1 epcque glaciaire? Il semble qu 1alors le 

bassin m§diterraneen etait a premiere vue !!Pins bien draine qu'actuellement. 

Cela parait en contradiction avec les donnees paleo-ecologiques. 

Toutefois, pendant l 1 ere glaciaire et le debut du Post-Glaciaire, les varia

tions saisonnieres de te:lp€ratures etaient trop faibles pour que 1 1 eau hivernale 

de surface plonge, et aille r\'!IlOUVeler 1 1eau profon:le. Il n 1Y aurait ainsi eu que 

2 masses d 1eaux : la superticielle (atlantique) et celle, unifDrllE, sous-jacente, 

" m§diterraneenne " ) . 

L 1 eau profon:le telle que nous la connaissons a pu etre formee a partir de 

1 1 epoque oo les contrastes saisonniers ont ete suff isemnent mqrques. 

BEI'rKXJX J.P., PRIEUR L. ; 1983 - Hydrologie et circulation en Mediterranee nord

occidentale. Petrole et Teclmique, ASS. fr. Techniciens Petrole, et C.F.P., 

" EX::CMED "; 13- 22. 

BRYDEN H.L., S'I'CM>lEL H.M.; 1984 - Limiting processes that determine basic featu

res of the circulation in the M=diterranean Sea. Oceanologica Acta, 7; 289 - 296. 

ELANT M.O.; 1985 - Les Ostracodes temoins des echanges Atlantique - Mediterranee. 

Th. 3c, Univ. Bordeaux I, IGBI'.; 230 p. 

PEYPOUQUEI' J.P., CARALP M., DEVAUX M., ELANT M.O., FAUGERES J.C., GRCUSSET F., 

PUJOL c., VERGNAUD-GRAZZJNI c. ; 1984 - 1985 - Evolution des relations hydro

logiques Atlantique-Mediterranee. Resume. Soc. geol. France, Paris; seance 

special; Dec. 1984. 
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X-IIIJO 
CAUSES PROBABLES DES FORTES CONCENTRATIONS EN (u, flB ET ZN 

DANS DES SEDIMENTS DE lA PlAINE DE lA MffiiTERRANEE OCCIDENTALE 

A. ARNOUX 0 , F. FERNEX 00 , Y. THOMMERET000 et R. VAISSIERE 000 

0 Laboratoire d'Hydrologie et de Molysmologie, Faculte de 
Pharmacie, Marseille {France) 

oo Laboratoire de Geodynamique Sous-Marine, Villefranche-sur
Mer, et Laboratoire de Min€ralogie-Ptftrologie, Universite 
de Nice, Nice (France) 

ooo Centre Scientifique de Monaco, 16 boulevard de SuiSSl=, 
Monaco (Principaute) 

s' Ho~~e c~~~e;;;f~~!o: ~~j ~~: ~~ ~~c~~i:~~~e ~ !:~e~~1~~~!~n~e~~~i:e~;i ~o~~~~e a~' ~~urs 
du transport en eau de mer, les particules solides qui vont sedimenter perdent leurs metaux. 
Ces derniers sont ainsi liberes et relaches vers 1' eau de mer. L' un des ph&nomenes respon
sables de cette liberation serait la desorption due a la competition ionique en milieu sale 
(Peres, 1984 ; Ouaniche, 1984). La decomposition de la matiere organique a laquelle les me
taux se trouvaient fixes joue aussi un role important. La liberation a lieu en 2 temps, en 
partie pendant le transit, et en partie apres le depet qui conduit a un enrichissement des 
eaux interstitielles juste sous 1 'interface, puis a un enrichissement des sediments vers 
1 'eau de mer sus-jacente (Span, 1984). I1 existe cependant des secteurs du large ou les de
pets sont enrichis en tel ou tel metal. C'est ainsi que certaines zones de la plaine. abys
sale entre la Sardaigne et 1 'ile de Minorque presentent des concentrations· en Cu, Pb et Zn 
relativement §levees (Arnoux et al., 1983), (voir tableau). 

CONCENIRATIONS EN METAUX EN vg x g-1 DE POIDS SEC DE SEDIME!'IIT 

Secteurs etudies Bath~etrie 9! Pb ~ ~ 
Prodelta du Rhone .•........•....... 20m 50-60 60-85 150-200 400- 500 
Plat. cont. de Camarg;ue ........... 100m 25-35 20-40 100-130 350- 400 
Deep sea fan (s. 1.) du Rhone .....• 2 400-2 500 m 35-40 19-21 135-155 750- 950 
Plaine entre Minorque-Sardaigne .... 2 700-2 800 m 46-51 30-32 200-286 1 100-1 300 
Corse ouest Ajaccio ...........•.... 1 380m 21 t6 145 540 
Corse est : mer Ligure ............. 450 m 20-27 10-14 59-67 340- 480 

Canal de Capraia ....... 370m 10-15 11-20 34-64 400- 490 
Mer Tyrrhenienne ....... 500 m 23-30 13-19 70-75 390- 540 

Generalement, 1' enrichissement en Cu et Pb des sediments s 'accompagne d 'un accroisse
ment des teneurs en Mn. Il existe done des correlations Mn-Cu et Mn- Pb (voir figures). 
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L' apport par les fleuves devrai t favoriser l 'accroissement en metaux dans les sediments. 

~~e~f~!;~t d~s;~ .. ja~t d~ • :e~~;n 1~11 ~o~~~~t(:~i~~~s~t :e P~h:;g:n s~~i~!b:~~.~e5s g C~)-ljn~ 
Le debit global du Rhone et des autres fleuves de Mediterranee occidentale est d'au moins 
3 x 103m3sec.-1. Le flux atlantique est de 106m3sec.-1 (Bethoux et Prieur, 1983). L'apport 
par les fleuves correspond a peu pres au 3/1 000 de 1 'apport atlantique. Il en decoule que 
l'enrichissement de l'eau de mer devrait etre d'au moins 10 ng x 1-1, or les eaux de Medi
terranee occidentale sont pauvres en Cu et en Pb (Laumond et al., 1983). Les teneurs sont, 
a peu pres, equivalentes a celles des eaux atlantiques : 80 a 140 ng X 1-1 de Cu ; 40 a 
60 ng x 1-1 de Pb (Mart et al., 1982; Copin-Montegut et al., 1986). Il faut done qu'un meca
nisme "d' epuration " des eaux marines intervienne. Il est possible que le planet on joue un 

~~l~u~r~an~~ ~s 2~o~c~~t~a~5o~ ~e: -9rt~~~e~~~~~t~~i~u~~s s~ni ~=l~i~a;~nio eie;~~s de 
Zn (Romeo, these, 1985 ; Romeo et al., 1985). Les pelotes fecales presentent meme des teneurs 
plus elevees (Fowler, 1977). I1 devrait en resulter un enrichissement dans les sediments des 
zones a fort developpement planctonique (voir aussi Collier et al., 1981). 

Toutefois un tel mecanisme ne peut pas etre realise pour le Mn qui n'est present qu'en 
de faibles concentrations dans le plancton (Romeo, 1985). L'enrichissement en Mn dans les 
sediments superficiels de la plaine abyssale est lie a un processus geochimique. Ce metal 
est quasi insoluble en milieu oxydant ; mais il est soluble en milieu anoxique, voire subo
xique. Les teneurs en Mn dissous dans les eaux proches de 1' interface sediment-eau de mer 
(milieu oxique) sont beaucoup plus faibles que les teneurs dans les eaux interstitielles plus 
profondes. Il s'etablit un flux des niveaux reducteurs vers les niveaux sus-jacents. Ces 
derniers s'enrichissent progressivement en Mn. Ce processus ne s'applique au Cu (et au Pb) 
que si les eaux interstitielles ne contiennent pratiquement pas de sulfures dissous. Sinon 
ces metaux (en particulier le Cu) precipitent en milieu anoxique sous forme de sulfures. Et 
leur concentration ne devrait pas se trouver augmentee dans les sediments sus-jacents 
(Renard D. et al., 1976). Toutefois, il est connu que la precipitation du Mn entraine celles 
d'autres metaux (sans prejuger du processus de co-precipitation). L'exemple le plus typique 
est celui des nodules polymetalliques, qui ne se trouvent en Mediterranee que sous forme de 
micro-nodules disperses dans une matrice detritique argile-carbonatee (Added, 1981). D'une 
fa<;on probablement similaire, les sediments se trouvent enrichis en Zn la oil le Fe est le 
plus abondant (et ou les smectites sont moins bien representees et remplacees par des inter
stratifies), (Tessier et al., 1979 ; Chabert, 1980). 

En conclusion, les fortes concentrations en Cu, en Pb et en Zn dans les sediments de la 
plaine abyssale sont sans doute liees, au moins pour une grande part, au flux des pelotes 
fecales. Le piegeage de ces metaux se ferait avec le Mn ou avec le Fe par co-precipitation 
dans certains niveaux plus ou moins oxydants des sediments. 
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ABSTRACT 
Preliminary results, obtained by integrating two methods of 

underwater surveying around the isle Capraia, show that a biocoenosis 
of photophilous algae covers almost uniformly the bottom between 0 and 
20 m. The animal component is important mainly in restricted areas 
characterized by low illumination, where skiophilous associations are 
developed. 

Tandis que les fonds meubles autour de 1' ile de Capraia ont deja 
fait 1' objet d, etudes faunistiques (Albertelli et al. I 1984; Cattaneo 
et al., 1978; Drago et al., 1978), des etUdesspecifiques sur la 
distribution des biocenoses-de substrat dur rnedio- et infralittoral 
font encore defaut. 

Des relevernents ont ete effectues, en septernbre 1985, le long de 
six profils verticaux de 0 a 20 rn de profondeur, orientes, par rapport 
a 1' ile, approxirnativernent a nord (Forrniche di Capraia) I est (Punta 
Fica), sud-est (Punta Turco), sud-ouest (Punta Linguellel, ouest (Punta 
Trattoio), nord-ouest (Punta Manza). · 

Dans chacun de ces profils deux differentes techniques de 
relevernent in situ ont ete appliquees: 
- Le biotope ~les biocenoses observables le long d' une ligne fixee 

sur le fond ont ete decrits en plongee au moyen de tableaux en 
plastique. 

- A quatre profondeurs prefixes (5, 10, 15 et 20 m) on a delirnite une 
surface a peu pres verticale par une corniche carree de 1 rn de cote, 
qui portait des lignes pour subdiviser 1' aire en 16 petits carres. La 
distribution des organisrnes sur chaque surface a ete cartographiee 
separernent par deux plongeurs et photographiee. Par 1' integration de 
ces informations on a pu realiser des cartes de distribution assez 
detaillees. 

De toute fa9on des echantillons ont ete toujours collectes pour la 
determination des especes plus representatives. 

Les resultats des observations ne sont pas encore cornpleternent 
definis, surtout pour ce qui concerne la quantification des valeurs de 
recouvrernent, rnais 1' integration des donnees obtenues par les deux 
methodes peut deja fournir un premier aper9U de la distribution des 
principales associations. 

La physionornie des fonds de 1' ile parait assez hornogene sur tous 
ses cotes: en general la falaise volcanique n•arrive qu'a 5-10 rn de 
profondeur; au-dela de ce niveau il y a des escarpernents recouverts de 
Sediment alternes avec deS gros rochers d f eboulement 1 jusqu fa la 
profondeur de 15-20 rn, d' ou commence une pente detritique tres souvent 
recouverte par Posidonia oceanica. La posidonie peut rernonter, entre 
les blocs d'eboulernent, jusqu'a -10 rn environ, surtout sur le versant 
ouest de 1' i1e. Seu1ernent a P. Turco on n' a pas observe des posidonies. 

La forte transparence de l'eau perrnet la constitution, sur toutes 
les surfaces bien illurninees jusqu' a -20 rn et plus, d' une biocenose des 
algues photophiles en mode calrne (Cystoseireturn crinitae), souvent avec 
la s!lPstitution, surtout en profondeur, de Cystoseira crinita par f.,_ 
ercegovicii. 

Au contraire sur les parois verticales, rnoins enso1eillees, 
presque partout s' installe une biocenose plus sciaphile, 1' Udoteo
Aglaotharnnieturn tripinnati, qui, tout specialernent sur le versant 
ouest, peut consti tuer des veri tables facies a Udotea petiolata et 
Halimeda tuna. 
___ E_n_ plusieures stations, surtout sur 1e versant est, sur les 
surfaces verticales et ornbragees on rencontre des enclaves de 
peuplernents coralligenes a predominance anirnale (surtout les eponges 
Spirastrella cunctatrix et Anchinoe tenacior). Des peuplernents 
sernblables, constitues essentiellernent par des epq,nges (S. cunctatrix, 
!b.. tenacior, Agelas oroides, Axinella darnicornis, Acanthella acuta, 
Petrosia dural, des bryozoaires (Myriapora truncata, Rhynchozoon sp., 
Parasrni ttina rouvillei) et des rnadreporaires, tapissent aussi les 
rnicrocavites qui sont particulierernent abondantes dans les roches 
recouvertes par l'Udoteo-Aglaotharnnieturn. 

Les associations de mode calrne susdites rernontent aussi jusqu' a 
rn ou rnoins de profondeur, mais, surtout sur le versant ouest de 1' ile, 
on rencontre des vastes zones, entre -2 et -5 rn, ou ces associations 
sont substituees par la biocenose a oursins et corallinacees 
(Lithophyllo-Arbacieturn lixulae) avec de grandes taches de l'eponge 
Crarnbe crarnbe et du bryozoaire Reptadeonella violacea. 

Les conditions de courant particulierernent fort observables aux 
Formic he, ecueils affleurants a 500 rn environ de 1' extrerni te nord de 
1' ile, sont probablernent la cause de la richesse en hydraires observee 
le long de ce profil (surtout Eudendriurn racernosurn, Dynarnena disticha, 
Clytia linear is, Sertularella gaudichaudi) • 

Les biocenoses infralittorales de mode battu n' ont ete rernarquees 
que sporadiquernent: le cystoseireturn strictae seulernent en deux profils 
(P. Fica, P. Linguelle), et le Botryocladieturn botryoidis en trois 
(Forrniche, P. Turco, P. Trattoio), ce dernier stricternent associe a une 
ceinture a Li thophyllurn tortuosurn particulierernent developpee. 

L I etage rnediolittoral parait tres uniforme dans tous les profils 
examines. Au-dessus de la susdite ceinture a Lithophyllurn, on retrouve 
une zone a Nernalion helrnintoides et enfin une ceinture a Chtharnalus 
stellatus et ~essus qui, en toutes les stations, a une etendue 
comparable ( 40-60 ern): cela denote des conditions presque equivalentes 
du regime hydrodynarnique tout au tour de 1' ile. 
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UNE METHODOLOGIE PHOTOGRAPHIQUE SOUS-Mll.RINE 

UTILISEE POUR L1 ETUDE A LONGUE ECHEANCE D'UNE CO"MUNAUTE DE SUBSTRAT DUR 

Maurizio PANSINI et Roberto PRONZATO 
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Summary A benthic community living on a rocky bottom at 12 to 28 meter depth was 
examined by an underwater photographic technique over a six year period, aiming to 
collect information on the development, the dynamics and the evolution of this com
munity. The advantages and the effectiveness of this method are critically discus
sed according to the results of the first study performed concernig the sponge po
pulation. 

L • evolution des communautes benthiques en milieux infra- et circali ttoral est un 
proces qui en general se deroule avec une grande lenteur. Etant donne que la duree 
et la frequence des plongees sent forcement limitees, l'emploi de la photographie 
sous-marine nous permet de recueillir dans un temps tres r8duit une grande quantite 
de donnes. But de ce travail est celui d'evaluer en maniere critique les resultats 
d'une recherche conduite pendant six ans sur des aires temoines placees a diffE§ren
tes profondeurs sur une falaise rocheuse de la c6te ligure. 

L' aire objet d 'observation est delimitee par un cadre en plastique fixe au fond. 
Un deuxieme cadre, portant un reseau temoin en nylon est superpose au premier au mo
ment de la photographie (Balduzzi et al., 1981). Des cartes ont ete preparees en ob
servant les diapositives a la loupe binoculaire et en dessinant les contours de cha
que espece avec une camera lucida. Les surfaces de recouvrement ont ete mesurees par 
un planim€tre .. La communaute n'a pas ete d8rangee pendant l'exp8rience sauf que pour 
le prelevement de petits morceaux d'exemplaires pour !'identification. 

Entre les nombreux invert€br€s benthiques qu 'on a l • intention d •etudier, on a 
complete, pour le moment, seulement l'analyse de la cornmunaute des Spongiaires (Pan
sini & Pronzato, en presse). On a eu la possibilite de faire des observations et des 
mesures sur treize especes de oemosponges qui ant ete visibles, grace a leur dimen
sions, pendant toute la p8riode des relevements. 

on a etudie: 

- Le recrutement et la vitesse de croissance de chaque espece meme apres des pheno
menes periodiques de degeneration et regeneration; 

- des proces de fragmentation d' une 8ponge et de fusion successive d 1 une part des 
mo.r;:ceaux; 

- des variations morphologiques et chromatiques de certaines especes; 
- la longevi b2 des di ff8rentes especes; 
- des cas de mortalite d 1 exemplaires dont rarement on a pu trouver la raison; 
- la competition pour le substrat entre eponges et autres organismes, en particulier 

bryozoaires encrOutants; 
- la predation par des organismes vagiles comme les mollusques nudibranches; 
- le d8veloppement et l'6volution gEnerale de la connnunaute. 

La di versi te des probl6mes qu' on a aborde no us a permis d 1 appr8cier quali tes et 
defauts de la methode et de la modifier, si possible, convenablement. 

Dimensions Les images comprenant toute la surface (30 x 30 em} de 1 'aire temoin 
nous ant permis de suivre les variations des Spongiaires, mais pour l'€:tude des or
ganismes plus petits, comme par exemple les nombreux 8pibiotes, on a souvent eu la 
necessit6 de rephotographier des petites portions du carre avec une deuxi€me appa
reil .. Toutefois, meme avec 1' equipement macrophotographique, on n' a pas eu la possi
bilite de reconnal:tre les jeunes eponges (post-larvae) a. l 0 etat initial de develop
pement. Cette possibilite serait tres importunte parce qu'elle nous consentirait une 
estimation plus precise du recrutement. Jusqu'a present, en fait, ce n'est pas pos
sible de faire une sO.re distinction entre les exemplaires derives des larves et ceux 
d€:riv€s· par fragmentation d • autres specimens. 

P€riodicitE En Etudiant les premieres series d'images on a pu constater que la pe
riodicite des prises de vue doit ~tre choisie specifiquement pour chaque espE!ce, en 
relation avec sa vitesse de croissance, ses variations saisonni€res ou morphologi
ques, sa mortalit€: .. On a pourtant varie entre un et six mois le temps entre les ob
servations pour les differents organismes. En effet, tandis que pour des espBces a 
croissance tres lente comme Petrosia toute le duree de 1' experience a revele des va
riations a peine appr8ciables, pour suivre au contraire les conctractions et les di
latations d'Oscarella on a fait des rel€vements journaliers. Pour apprecier des va
riations encore plus rapides, qui sont frEquentes entre les eponges calcaires cornme 
ClathPina, on a mis au point un appareil photographique automatique (Cicogna & Pron
zato, 1984) qui nous consentira de prendre des series de photos a bref interval (une 
heure ou moin). 

Surfaces et volumes Du moment que la photographie est une representation bidimen
sionnelle du sujet, on a evidemrnent des problemes pour l 1 estimation des volumes des 
eponges massives et buissonnantes. On a considere, pour le moment, la surface de re
couvrement de ces especes par projection des contours sur le substrat, mais on est 
en train d 'experimenter une technique de mesurage in situ de la forme des eponges 
massives et un programme de calcul pour en obtenir le volume a 1 'ordinateur (Bave
strello et al., en presse). 

Autres organismes Le developpement saisonnier des algues et des autres organismes 
epibiothiques a croissance rapide comme les hydraires et les bryozoaires barre la 
vue du substrat pour des p8riodes assez longues, en particulier aux niveaux superfi
ciels. En profondeur ou dans les milieux sciaphiles on a main de difficultes, mais 
sur une s€rie de douze photos mensuelles on doi t quand 'm@me prevoir un €-cart du .30%. 
La visibilitE au niveau du substrat peut etre limit€e aussi, pendant les p8riodes de 
pluie, par une couche de sediment terrigene {que serait tn~s facile, mais incorrect, 
do enlever). 

On peut affirmer, en conclusion 1 que cette technique de photographie sous-marine, 
meme si susceptible d •une amelioration ulterieure est deja un instrument indispensa
ble pour les observatipns in situ et l '€tude de 1 'evolution des communautes benthi
ques. 

Balduzzi, A., F. Boero, M. Pansini et R. Pronzato, 1981. Emploi des relevements photo
graphiques dans l' etude de 1' evolution des biocoenoses de substrat dur naturel a 

Ra:pp. Comm. int. Mer Medit., 27, 9: 249-250. 
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LONG-TERM PHJTOGRAPHIC RECORDS 

FROM THE ARTIFICIAL REEFS OF f'oNACO (193)-1<}35) 

A. BALDUZZI, F. BOERO, R. CATTANEO VIETTI, M. PANSINI and R. PRONZATO 

Istituto di Zoologia, Universita, Via Balbi 5, Genova (Italia} 

La colonisation de deux recifs artificiels dans la Reserve sous-marine de Monaco 
a ete suivie par des releves photographiques pendant six ans. Apres une premiere pha
se de peuplement pionnier et une deuxi€me de dominance de la part d 'un petit nombre 
d' esp€ces, la communaute devient complexe et semblable a celle des falaises naturel
les apres 5-6 ans d' immersion. Ce processus parait se d€rouler, a -30 m, plus lente
ment qu'a -8 m. 

The animal populations settled on the artificial reefs of the 
submarine reserve of Monaco have been studied for six years by 
different methods ( Balduzzi et al. , 1985 l . Annual photographic records 
on permanent test areas allowedan ecological characterization of the 
communities, with useful information about colonization trends. After 
six years it is possible to outline the evolution of the populations 
on reef elements at 8 and 30 m depth (Fig. 1). 
- 8 m reef. After a year of immersion ( 1980 l a dense population of 

numerous species of algae ( Padina, Dictvota, Acetabular ia l has been 
observed. In the second year large specimens of Codium characterized 
the algal population, and calcareous algae began to appear. The 
animal populations were characterized by epiphytic forms, mainly 
hydroids (Dynamena, Orthopvxis). In the following years the dominance 
of Codium diminished and also the red algae became a characterizing 
element. After five years (1984) the red algae and Codium colonized a 
great part of the available substratum. Specimens of sponges 
(Crambe), hydroids (Eudendrium) and bryozoans (Sertella) directly
settled on the reef were present. 

- 30 m reef. Brown algae and serpulids ( Filoqrana l characterized the 
populations of the first year. After two years hydroids (Clytia) and 
calcareous algae showed a sharp dominance. This stage of colonization 
was followed by the settlement of a more complex population. After 
six years ( 198 5) some specimens of encrusting sponges ( Spirastrella l 
began to cover other organisms; also massive specimens of sponges 
appeared (Reniera, Ircinia). As for erect bryozoans, Sertella was 
already present since the second year, whereas PentaporafaSCialis 
appeared only later. 

As it was expectable, colonization was different at the two 
considered depths. The algae predominated on the 8-m reef, while animal 
populations predominated at 30 m. After some years, the fauna and flora 
of the reefs tend to assume similar features to those found on natural 
rocky substrata under similar conditions, i.e. vertical rocky walls 
that are present in the vicinity of the reserve, with an abundant 
sessile fauna. The hard substrata present within the reserve are mainly 
horizontally developed and their populations have contributed little to 
the colonization of the reefs. 

Settlement dynamics was slow and gradual, according to the 
"facilitation" model of community development: the pioneer species 
"pave the way" for other species, up to a climax which, at Monaco, 
probably has been reached at 8 m (where the situation in 1984 was 
almost identical to that of 1985 l, but not at 30 m. 
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Fig. 1. Diagrams of some phases of the settlement of benthic 
communities on the reefs at the two considered depths (see text 
for explanations). 
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A METHOD FOR IN SITU VOWME MEASUREMENTS OF MASSIVE SPOf\GES 
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une methode est presentee pour evaluer les variations de volume des Eponges mas
sives au moyen d 1 un appareil qui permet le releve simultane des hauteurs sur un re
seau de points couvrant le plan de 1' Eponge enti&re. Les donnees de chaque observa
tion sont €.laborees par 1 'ordinateur pour reconstruire l' evolution tridimentionnelle 

de 1 'Eponge. 

The temporal evolution of hard bottom sponge populations in 
shallow watershas been studied, up to date, by survey techniques 
involving the construction of maps (Sara, 1970 l . or photogr':lphic meth<;>ds 
(Pansini & Pronzato, in press). Both techn1ques c<;>ns1der out~1ne 
changes only, and volume variations are not apprec1ated .. Ver~1cal 
growth is negligible in encrusting forms, but three-d1mens1on<;~l 
measurements better describe the surface shape and volumetr1c 
development of massive forms, such as big horny sponges. 

Measurements of volume variations were attempted during culture of 
commercial sponges (Moore, 1908; Crawshay, 1939), but in these cases 
the specimens were not under natural conditions since they were cut 
into pieces to induce regeneration; the volume was measured by 
empirical methods and it was impossible to record changes in shape .. 

The technique here described is based on the use of a mult1ple 
height recorder (the prototype allows 100 measurements from a surface 
of 900 square em) providing information on the three-dimensional shape 
of the studied sponge (fig. 1). The outline of the sponge is recorded 
by photographic methods using a reticle in which the intersections 
correspond to the points measured by the multiple height recorder. 

Volume and outline measurements can be elaborated by computer 
representing the sampled specimen in a three-dimensional space, from 
different points of view. 

It is also possible to divide the specimen by intersecting 
planes, and the volume between them can be calculated. The data of e<;~ch 
observation can be stored into a data-base and the temporal evolut1on 
of the morphology of the specimen can be visually reconstructed by 
animation-like techniques. 

Photographic records, furthermore, allow to discriminate the 
possible causes of variation in volume, such as epizoism, predation, 
degeneration and so on. 
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Fig. 1. Multiple height recorder: three-dimentional view (above) , 
longitudinal section (below). A: traction device of central mobile 
portion for locking the height recorders. B: height recorder made of 
polythene with aluminum core. C: fastener for the maintenance of the 
position during the repetition of the measurements. Dimensions in mm. 
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The hard bottom vagile fauna is generally collected by the 
technique of complete scraping from standard surfaces. This 
method, that has been designed for the sampling of phytobenthos 
and sessile zoobenthos, shows some inconveniences for the 
collection of vagile forms. For instance it starts escape 
reactions of many organisms and provides no information about 
the stratification and the activity of the various species. 

In order to solve these problems suction samplers or mixed 
techniques of scraping and suction have been utilized. The 
suction samplers were designed for soft bottoms (Brett, 1964) and 
they are cumbersome and difficult to handle in unfavourable 
conditions such as those encountered on vertical rocky walls or 
on vaults • A combination of suction and scraping was utilized by 
Hiscock and Hoare (1973). This technique can avoid the escape 
reaction of vagile fauna, but no separation was made between 
sucked and scraped samples. 

In order to have comprehensive data on the stratification 
and the activity of various species, samples can be taken first 
by a compact and handy suction sampler on a standard surface (for 
instance: 400 cm2 ) and, after, by scraping completely the same 
area. These results have to be compared with a traditional 
scraping sample. 

The suction sampler here described is small, modular and 
made of PVC (Fig. 1), it can be easily used with precision on 
small surfaces and at a shallow depth. Compressed air is injected 
through a quick release pipe, connected to an air tank by a 
regulator. suction power is regulated by an air-tap and can be 
also modified by using different mouthpieces according to the 
type of substratum to be sampled. For instance,for samples on 
vaults, a flexible pipe can be fitted to the fore part of the 
sampler in order to maintain it in a proper vertical position 
providing the maximum power of suction and, in the same time, to 
point the mouthpiece in every direction.· The collecting bag is 
made of a nylon net with a mesh of 250 ~. Samplings have been 
carried out by sucking for one minute on a 400 cm2 area. 

A first test of this suction device consisted in a series of 
samplings from a vertical cliff. After a first sampling by 
suction, the substrate has then been scraped completely. Another 
sample by scraping has then been carried out nearby. Preliminary 
results indicate that the loss of information caused by the 
escape of motile organisms during scraping, is, probably, 
negligible. In fact the total number of specimens collected by 
scraping only ( Polychaetes, Molluscs and Crustaceans) is very 
similar to that obtained by suction and scraping. on the other 
hand, the number of specimens collected by suction can be 
considered as high enough to allow considerations about the 
possible migrations of vagile organisms on algal or animal 
canopies. A subsequent phase of testing will be the comparison 
between day and night samples. 

our prel~minary results, in fact, suggest that suction 
samplers can be useful for qualitative research on the activity 
of the vagile fauna. 
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Fig. 1. Suction sampler. A,B,C: transversal section. X: 
longitudinal section. Low: two examples of mouthpieces. 
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Resume: On donne des exemples d I application des techniques "in situ" pour etudier la 

microdistribution des herbiers de Cymodoeea nodosa(Ucria)Ascherson et rechercher sur 

la phenologie de cette phanerogame. 

Underwater sampling techniques and measurements were used to study the Cymodocea no 
dosa(Ucria)Ascherson prairies distributed in shallow and deep waters around the Is- -

land of Ischia, Bay of Naples (Castello Aragonese,-6m; San Pietro,-4m; San Montano, 

-15m) (BUIA et al. ,1985b). The structure of the prairies, the phenological features of 
different strata of the plant, its reproductive strategy and finally the vagile fauna 

that inhabits the prairies were studied. With the methods used it is possible to fol

low long-term scale phenomena (different reproductive strategy in colonizing new bare 

substrata, frequency of sexual reproduction) (BUIA et al., 1985a; CAYE et MEINESZ,1984) 

which have not yet been completely clarified in Cymodoeea nodosa, and, by quantifying 

these events, to define their ecological importance. The results reported below are 

an example of the application of these techniques. 

In order to study the microdistribution of the prairie, a 1 m 
2 

quadrat, divided in

to units of 12.5 X 12.5 em, was used to determine the density and the distribution 

pattern of C2modocea shoots. For a shallow prairie, in late spring, the density was 

525 shoots/m , with a minimum of 0 to a maximum of 24 shoots in each 12.5 x 12.5 em 

quadrat. Five distribution classes were selected as illustrated in Fig.l. A coefficient 

of dispersion (I= variance/mean), previously used for Posidonia oceanica (L. ) Delile (P~ 

NAYOTIDIS et al. ,1980), was calculated for gradually increasing sample units, doubling 

the units each time. Figure 2 shows the pattern of coefficien~ I. The values of this 

coefficient indicate a contagious distribution confirmed by X - test (the observed V§. 

lues are significantly higher than the expected values for all sampling units) (KER

SHAW, 1973). As shown in Fig.2, the sampling area can be included between 300 and 1200 

cm
2

. The same underwater method can be used to investi~ate the microdistribution of m§_ 

le and female flowers of the plant over an area of 1 m , and it can provide informa

tion on the pattern distribution of the flowering shoots in a prairie~ 

A different method was used to investigate plant features of a shallow prairie 

(San Pietro). To collect both hypogeum (roots and rhizomes) and epigeum (leaves )parts 

of the plant, a cylinder, 45 em high, with a diameter of 30 em and a total surface of 

706 cm
2

, was used (Fig.3). The cylinder, pushed with a rotating movement into the se

diment for several centimeters(about 20 em), samples a sod of the prairie. This tech

nique has been successfully used on beds formed by other phanerogames (PIRC, 1983). 

Different parameters can be measured using this technique (Table 1), which is partie" 

larly useful in comparative studies on mixed prairies of Cymodoeea nodosa and Zostera 
no~tii Hornem. 
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Table 1. Different parameters measured in 4 stations (st. 2, 

-2.5m; st.4, -2m; st.6 & 7, -4m) of the S.Pietro 

prairie I 
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ABSTRACT 

The density (shoots/m
2

) of a Posidonia meadow was evaluated, estimating two varia
bles separately: a) shoot density inside Posidonia patches; b) percent cover of 
vegetation (surface of Posidonia patches x 100/total surface). The product of 
both variables gave us the total density of the meadow. Accuracy and some features 
of the method are discussed. 

Le parametre "densi t€ de faisceaux" est devenu un descripteur presque routinier 

dans l 'etude des herbiers a Posidonia oceanica depuis les travaux de GIRAUD ( 1977). 

Mais, a notre avis, sauf exceptions ( cf. PANAYOTIDIS et al. , 1981) , i 1 manque 

un examen critique du concept, surtout en ce qui concerne la methodologie employee. 

Le but de ce travail est de presenter une methode que nous avons preparee pour 

estimer la densite d'un herbier de Posidonies (ROMERO, 1985), dans l'espoir que 

cela puisse ini tier un debat qui peut-etre menerai t a une standarisation methodolo

gique. 

L'herbier etudie se situe dans les iles Medas (Girona, NE de l'Espagne), entre 

les isobathes de -4 et -14 m. L'herbier est presque continu pres de la surface, 

mais le recouvrement diminue beacoup en profondeur, ayant l 'aspect d' une s€rie 

de taches de vegetation sur un fond de sable. Des denombrements oreliminaires 

sur des carres de 1600 em 
2 

places au hasard le long d' un transect ~athymetrique 
donne rent une variance trop elevee pour que les resu1 tats fussent fiables. Pour 

minimiser cette variance, nous eumes recours a une stratification de 1' 6chanti1lo

nage. en etudiant separement deux parametres: densi te de faisceaux dans les taches 

de vegetation (Dt) et recouvrement (R, surface de vegetation x 100/surface totale), 

d' Ou 1' on peut obtenir ai sement un troisi€-me parametre, la densi t€ globale, comme 

Dg=Dt x R/100. Cette distinction est inspiree du concept de macro- et microstruc

ture de PANAYOTIDIS et al. (1981). 

La densi te dans les taches fut estimee en denombrant en plongee les faisceaux 

presents dans une serie de carres de taille variable (400, 1600 et 10000 cm 2 ). 

La precision depend de la variance des mesures et du nombre d' echanti llons, et 

le choix du binome nombre/taille doi t se faire afin de minimiser 1 'effort du olon

geur. La distribution dans 1 'espace des echantillons se fit au hasard, a l 'aide 

d'une corde avec des marques a des intervalles irreguliers placee sur une tache 

de vegetation. le recouvrement fut estime en calculant le pourcentage de surface 

occupee par les Posidonies sur une serie de photografies couvrant chacune 1. 75 

m 
2 

de substrat. La distribution dans 1 'espace de ces photos fut aussi fai te 

hasard, en plagant une corde avec des marque a des intervalles irreguliers au 

long de 1 'herbier. 

Dans les tableaux qui suivent, nous presentons les donnees pour les differentes 

tailles d'echantillon, ainsi que les valeurs de densite et de recouvrement a diffe

rentes profondeurs. 

La methode employee permet de mini miser la variance et d' obtenir une bonne preci

sion, ainsi que d'etudier separement macro- et microstructure. Bien que du point 

de vue theorique on peut ne pas trouver tout a fait satisfaisante cette anti these 

(macro- et microstructure peuvent etre considerees comme deux manifestations a 
echelle differente issues d' un meme phenomene, la ramification-croissance et ero

sion des rhizomes), du point de vue pratique nous crayons que la distinction est 

val able et permet des evaluations de la. densi te rap ides, precises et operatives. 

Surface (cm
2

) Nombre x ( faisc .m - 2 ) SEM % 

400 10 595 32.2 5.4 
400 20 590 20.6 3.5 

1600 10 603 24.3 4.0 
10000 606 16.1 2.7 

Densite taches: 628 .:!: 19; recouvrement: 76.8 ! 3.1 %; densite globale: 482 (447-519) 

Mo:yem;e obtenue (extrapolee au m } pour la variable Dt en effectuant les preleve
ments avec des E§chantillons de tailles diverses. On donne l 1 erreur standard (SEM) 
en valeur absolue et en pourcentage. Les valeurs de densite et recouvrement sont 
aussi presentees. Les donnees correspondent a 5 m de profondeur. 
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EFFETS DENDROLOGJQJES DU PLEISTOCENE DANS L'ARCHIPEL ADRIAT!OUE 
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A b s tract: Dendrological ·effects of the Pleistocene in Adria
tic Archipelago. The earlier hypothesis on a complete glacial persi
stence of Balkan forest~, and the subsequent one on a steppic tabula 
rasa there, both are diverging from the recent palynological, anthr-

~~0i0f~~~!ti~nda~~c~~=~1r~~~a~h~a~~t~~lt~~P~!!: ~~~e~~~YP~~e~!~f~~= 
al dendroflor~ with even 287 woody species. A most acceptable inter
mediate conclusion may be that the emerged E Adriatic bottoms, isles 
and estuaries presented a local forest· oasis, being a considerable 
ressource in the regeneration of European postglacial dendroflora. 

Les changements pleistoc~nes de la vegetation littorale adriati
que est un exemple instructif des effete methodologiques sur les 
inversions iteratives dans 1' int.erpretation paleoecologique d' une 
mt!me region. 

1• D'abord, dans l'absence d'une documentation paleobotanique 
directe sur les flores glaciales du Karst dinarique, les hypoth~ses 
classiques fondees sur les comparaisons avec l'Europe et sur la div
ersite actuelle de la vegetation balkanique (Horvat 1959), jusqu'A 
mi-si~cle on a accepte sa persistence quasi.. complflte aux Balkans 
qui serait una source cardinale du renouvellement postglacia~ des 
fort!ts europeennes. 

2• Les etudes palynologiques suivantes dans la Yougoslavie con
tinentale et les analogies avec les autres pays de l'Europe meridio
nale - mais encore sans donnees directes de la flora glaciale adria
tique - ont provoque la rejection compl@te des speculations precede
ntes et impose une conclusion toute differente,acceptable durant la 
decade 1960-70: que les Balkans et les ilea adriatiques durant les 
glaciations etaient recouverts par les steppes arides et les vegeta
tions halophiles mais sans fort!ts actuelles qui seraient d' origine 
postglacial. 

3• Enfin recemment, les donnees directes palynologiques, anthra
cologiques et archeologiques des paleoflores gleciales adriatiques 
et surtout ceiUBdes fonds adriatiques qui sgnt les plus frappantes 
(Straaten 1970, D'Onofrio et Tomadin 1973, Covic 1976, Prelogovicet 
Kranjec 1983 .. Malez 1979, Lovric in press, Horvat et al •. ill press.) ont 
provoque un renversement retroactif: celles-ci etaient tr~s diverg
entes des autres paleoflores simultanees de l'Europe meridionale 
mais d'accord avec la paleoecologia glaciale des pays actuellement 
subtropicaux (cf. Goudie 1977). En bref, la-bas n'operait pas une 
migration simplifiee des zones vegetales vers les tropiques mais c' 
etait une secheresse extrt!me pleistoc~ne des regions tropicales et 
mediterraneennes simultanee avec les glaciations des latitudes plus 
elevees. Cela a provoque un retrait general des bois dans quelques 
refuges encore assez humides et chaudes - en general celles aussi 
actuellement les plus pluvieuses: monts tropicaux, iles et rivages 
subtropicaux etc. Done il est interessant qu'auss~ le littoral you
goslave est actuellement une region la plus arrosee en Europe et en 
Mediterranee (1100-5400 mm) et que par les regressions maximales 
du pleistocene, las fonds adriatiques decouverts ont rattache la 
plupart de l'Archipel adriatique au continent, excepte quelquesiles 
isolees aux fonds plus profonds de 1' Adriatique central., 

Justement sur ces fonds adriatiques, surtout en Golfe de Kvarner 
(Adriatique septentrional) et ceux de l'Adriatique sud-est et aussi 
dans les es~uaires de Rasa et Neretva, on a enregistre non seulement 
lea gisements in~iacutables des glaciations maximales (RissetWQrm) 
A pollen forestier mais aussi ceux simultanes A une faune sylvicole 
et m&me les assemblages des troncs carbonises des for&ts luxuriantes 
glaciales, comparables aux types actuels des pin~des (Erico-Pineta
lia), des futaies marecageuses (Populetalia) et autres. 

En ce contexte, il est tr~s indicatif que la dendroflore sylva
tique actuelle du ce m&me littoral yougoslave et de l'Archipel adri
atique presente bien une diversite supr~me en Europe y inclus 287 
especes et 136 genres des arbres et arbrisseax spontanes dont plusi
eurs A disjonctions relictuelles lointaines irano-caucasiennes et 
canaro-azoriennes, ~ affinites tertiaiTes subtropicales. Les sites 
singuliers A forets luxuriantes - aussi riches comme les dendroflor
es completes des pays d'Europe moyenne et septentrionale - y renfer
ment de 45 A 62 taxons ligneux, inclus les epiphytes et nombreuses 
li-anes rappelant par leur ~tructure et diversite aux laurisy±ves 
oceaniques, actuellement sont conservees aux ilea plus pluvieux de 
Krk (Golfe-de Kvarner) et de Mljet et Korcula (Adriatique sud-est) 
et aussi dans lea estuaires de Cetina et Rjecina, c.-A- d. peu kilo
m~t~es eloignes des gisements cites des for@ts gla~iales. 

Done, d'apres la connailsance actuelle du pleistoc~ne adriatique 
la hypothese classique sur les Balkans enti~res operant comme une 
grande refuge pleistocene des for&ts europeeDnes preglaciales soit 
exaggeree- mais pas de tout compl&tement refutable- tandis que 1' 
insistence opposee, sur une tabula rasa asylvatique du type steppi
que serait aussi une simplification peu reelle. Une conclusion 
intermediaire et la plus documentee sera que les Balkans et la Medi
terranee moyenne etaient pour la plupart asylvatiques - mais excepte 
une oase regionale plus arrosee et boisee auasi en Riss et Wftrm, 
renfermant 1' Archipel,_ les fonds emerges et les estuaires de 1' 
Adriatique oriental. Cela presentait une vraie Arche de Noas dendro
logique,quoique restreinte mais qui a partiellement conserve ses 
for&ts preglaciales et qui a depuis regenere une partie considerable 

de 
1~ 0~~~~~~i0l!se~~~~:~~~n:cf~i~~~iaciales adriatiques,il faut 

noter que les conif~res interglaciales de Ginz/Mindel ( Querco -
Cedretalia Quez.) depuis diaparues de l'Adriatique mais survecues 
aux Atlas et Taurus, ont transmis quelques reliques actuellement 
presentee dans les pinedes (Pinion heldreichii) des Dinarides mari
times. Les feuillus semisempervirents (Liquidambaretalia Knapp) del' 
interglacial Mindel/Riss maintenant absents en Europe ont pourtant 
livre un peu de reliques dans las for&ts semisempervirents du h@tre 
(Ilici-Fagion) des Balkans tandis que les caducifolies interglaciaux 
de Riss/WUrm (Zelkovo-Parrotietalia Zoh.) y sont aussi disparus mais 
en laissant nombreux reliques A disjonctions irano-caucasiennes dans 
les futaies humides submediterraneennes (Ostryo-Quercion dalechamp±O 
des canyons et gorges littoraux de l'Adriatique oriental~ 
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From the Pleistocene a host of endemic faunas are known, having in common 
a low diversity in taxa in which the large mammals are mainly represented by 
elephant, deer and hippo. 

The clearest examples of such faunas are found on islands in the Mediterranean, 
the Japanese arc hi pe 1 ago, Phi 1 i ppi nes and the Indonesian a rchi pe 1 ago ( Dermi tzak is 
& Sondaar, 1978, 1985). 

Common 1y pa 1 eoeco 1 ogi ci!l conditions on is 1 ands have 1 ed to the development of 
faunas with dwarfed species, showing a low gear locomotion due to the lack of 
large carnivores (Sondaar, 1977). 

It is clear that such faunas with slow moving dwarfs are ver vulnerable if 
large predators enter the island environment and mostly a sharp break in faunal 
composition can be observed after mans arrival on the island, marked by extinction 
of many islands endemics. This is extremely clear when neolithic man colonized the 
islands and brought its 1 ive-stock. 

The settlement of the Mediterranean islands by Man is generally considered a 
relative recent event in human history and it was neolithic Man who left its traces 
on the larger islands about 8000 years ago and this farmer is mostly seen as the 
first colonizer of the islands (Cherry, 1981). 

However, recent discoveries proove an earlier presence on the island Sardinia 
(Area et al., 1982; Sondaar et al., 1986) and a model is presented why only Sar
dinia of the Mediterranean islands could support a paleolithical hunter-gatherer 
population (Sondaar et al., in press; Sondaar in press). 

Pleistocene Man on islands with an endemic impoverished (Middle Pleistocene) 
island faunas is also known from different islands in S.E. Asia. The question 
arises if the arrival of this Pleistocene hunter-gatherer on the islands caused 
also extinctions between the island endemics and why some islands were colonized 
and others not. 

The fauna and flora of Pleistocene islands in S.E. Asia and the Mediterranean 
were restricted and in case of colonization by a Man a constant food supply is 
the first requirement. On an island the hunter-gatherer was probably more dependent 
on animal protein in his diet, which means that an equilibrium between the local 
fauna and Man is needed. Obviously the island must not be too small. The find 
of Paleolithic artefacts (Area et al., 1982) and a Paleolithic settlement on the 
island of Sardinia together with an endemic unbalanced island fauna with mainly 
deer and the "hare" Prolagus (Sondaar et al., 1984) has made it possible to study 
a Pleistocene island environment in which an equilibrium existed between the 
l oca 1 fauna and Man. 

The size of Pleistocene Sardinia must have been large enough to maintain a 
large population of Prolagus and overkill did not occur. On other islands in 
the Mediterranean like Crete and Cyprus endemic Pleistocene mamma 15 1 ike dwarf 
elephants, hippos and deer are found together with murids (Sondaar, 1977). The 
latter were too small to be a potential food source for man. If Paleolithic 
Man had arrived on these islands, the dwarf mammals would have been an easy prey 
and would have been quickly reduced in number and the source of food would have 
become too small to support a hunter-gatherer population. The logical consequence 
would be that Paleokithic Man would have had to leave the island, the re-esta
blisment of the deer, elephant and hippo populations must have taken at least 
several years, since the reproduction rate in these groups is low. 

Only those islands are suitable for permanent colomzation by Pleistocene 
Man if exploitation of the natural resources on the island can support viable 
human population over a larger period without exhausting the resources. On 
is 1 ands with an endemic unba 1 anced fauna with a 1 ow diversity, the presence of 
a mammal, large enough in size, with a high reproduction rate is essential for 
a possible permanent settlement of a hunter-gatherer population. The ochotonid 
Prolagus of Pleistocene Sardinia/Corsica fulfilled this requirement. Together 
with its size and not situated that far from the mainland. Sardinia/Corsica 
was the only island suitable for colonization by paleolithic Man in the Medi
terranean. 
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Sondaar, P.Y. (1977)- Insularity and its effect on mammal evolution. In: Hecht, 
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Y-Illl 
A CONTRIBUTION TO THE KNOWLEDGE OF SARDINE JUVENILE STAGES 

IN THE EAsTERN ADRIATic 

Ivo KACIC, Gorenka SINOVCIC and Veronica ALEGRIA 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

Juvenile sardine (Sardina pilchardus Walb.) started To in 

mass along the eastern Adriatic coast at the beginning of May 1983. 

Mass occurrence of juvenile sardine was recorded from the area of Istra 

(northern Adriatic) to the bay of Kastela (middle Adriatic). 

Juvenile fish were caught in large quantities completely beyong 

control. About 500 tons of juvenile sardine were caught from the 

Novigradsko more (middle Adriatic) that year. 

The exacttime of the occurrence of juvenile sardine varies from 

one year to another. Thus they occurred as early as in February in 

1981. from June to September in 1983 .and from April on in 1984. 

All the analysed catch samples showed the fish of length smaller 

than that permitted by the Marine Fisheries Law. 

This situation raises a number of questions to be solved, as to 

what quantity amounts the total stock of juvenile sardine in the areas 

where-from they are recorded, for how long to they keep in these areas 

and wether they hibernate there or not. 

The occurrences of juvenile sardine in the close vicinity of the 

coast were recorded earlier but very rarely and never in mass (Erce

govic, 1940, Muzinic, R., 1954, Karlovac,J., 1967, Kacic, 1972). 

Already obtained data 

The data were collected from the bay Novigradsko more include 

the length distribution, age structure and weight-length relationship 

of juvenile sardine population. 

The total length of juvenile sardine from the eastern Adriatic 

ranged from 5,5 em to 11,0 em and weight from 2,3 g to 10,6 g. 

Length frequency curves are bimodal and unimodal, symetrical 

prevailing. Dominant modal values were 7,5 em (50%) and 8,5 em (33%) 

(Fig.l). 

All the individuals were in the first year of age or a bit 

older than a year probably due to a rather long spawning time of 

adult sardine. 

Allometric relationship between length (L) and weight (W) of 
juvenile sardine from the eastern Adriatic was obtained by the expres

sion: W=aLb 

Where b is allometric factor and a the constant. 

Positive allometry was established (b:3,4260, r 2=0,9966). 

As seen in Fig. 2 growth in length is particularly pronounced in 

juvenile sardine from the eastern Adriatic up to 4,0 em during what 

time ~ain little in weight. From 4,0 em to 10,0 em weight gain is 

much more pronounced and particularly pronounced at lengths exceeding 

10,0 em. 
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Y-III2 
SPAWNII'«J AREAS IN THE SPANISH r·1EDITERRANEAN SEA IN SPRING 1982 

A. LAGO DE LANZOS and A. SOLA 

Insti tuto Espanol de Oceanografia 

In may 1982. an IctyopJankton survey done in the .:>pan:_sh 
Mediterranean sea in order to spot posible areas of comme'rcial interesting 
5pecies. 

44 stations were Considered, 18 in the Alboran sea, 21 in the Gulf of 
Vera and the Gulf' of' Alicante, and 5 in the Balearic sea (f'ig. 1), using 

~~:,.:::e:.ampling a 335 f· Juday Bogorov net with a "2031 General Oceanic" 

. 0<:::> 
• • !? MAR BAL£AR 

SPAIN 

The tows were double oblique 
and the maximun depth reached was 
70 m • 

The interesting commercial 
especies round Sardina 
pilchardus, (\1/albaum, -1792)-;-
EiigX:atiiTS encrasicolus ( Linnaeus t 
1758)~--- -T-r-ac_h_u_r_uS___ t r a churus 
( Linnaeus, ---T7_5_8T, !racilurus 
medi terraneus ( steiildiChrier-; 
Ya58r---y---- Mu 11 us ~~!:~~.!:.!.!~~ 
(Linnaeus, 1758);---

The highest density of' 
sardine was located 'k" the Albo-

F ig .1. --Stations Situation· ~~J ~:~r!;~~~~i~;g:i~h !~e s::~~~~ 
water 50 m. deep (Gil, 1985)

2
and 

decreasing northward with a minimun in the Gulf' of' Vera (0,19 eggs/m in 
station 24) and disappearing !"rom this zone !'or the time of' the survey 
(may) that could represent the end of' the spawning of' this species in the 
Mediterren~aQ· Sea (Fage, 1920) (f"ig. 2 and 3). 

~BE.!!~~ !:!!~~.?:~~ starls to spawn in this time with its density 
growing through the itinerary f'ollowed. Its presence reaming practically 
cons ta~t with the maximun of' eggs and l!!rvae in the Gulf' of'· Alicante ( 63 
eggs/m in station 28, and 53.62 larvae/m in station 34) ( f'ig. 4 and 5). 

The maximun values in the Alboran sea are found in the stations near 
Malaga where the superf'icial temperatures are higher than 18 •c (Gil, 
1li;:,s). 

The horse mackerels, Trachurus trachurus and T. medi terraneus were 
only f'ou!Jd in the Alboran sea--wit_h_o-;,t-clearl,y-def'ined sp-a-wni-ngp_o_n_ts_ (1.30 
larvae/m maximun). 

The mullet were captureJ only in the Balea2ic sea with a maximun in 
the inner part of the Bay of' Palma (5.25 larvae/m ) . They all belong to the 
species ~- ~~.:::~~.!~!~~ which would confirm. the earlier spawning period of 
th i ~:; in reJ a tion to !i . .!?_~::£~!~~. 

As for, the rest of the species, they change according to the 3 areas 
studied (f'ig. 6), the main groups being always myctophidae and sparidae but 
in.~.the Balearic shore where the stomiat.; dae are dominant. 
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Fage, L (1910). Engraulidae, Clupeidae. Rep. Danish Oceanogr. Exped. 1908-
1910. Med. adjac. Seas, 2, Biology. A. 9, 140 pp., Fig. 1-49 

Gil, J (1985). Resultados de la Campana Alsarev en el. Mar de Alboran 
yo ne 1982. Tri'ormes Tecnicos I.E.O. n2 34 
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CD-OCCURRENCES OF ANCHOVY (Ef'KJRAULIS ENCRASICOLUS) AND GILT SARDINE 

(SARDINELLA AURITA) EGGS AND LARVAE OFF THE E8Ro RIVER DELTA 

(CATALAN CoAST) 

Isabel PALOMERA 

Instituto de Ciencias del Mar, Paseo Nacional s/n, Barcelona (Espana) 

Resume 

Nous avons etudie les oeufs et larves d'Anchois et Allaches re
coltes pres du delta de l'Ebre pendant le mois d'aout 1985- Il semble 
que la ponte de 1 'Anchois ai t lieu pres de 1 'embouchure de 1 'Ebre, se 
dispersant dans toute la zone ou se trouvent egalement des larves, me
me sur le talus. Les oeufs d'Allache ont une distribution tres diffe
rente, en deux branches separees du delta, mais les larves se trouvent 
aussi dispersees. 

The coincidence of the spawning season of two clupeiform 
fishes, anchovy and gilt sardine, in summer, in this area, made us 
to consider the study of the distribution of the eggs and larvae in 
order to analyse th'e possibility of interactions between the two 
species occupying the same trophic level. 

During august 1985 a cruise was carried out on the continental 
shelf off de Ebro river delta, from 40"59'N to 40"'09'N, with some 
stations on the slope. A total of 20 stations were occupied. 
Oblique plankton samples were taken with a Bongo net. 

The distribution of the anchovy eggs shows <Fig.l-Al that the 
spawning takes place near the mouth of the river and that the eggs 
are distributed all over the area but are never found in the 
stations located on the slope. The mean abundance is 42.05 eggs 
under 10 m2 of surface sea. Anchovy eggs were found in the majority 
of stations <Table I>. Gilt sardine eggs have a mean abundance of 
34.0, very similar to anchovy eggs but they were only present in 5 
stations. If we look a t the figure Cl-C> we can see that this 
distribution is concentrated in two areas that could mean that this 
species avoids the influence of the river, showing a different 
pattern than the one shown by the anchovy. 

Anchovy larvae <Fig. 1-B> are widespread distributed, mare 
concentrated in the central part and are even present on the slope, 
where the most larger larvae are found. The abundance is 186.65 
larvae under 10 m2, and the standard length ranges from 2.5 to 14 
mm. In the case of gilt sardine the mean abundance is 399.25, 
almaust double of the number of anchovy larvae, and with predominant 
abundance of larvae of early stages. They are mainly concentrated in 
the central part of the area <Fig. 1-D) where we have caugth 3812 
larvae under 10 nr'' in the most abundant catch. Very few larvae 
appear near the delta and at the slope where as it happens to the 
anchovy, the most larger larvae have been caught. 

The surface temperature ranges from 23.98 to 26. 45"'C, decreasing 
from north to south. It does not seem that temperature has any 
influence in the pattern of distribution of both species, anchovy 
and gilt sardine 

ANCHOVY 
Eggs 
Larvae 

SAROINELLA 
Eggs 
Larvae 

TABLE I 

T>Jt, st. P>Js, st. Abundance(x)(n2/10m2
) 

20 
21) 

20 
20 

15 
18 

5 
15 

T•:1t. St. Pos, St, 

42,05 
186,65 

:34,0 
399,25 

56,06 
207,39 

1:36,0 
532,3:3 

Range 
112 

7 - 269 
15 - 656 

17 - 278 
8 -3812 

Standarcdev. 
ll"n 

65,23 
189,61 

101 ,24 
]1)39' 26 

Fig. l.- Eggs and larvae distribution of anchovy <A, BJ anr:l 
gilt sardine zC, D> oft Ebro river delta (nQ/10 m·"). 
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Y-III4 
DISTRIBUTION DE LA PONTE DE L' ANC!-I:)IS (EN3RAULJS ENCRASICOLUS l.) 

SUR LA COTE (ATALANE ((AP (REUS - DELTA DE L'EBRE) EN 1983 
Isabel PALOMERA 

Institute de Ciencias del Mar 1 Paseo Nacional s/n, Barcelona (Espana) 

ABSTRACT.- Distribution and abundance of anchovy eggs taken during six cruises 
off the Catalan coast between April to October 1983 have been analysed. The spatvning 
season began at the second fortnight of april in the southern part of the sampling 
area and in mai at the rest of the area. The lmvest average abundance was 4.4 eggs 
per 10m 2 of surface sea in october and the highest was 20283.5 in june. The spa\vning 
season was shorter at the northern part~ but the highest abundance values per 
station were found there. The spawning began when temperature values rang from 
13 to 14'C. 

Nous avons etudie les oeufs d' anchois recoltes pendant six campagnes 
faites sur la cote Catalane entre Creus (42°24'N) et le sud du delta de l'Ebre 
(40°24'N) pendant les mois d'avril octobre 1983. Les €chantillons de plancton 
ont ere pris avec un eng in Bongo, le long du plateau et sur le talus. 

Les oeufs d' anchois ont ete trouves au cours de toutes les campagnes. 
On peut voir sur le tableau I que l 'abondance rnoyenne est comprise entre 4,4 et 
2083,5 oeufs 10 m2 de surface. Le nombre le plus bas a ete trouve en octobre 
et le plus en juin, rnois oU les oeufs etaient presents sur toute la zone, 
sauf a deux stations. 

On peut cteduire de nos observations (fig. 1) que la ponte de l 'anchois 
en 1983 a commence durant la deuxieme quinzaine d'avril dans la partie sud de la 
c6te catalane. En quelques jours elle s 'est etendue a toute la zone. Dans ce sec
teur, la ponte a continue durant les sept rnois qu' a dure 1' etude. L 'abondance n 1 a 
jarnais d€passe 10 000 oeufs par 10m 2

• Dans les aut res parties de la zone exploree 
la ponte est plus tardive et plus courte (rnai a aofit probablernent). L'abondance 
des oeufs y est plus elevee : 10 000 a 20 000 oeufs par 10 m2. 

Les donnees concernant la zone nord coincident avec celles indiquees 
par Aldebert et Tournier (1971) pour le golfe du Lion (Roussillon) en 1966 et 1967. 
Ces auteurs y observent en effet un maximum de ponte en juin. De plus comrne nous 
ils constatent que la zone proche de la cOte est en general pauvre, les densit6s 
les plus elevees se situant sur le talus. 

On a trouve des oeufs d' anchois dans des eaux superficielles ayant une 
temperature de 13,5 a 26,5° c eta 20m de profondeur a une temperature de 12,7 
a 24, 7o C. La ponte commence quand la temperature atteint l3°C et elle s 1 intensifie 
avec le rechauffement. Dans la zone nord la temperature la plus favorable a la 
ponte est sup€rieure a l4°C. La salinit€. superficielle etait de 35,5 a 38,2 o /oo 

rnais on a trouve des oeufs au n:!.veau de quelques stations sous influence continen-
tale oU la sal~nit€: etait de 29 o joo. Il fRui. quP. le maximnm dP ponte 
observe au mois de juin co::i:ncide avec la prfsence d'un dil a une "plume!! d'eau 
continentale au voisinage ctu c.1p Cn:!uS (CastellA'n~ Salnt et Mn.sO, 1985). 

TABLEAU 

CAMPAGNE DATE INTER. NQ STAT, NQ ST, POS. ABONOANCE MOYEN. ( n£/1 Om" l 
lJOursl Tot, Stat, Stat,Pos, 

AR 01 14/4-26/4 39 12 66,7 216,9 
-------------------- 18 -----------------------------------------------------

AR 02 1415-2015 39 31 941,3 ll84.2 
-------------------- 19 -----------------------------------------------------

AR 03 816-12/6 39 37 2083,5 2196,1 
-------------------- 37 -----------------------------------------------------

AR 04 1917-2517 39 30 899,8 1169,8 
-------------------- 44 -----------------------------------------------------

AR <)5 719-14/9 39 13 33.1 99,4 
-------------------- 20 -----------------------------------------------------

AR 06 4/10-10110 39 7 4.4 24,7 

Do [[ill1-10 .11-100 [111o1-1000.l001-10ooo .>1oooo 

Fig.1- Distribution aes oeufs d'anchois recoltes durant six 
campagnes ef fectuees en 1983 (nb. /10 m de surface marine). 
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Y-IIIs 
DISTRIBUTION SPATJALE ET TEMPORELLE DES LARVES DE POISSONS 

MEso ET BATHYPELAGIQUES suR LE PLATEAU CoNTINENTAL CATALAN 

A. SABATES et M. MASO 

Institute de Ciencias del Mar, Paseo Nacional s/n, Barcelona {Espana) 

ABSTRACT,- The spatial distribution of meso and bathypelagic fish larvae on the catalan 
continental shelf, is related to the general circulation and bottom topography, Myctophid larvae 
are specially abundant during June and July, while the Main spa•ning period in the Gonostomatids 
varies among the species, 

Les prelevements {39 stations) ant ete realises mensuellement, d 1 avril a 
octobre, en aoUt, sur le plateau continental Catalan, du cap Creus a 
l 1 embouchure l 1 Ebre. Les prises de plancton ont ete effectu8es avec un filet 
de type Bongo de 40 em de diametre et 300 f de vide de maille. 

Distribution spatiale et abondance. 

Les larves de poissons meso et bathypelagiques dans la zone du plateau 
continental sont tres abondantes. Les especes identifiees, appartiennent aux 
familles .Myctophidae, Gonostomatidae, Paralepididae, et Spernoptychidae. La 
famille Kyctophidae montre la plus grande diversite specifique, et le 
Gonostomatidae Cyclothone bnweri est 1' espece la plus abondante. Comme exemple 
nous presentons la distribution des larves de Hyctophum punctatum, au cours des 
differents mois, car elle est assez representative de la plupart desespeces 
etudiees CFig.lJ. En general, les larves sont distribuees le long de l'isobathe 
des 200m. Dans la partie nord, sur les caftans de Blanes et de Pala:m6s, ou la 
profondeur est importante, les larves se trouvent pres de la cote. Au sud, 
avec une structure du fond tres differente, le plateau continental s' etendant 
jusqu' a 30 milles de la cote, on trouve aussi une distribution plus cotiere, et 
une abondance de larves tres elevee. Cette situation semble l'!tre en rapport 
avec le courant general, qui dans cette zone, par suite de la topographie du 
fond, presente une nette composante vers terre CFONT, 1986). Ce courant 
pourrai t concentrer les larves provenant de zones plus eloignees, si tuees sur 
le talus, oii probablement les concentrations seraient plus elevees, etant donne 
l' habitat oceanique des adul tes. Cyclothone braueri, espece la plus 
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Fig. 1 Jfyctophum puntatum Fig. 2 Cyclothone braueri 

abondante, presente dans cette zone, au mois d'octobre, des concentrarions 
tres elevees/ superieures a 1000larvesl1011f".(Fig.2). En general les larves de 
Cyclothone braueri durant ce mois, apparaissent dans la plupart des stations 
echantillonees, ~me dans les stations les plus cotieres. On peut admettre que 
les larves de Cyclothone braueri vi vent dans les niveaux plus superficiels de 
l'eau CJERPERSEN et TAHING, 1926; DEKHNIK et SINYUKOVA, 1964; .MASO ET PALOMERA, 
1985J, ce qui permettrait leur dispersion par un effet de derive du a l'action 
du vent. 

Distribution saisonniere 

On a etudie la variation d'abondance des especes les plus frequentes sur 
un cycle semiannuel C Fi. 3l. En general, et en accord avec les observations 
d' autres auteurs, les trois especes appartenant a la fami lle des Myctophidae, 
Benthose11J8. glaciale, Hyctophum punctatum, et Ceratoscopelus 11J8.derensis, 
montrent une abondance maximale durant leur peri ode de ponte; A la fin du 
printemps et pendant l'ete, fait qui coincide avec le maximum saisonnier de 
production de zooplancton. On obsenre un autre pic mains important au mois 
d'octobre, qui pourrait l'!tre en rapport avec le pic de production primaire qui 
a lieu a cette epoque CESTRADA, 1985). Chez les Gonostomatidae, les deux 
seules especes recoltees, Haurolicus muelleri, et Cyclothone braueri, 
presentent des distributions saisonnieres opposees, une segregation 
temporel!e maximale en avril et en octobre. 
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Fig. 3 Variation d' abondance des larves de Kyctophidae et de Gonostomatidae 
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I CHTYOPLANCTON DE VI LLEFRAfiK:HE-SuR-MER 

IDENTIFICATION ET DESCRIPTION D'UNE lARVE DE lEPIOORH0"1BUS BOSCII <RISSO, 1810) 

J. SARDOU 

Station Zoologique, Villefranche-sur-Mer (France) 

Abstract 

In this paper a 3.8 mm total length larva of Pleuronectiform fish of Ville
franche/Mer is described and identified with a larval Lepidorhombus boscii, (Risso, 
1810). 

En 1960 Thomopoulos decrivait une larve de poisson de 4 mm de longueur totale 
proven ant d' une pee he effectuee en septembre 1957 a Vi ll efranche-sur-Mer et l a de
terminait comme etant un stade larvaire de Zeugopterus punctatus, Bloch. Notre 
attention a ete attiree par le fait que cette espece ne semble pas vivre en Medi
terranee, du mains aussi loin de Gibraltar ; elle n'y a ete mentionnee que par De 
Buen ( 1936), et par Lozano y Rey ( 1960) sur 1 a cote orienta 1 e d' Espagne (Valence). 
La determination d' un exemp 1 a ire proven ant des par ages de Monaco, et signa 1 e person
nellement a Thomopoulos par Belloc, n'a jamais pu etre verifiee, ce specimen ayant 
ete egare. L' existence de Zeugopterus punctatus dans cette region de l a Mediterranee 
nous parait plus que douteuse. De plus, le dessin donne par Thomopoulos de la larve 
de 4 mm ne semble pas correspondre a un des stades de cette especes decrits par 
Petersen (1905, 1906 et 1909), Kyle (1913) puis repris par Padoa (1956) ou Russel 
( 1976), bien qu' ayant des res semblances certaines. 

Nous avons retrouve, dans un plancton du mois de septembre, une larve de 3.8 mm 
de longueur totale, identique a ce11e dessinee par Thomopou1os. 

Qescription: Nous donnonsici un dessin (Figure 1) de cette 1arve, et la decrivons. 

::::.'{(~ ~v'>··~ ,: ~ <..__.. . ' . ·, · .. · ..... _,·. \\·. 

. ' 
Fig. 1 Larve de Lepidorhombus boscii (LT 3.8 mm) peche~ a Villefranche-sur-Mer. 

Les mensuration sont 1es suivantes : 
Longueur totale 3.8 mm, longueur standard : 3. 7 mm, longueur avant 1' anus 1.86 mm, 
longueur de la tete 0.77 mm, diametre de l'ceil : 0.31 mm. 

On peut distinguer au total 37 a 38 myomeres dont 10 avant l 'anus. L'extremite 
posterieure du corps n'est pas encore bien formee et on ne voit aucune trace des hy
puraux, ni d'actinotriche. La machoire inferieure est proheminente ; on ne distingue 
pas d'epine dans la region de la capsule otique. La pigmentation est tres caracte
ristique, composee uniquement de melanophores distribues sur la nageoire primaire, 
en bandes inclinees, 5 sur la partie dorsale de cette nageoire, et 5 sur sa partie 
ventra 1 e ( 2 sur 1 e 1 abe preanal et 3 a pres 1 'anus). A 1 a base de chacune de ces ban
des sur le profi 1 du corps, se trouve un amas de melanophores ; 1 'ensemble donne une 
figure en chevrons incomplets diriges vers 1 'avant. On trouve encore des melanophores 
sur 1 a tete, que 1 ques uns au des sus de 1 a moit i e anteri eure du tube digest if, vers 
la base de la pectorale qui est tres transparente, et enfin, un petit a l'angle pos
teri eur de l a mac hoi re i nferi eure. Les yeux sont argentes. 

La forme et les proportions du corps, la position de l'anus et 1a pigmentation, 
designent, parmi les larves de Pleuronectiformes, la famille des Pleuronectides au, 
et surtout, celle des Scophthalmides. Les descriptions de Petersen, reprises plus 
tard par d' aut res auteurs, bien que port ant sur des s tades un peu p 1 us ages, et avec 
des variantes dans le nombre et Ia position des taches de pigment, nous amenent a pen
ser que nous avons affaire a une larve de Lepidorhombus boscii (Risso, 1810). 

Cette espece est presente dans 1 a reg10n et nous I' avons deja capturee par des 
fonds de 300m, le long du Cap ferrat. Mais, cette larve ayant deja plusieurs jours, 
l'eclosion et la ponte peuvent avoir eu lieu assez loin de Villefranche; en effet, 
le courant cyclonique existant en Mer Ligure peut entrainer 1 'ichtyoplancton, pen
dant son deve 1 oppeme.nt embryonnai re, l arvai re et post-1 arvai re, a une grande di stan
ce de son lieu d'origine qui, dans 1e cas present, peut etre la Riviera italienne ou 
meme 1 a Corse. 

Aucune capture de larve de Lepidorhombus boscii n'a encore, a notre connaissan
ce, ete mention nee en Mediterranee. 
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ICHTHYOPLANKTON OF THE EGYPTIAN f1EDITERRANEAN WATERS 

I. EGGs oF EN3RAULIS ENCRASICOLUS 

N.M. DOWIDAR and H.H. EL-RASHIDY 

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

Throughout the period from February 1984 to April 1985, 126 ichthyoplankton 
samples were collected from the S.E. Mediterranean waters overlying the continent
al shelf off the Egyptian coast between longitudes 29.45'E and 33°45'E. The stati
ons were arranged along sections more or less perpendicular to the coast. These 
stations were from west to east : Agami,Rosetta,Burullus,Damietta,Diba,Gamil,Port
Said, Tena ,Bardawil and El-Arish.With few exceptions 3 stations were sampled in ea
ch section representing coastal,middle and offshore zones. Surface (upper 1 m) and 
obljque (20 m) samples were collected seasonally using an ichthyoplankton net,d~a
meter 100 em, mesh size 0.5 mm,fitted with a flowmeter. In each sample 7ngraul3s 
eggs were sorted and counted , the counts were converted to represent No.·, 1000 m • 

In each season , the dimensions of 25 eggs taken from the inshore sampl-
es collected between Damietta and El-Gamil were measured to the nearest 0.01 mm. 

~~~~:!:!:~-~~~-~~~<:~~~~~~ 
Egg size : Engraulis eggs are ovoid rather than spherical. In the study area 

marked seasonal and spatial variations in both size and shape of anchovy eggs were 
recorded ( Table l ) • As well known, variations in egg size in the plankton could 
be related to many factors such as the presence of several year classes spawning 
together and/or the spawning of different ovarian egg groups of different sizes pa
rticularly in species with long spawning season such as Engraulis • In addition to 
these factors Table 1 shows that the size of Engraulis eggs may be modified by abi-' 
otic factors such as water temperature and G't. The minimum values of the lengths 
of both axes and \:he egg volume were recorded during the warm months (Temp • .'25-
n•c), while the largest volume was recorded in winter (Dec.- Feb.,temp. 15- 19°C). 

Table 1. Mean values of the dimensions of Engraulis eggs from the coastal waters 
of the study area in different seasons. 

Feb. April Julv October 
axis 1.297 1.131 l.1S1 1.132 Major 

(mm) 
Minor axis 

(mm) 
Ratio 

(Mn/Mj) 
Volume 

(mm3) 
Temp. •c 
Salinity %. 
Sigma T 

±0.085 ±0.060 ±0.072 ±0.030 
0.677 0.613 0.578 0.570 

±0.052 ±0.040 ±0.023 ±0.026 
0.524 0.542 0.502 0.504 

±0.064 ±0.055 ±0.041 ±0.021 
2.487 1.770 1.609 1.544 

±0.361 ±0.196 ±0.144 ±0.162 
14.9 19.0 25.5 26.6 
39.02 39.47 39.77 38.88 
29.11 28.46 26.81 25.79 

Nov. 
1.165 

±0.042 
0.595 

±0.032 
0.511 

±0.037 
l. 742 

±0.203 
22.5 
38.09 
26.44 

Dec. 
1.197 

±0.055 
0.631 

±0.036 
0.527 

±0.039 
1.999 

±0.247 
18.7 
38.63 
27.89 

Statistical correlations indicated that salinity has no significant effect on 
the size of Engraulis eggs while the effect of temperature is more pronounced. The 
correlation coefficient of these parameters were as follows : 

Temp. Salinity Sigma T 

Major axis -0. 77(p<0.05) -0.16 (N.S.) 0.66 (N.S.) 
Hi nor axis -0.97(p<0.001) -0.09 (N.S.) 0.89 (p<O.Ol) 
Volume -0.9l(p<O.Ol) -0.10 (N.S.) 0.83 (p<0.02) 

These results indicate that the volume of Engraulis eggs is mostly regulated 
by ambient temperature and that the minor axis is more susceptible to temperature 
vadations. On the other hand it was found that the volume of eggs laid in the 
offshore waters was about 20% larger than that of eggs laid in the coastal waters 
in the same period. The larger size of oceanic eggs may indicate a seperate popul
ation or may be an adaptation to the poor food conditions available for the hatched 
larvae (Dowidar, 1983). 

Distribution of Engraulis eggs : Engraulis encrasicolus is extremely euryhaline 
(S%. 5-41.5% 0 ) and eurythermic (temp. range 6-29°C). Hence its distribution in the 
study area is not limited by either of both factors (temp.range 14.9-26.6°C and S%. 
38.8-39.5% 0). In the study area Engraulis eggs occurred in the plankton in all sea
sons being present in 55.5% of all samples collected. However,eggs were more common 
in the inshore waters where it occurred in 82% of the stations sampled ,against 48% & 
43% of the samples taken from the middle and offshore zones,respectively. 

Table 2. Average density of Engraulis eggs (No./1000 m3)in the 3 zones in 
each season • 

Month Inshore Middle Offshore %0ccurrance 

February 2960 25 
April 438 47 355 75 
July 522 31 707 75 
October 955 49 53 35 
Average 1219 32 279 55.5 

As shown in Table 2, eggs were abundant in the inshore waters of the area pa
rticularly in winter. This is mostly correlated with the high phytoplankton cont
ent of the coastal waters (Dowidar, 1 g83). In the offshore waters eggs were remark
ably common during April and July specially in Rosetta and Tena sections. The patt
ern of distribution of Engraulis eggs in the area indicate that the population is 
probably composed of two stocks of anchovies. A local endemic stock which ihabits 
the fertile coastal waters and reproduces throughout the whole year with the peak 
in winter. This peak coincides with the season of maximum phytoplankton crop (Dow
idar, 1983). The second is the offshore population which invades the area during the 
warm seasons and spawns in the oceanic waters with the climax in April to July. The 
fact that the incubation period of the anchovy eggs is short (1-3 days) excludes 
the possibility of mixing eggs of both populations by local circulation. Further
more the egg size of the oceanic population is significantly larger than that of 
the coastal population. Concerning the geographical distribution of eggs in the ar
ea,it was found that Rosetta and Diba sections shared equally 45% of the total eg
gs collected, followed by Damietta 16% , Tena 12.6% ,Port Said 7 .6%, Burullus 4.4%, 
El-Arish 3.4% and Bardawil 2.3%. The lowest density (0.2%) was recrded in Agami s~ 
ction indicating that Engraulis avoids the oligotrophic waters west of Alexandria 
(Dowidar, 1983). 
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SARDINE SPA\'illliN3 GROUNDS OFF THE NoRTHERN ALBORAN SEA WASTS 

MSED ON A 1982 AND A 1984 ICHTHYOPLANKTON SURVEYS 

A. GARCIA and J. PEREZ RUBIN 

Institute Espanol de Oceanografia, 
Centro Costero de Fuengirola, Fuengirola, Malaga (Espana) 

Two fish egg and larval surveys carried out in the month of March, 1982 and 
November, 1984, with the common objective of localizing sardine spawning grounds 
in the coastal waters of the Alboran Sea will be the basis of the present paper. 
Although both cruises have the sampling area limited to the west by the locality 
of Estepona <050W),, the 1984 survey covers practically the whole extension of the 
Alboran Sea up to Cabo de Gata <02°10'W>, whereas the 1982 survey is limited to 
the east by the locality of Kotril <03°32'W) covering 60% of the aforementioned 
area <Fig. 1) • 

... a• 

Fig. 1.- Staticn chart. ( • tbvalber 1984; o March 1982 ) · 

The following communication is based on the analisis of 22 ichthyoplankton 
samples from the 1982 survey and 27 samples from the 1984 survey, proceeding from 
stations along the coast, alternating close to shore stations with others 
offshore. In both surveys, the bottom depths range from aproximately 25-200 mts .. 

The samples were realized with a Bongo plankton net of 40 em. mouth opening, 
equipped w1 th a 250).1 and 335).1 meshes, General Oceanics 2031 flowmeters and a scuba 
depth recorder to obtain maximum depth reached in the tow. 

Samples taken from the 250).1 mesh were used to evaluate zooplankton biomass <dry 
weight and wet weight) and organic matter. 

Although the most representai;i ve ichthyoplankton fraction in both cruises 
correspond to Sardina pilchardus, the lfovember survey, coinciding with sardine's 
spawning commencement in these waters, shows a much higher predominance (89. 8% and 
27.9% of all eggs and larvae captured, respectively) than in the Jra.rch survey 
<20.4%,17.4:4). This may be attributed to a major specific diversity of spawners in 
spring, since a more generalized spawning of neritic species occurs from spring 
through summer. Sparids, for example, increased greatly in the !ra.rch survey (68. 7% 
and 12.7:4 of all eggs and larvae caught) where ~ ~ larvae is the most 
representative species appearing with respect to that of lfovember <1. 1% and 3. 4%), 
in which ~ ~ larvae is practically the only sparid appearing. 

Xyctophid larvae, which are very abundant in all the ichthyoplankton surveys 
conducted in our waters, are quite constant in their proportions in both cruises 
<43% and 46%). 

Figs. 2-5 represent the egg and larval abundance spatial distribution of 
~ pilchordus in each of the cruises. In general, two main spawning areas 
have been observed, one localized in the western sector and another in the eastern 
sector. 

An earller spawning can be presumed to occur in the eastern area, since quite 
higher egg and larval abundances appear in that sector during the lfovember survey 
at the begginning of the spawning period. Unusually high sardine egg abundances of 
1,800 and 2,500 eggs/1112 appear in stations west to the bay of Almeria. Analyzing 
egg stages, this can be due to the effect of crossing the sampling over spawning 
centers at their maximum spawning period. 

Fig. 2.- Sardine ewfrr?. (l'bvaltler, 1984). Fig. 3.- Sardine larvae/rr?. (l'bvali:ler, 1984). 

Fig. 4.- Sardirn egpp/nf (March, 1982). Fig. 5.- Sardine larvae/m2 (March, 1982). 

In the month of March, the western spawning area is located west to the bay of 
Malaga, off Punta Calaburras is clearly defined. !ra.ximum sardine egg densities of 
570 eggs/1112 have been observed. In the eastern part, off Kotril, the margins of 
the eastern spawning area is detected, since egg and larval abundances present 
increasing gradient towards the east. 

Y-III9 
OBSERVATIONS ON SURFACE TEMPERATURE AND ZOOPLANKTONIC Bia-lASS REGISTERED 

DURING SARDINE !CHTHYOPLANKTON SURVEYS (f'\.\RCH, 1~2 AND t-bVEMBER, 1984) 
IN THE NoRTHERN ALBORAN SEA COAST 

A. GARCIA and J. PEREZ RUBIN 

Institute Espanol de Oceanografia, 
Centro Costero de Fuengirola, Fuengirola, Malaga (Espana) 

In order to acquire some knowledge on the environmental conditions, that 
could affect distributional patterns of sardine's egg and larval stages in the 
Alboran Sea coastal waters, data on surface temperatures and zooplankton biomass 
collected on March, 1982 and November, 1984 ichthyoplankton survey cruises, 
described in our previous paper, are analized in the present paper. 

Fl,gs. 1 and 2 shows the results of the distribution observed by superficial 
temperatures and zooplankton biomass expressed in terms of dry weight <mglm3> in 
the month of Xarch survey. Gil (1985> in the analysis of the physical data of 
this survey, appreciates clearly relatively warmer waters and of lesser 
salinities (between 36. 7%. and 37. 0%. ) in the proximi ties of !far bella, and 
although the survey coincides with the begginning of the spring season, this 
author finds in general, a vertical and horizontal homothermy in our coastal 
waters. Surface temperature range differences have not practically exceeded 1 °C 
<14. 5-15. 6°Cl. 

As to zooplankton biomass, the survey coincides with a zooplankton "bloom", 
typical of the spring season which Camiflas <1983) already pointed out in his 
zooplankton annual cycle study, that can surpass the strong summer peak as Garcia 
and Camifias <1985) found. The DDst western area registers lower biomass values, 
specially in offshore waters, with a minimum obtained of 12.05 mglm3. However, an 
increasing gradient of these values is observed from the vicini ties of Fuengirola 
towards the east up to the Bay of Xh.laga, where maximum zooplanktonic biomass 
values have been registered <57. 8 mg/m3). In the easternmost area (Jiotril), high 
values are equally observed <maximum of 46.55 mg/m3),although there is a 
decreasing tendency of these towards the east. 

Fig.l.- &lrfa:eterperatures (C" ),(March,l982). Fig. 2- Zcq>lanktcnic biarass (nglm3) ,(March,1982) 

Figs. 3 and 4 describes the same parameters' distribution concerning the 
lfovember 1984 survey. As can be observed, surface temperatures are relatively 
warmer in general in this period of the year in comparison to the spring survey. 
Temperature values range between a minimum of 15. 7°C observed in the westernmost 
area and a maximum of 180C observed in the most eastern area. Although coldest 
waters are in the western zone, a 11 toral band in the center of the sampling area 
of colder waters between 16. 2°C and 16. 5°C is localized between two areas of 
warmer characteristics. 

Regarding zooplankton biomass, lowest values of this parameter are recorded 
in the winter season in these waters. Minimums are in the westernmost area <2.47 
mg/1113) and maximums are localized in an area west to the bay of Almeria <16. 74 
mg/m3). 

Fig. 3.- Su-face tatperatures (l'bvali:ler, 1984). Fig. 4.- Zoqllanktcnic biarass (l'blertler, 1984). 

In observing the general distributional pattern of sardine's 
ichthyoplanktonic components described in our previous paper together with the 
above analized environmental factors, some observations can be pointed out. 
lfovember marks the begginning of the spawning period of sardine in our waters and 
in that period the temperature range optimum of 16.6°C to 17.3°C is where sardine 
spawning has been detected in the eastern and western sector. However, in this 
period of the year where zooplanktonic biomasses are rather low, maximum sardine 
egg and larval concentrations are localized in the eastern sector where higher 
biomasses are observed. 

The DDnth of Xarch is characterized by a peak zooplankton production period 
where minimum values practically coincide with maximum values of lfovember. 
lfutri tional resources of sardine must be abundant. lfevertheless, no significant 
larval concentrations occur in the most Western sector where zooplankton biomass 
is lower. Highest larval concentrations occurr east to the bay of Xh.laga in an 
increasing gradient toward the east where biomass values range from 30 to 35 
mg/m3 .. 

Surface temperatures seem to be more relevant a factor to consider, since in 
this period of the year where the Alboran Sea coastal waters are rather cold 
showing a general homothermy, the well delimitated spawning center in the western 
sector coincides with relatively warmer waters. !ra.ximum egg abundances have 
occurred in the range between 15°C and 15. 6°C. 
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SARDINE SPAWNING GROONDS OFF THE 'Bo.LEARIC IsLANDS OF fvV..LLORCA AND MENoRcA 

IN NovEMBER, l~L INCLUDII'«3 SG1E OBSERVATIONS ON SURFACE TEMPERAT~E 
AND ZOOPLANCTON BIG1ASS DISTRIBUTION 

A. LAG0 DE LANZOS 0 and A. GARCIA00 

• Institute Espanol de Oceanografia, Alcala 27, Madrid (Espana) 
oo Institute Espanol de Oceanografia, Centro Costero de Fuengirola, Puerto 

Pesquero, Fuengirola, Malaga (Espana) 

In the month of Bovember, 1984, coinciding with the begginning of Sardina 
pilchardus' spawning period, an ichthyoplankton survey was carried out aboard the 
R/V Cornide de Saavedra, around the Balearic islands of Jlallorca and l!enorca. 

A series of 42 sampling stations were realized circuJIIlavigating both islands, in 
which 64% of the stations sampled were distributed close to the shore, while the 
resting 36% were more offshore. Bathy~~etric depths covered vary from 40 mts. to 
200 mts .. 

Sampling gear consisted in a Bongo plankton net of 40 em. mouth opening for the 
horizontal oblique tows, equipped with meshes of 2501' and 3351', General Dceanics 
2031 floWDeters and a scuba depth recorder that registered uaxiDUm depth attained 
in the tows. 

Plankton samples proceeding from the 2501' ~~esh were used to evaluate 
zooplankton biouass expressed in terDS of wet weight, dry weight and organic 
uatter, whereas, the 335).1 ~~esh sample was destinated to ichthyoplankton analysis. 

Surface temperatures were also recorded in each of the stations sampled. 

A total of 4,409 eggs and 3,854 larvae composed the totality of the catches. 
Although in the sardine's spawning commencement period, Sardina p~ 
represented 31. 1% and 16.4% of the totality of eggs and larvae caught, 
respectively. It is next !lOSt important species in terDS of abundance to 
Centncnnthus <lirl:ll.a eggs (50. 3~) and Cy.cl.o.thl:ma I1I:Allm:1 larvae <31. 1~). 

In general, sardine spawning areas have coincided with areas where maxiDUm 
ichthyoplanktonic abundances have occurred. As in a preliminary survey carried out 
by Lago de Lanz6s <1983), sardine spawning areas are mainly distributed along the 
southern part of the island of Jlallorca, but in particular, mxiDUm sardine egg 
and larval concentrations have occurred in a sector southeast to Jlallorca where 
absolute lllllXiJIUIIIS of 105.8 eggs/m2 and 22.9 larvae/m2 have been observed <Figs. 1 
& 2>. Lesser abundances are produced in the southwestern· sector corresponding to 
the Bay of Palm and it's proximities, where relatively high abundances occur, 
such as, 25.6 eggs/m2 registered in the interior of the bay and 15.6 _larvae 1m2 in 
a station west to the bay. 

Coincident with 011 ver' s (1955> first sardine egg surveys around both islands, 
the northwestern and northern coasts of the islands records no spawning activity. 

With regards to the environll!!ntal parall!!ters analized, that is, surface 
temperatures and zooplanktonic biollllss, the following observations can be pointed 
out. Temperatures have ranged from a miniliiJm of 17.60C to a uaxiliUII of 2ooc. 
Surface temperature distribution <Fig. 3>, show an area of colder waters located 
in the southeastern coasts of Jlallorca, in the same area where mxillllm &~~rdlne egg 
and larval abundances have been observed. The warmest waters were found in the 
northern coasts of Jlallorca. 
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Fig. 1.- Sardine 9f!l!J>frrF. (Noveroer, 1934). Fig. 2.- Sardine larvae/.?-. (Noveroer, 1934). 
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Fig. 3.- Surface tarperature distriruticn ( c·). 

As to zooplankton biomass, expressed in terDS of dry weight, these range from a 
minimum of 1. 94 mg/113 to a maxi DUm of 13.58 mg/113. Only seven sampling stations 
have recorded values over 8 mg/113, as Fig. 5 shows. These relatively higher values 
found are distributed in the eastern and southern coasts of Jlallorca, principally 
around the island of Cabrera. 
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THE ICHTHYOPLANKTON CAPTURED IN NINE FIXED STATIONS 
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The f•Jll,:>win•J pi~eliminary data proceed from plankhinic SI..At'veys Cctl'l~led out. 
during 1977, fi'Om the months of May on to December with ~- two day penod .of 
satnplin•J, t..JnafOI"'tunately, the dat.a corresponding to September lS lack~n·~. ~tule 
the sampling in June is overlapped with July (;30th and 1st, respectively!._ ln 
t.he remainin~J months 

1 
9 stat1•:>ns of f 1>-:~d s1 t.uat1ons were undercarr 1e•j, 

obtaining 54 zooplanktonic samples. 

Fig. 1.- Staticns chart . Fig. 2.- Mean monthly values of sedin=ted planktal 
(ml/m2. ) and Jrean surface talperature (C 0

). 

The stations are distributed in the sampling area in four t.ransect, Close 
to shore stations have been realized in bathymet1·ic depths of 20-25 mts,, 
whereas off shore stations vary from 85-100 mts. depth,(Fi>;~.l ), 

A Hensen plankto.n net was use•j, which was equipped with a 250 }J mesh. All 
the tows were vertical and the water column sampled varied in function of each 
station's particulat• depth, these t•an•Jin>;~ from 15 t•) SO mts .. 

Temperature and salinity values were t-aken at different levels •of t-he 
watet• column, but for the put•pose of tis pape1·, only surface temperatu•·e data 
shall be conside>·ed. Sedimented plankt•:>n volumes were also taken, 

Fig,2 represents the mean month values of sedimented plankt()n (ml/m2) 
contrasted with mean surface temperatures of the sampling area. Hi>;~hest 

zooplankt•)n values .:>ecut• during the months of AuoJust and October. 
A total of 1,051 larvae were collected, comprisin>;~ 26 species and 22 

taxonomic groups (wich include the genus and family levels). From a total of 
2,547 e>;~gs that were cau>;~ht, only the two important commercial species were 
classified, that is, ~Rilchardus and ~·Jraulis ennasicolus, Due to their 
commercial imp•)rtance, their particular study will be examined in detail in our 
followin>;~ paper. 

t·lont.hly e'Jg and larval abundances, consi•jet•lng t-he tot.ality 0:.1f species 
appeat·ing are shown in Fig.3, Highest abundances appear during the month of 
November. This peak is influenced from Octobet• on to Oecembe•· by the impot•tance 
of the sardine's planktonic elements, that is in it's peak spil.wning period, N.:•t 
regardin•3 this spE-cies in the comput~, grea.ter abundances of e~;Jgs occur dur in.,;J 
June-July, whet·eas in Au9ust · fot• the larvae, possibly c.;;.used by an increase•j 
spawnin9 activity in the typical neritic species of our coasts. 

With regards to the spatial distribution C•)nsider i n•J as a whole all species 
collected, >;~reatest abundances ·~f fish .:ggs roave been registered at st.4, with 
an accunlulat.ed density for the whole sampling period of 8.48 eggs/m2. Highest 
values of fish larva.e appeared in st.ations 9 & 5 1 with 2:35,6 larvae/m2 and 2:34.:3 
larvae/m2, ~~~spectively, 

The icl'othyoplankt-on of this area during the studie•j tln1e period IS 

charactel'ized by the prepondeo·ance of ~Rilchardus (principally ft·om 
Octobet· to December), in wich their e9gs and lat•vae represent the -52.7% and 
39,9:?, t•espectively, This species with the genus Callio)nymus an•j th,. farnily 
t1yctophi·jae have rept·esented apro;dmately 70:? .;:,f the totality of l~xv~.e 

collecte•j . 
Although all sampling stat.ions are litoPal, t.he mesQpelagic gonost.oruatid 

larvae at~e quite imp•JI'lant in the catches 1 l'epresent.in•3 .4,8% of the total cat.ch. 
These are mainly represented by Maurolicus muelle•·i (2, 9:4) wich appea1·s 
regular l·f through•)•~t the whole sarnpl in9 period and .£Y.clotone braue•· i ( 1 . 9:0, 
wich only appea1~s from f1ay to Octobet~, In any ca.se. highe1• abundances of l2.rva.e 
belonging t(l the mesopela•;,ic 'Jl'oups (myctophids and g•::.nostomatid.s) have appe21.ted 
in deepel'' waters· located in the mc•st. west.ern stations . 

Alon•;~ sampling period analyzed, the following succession of t.he doruina.nt. 
groups of lai'vae are presented: 

f>1AY: majo1~ abunda.nces correspon.j tc• t.he rnyctophids, wich represent. :.36,4% of 
the total, mainly represented by the species; LampanY.ct.us ct·ocodilus, t1yctophum 
Runctaturi, and Bent.h•Jsema glaciale 1 wich among them ammount 27.:3%, 

JIJNE-.JIJLY; newly, t-he myctophids at:e the dominant •Jroup, wit-h the -54,4% of the 
total l~rvae, In order of impor lane~, the most I'epl~esent.ati ve species \,l,h:?re 

E:ent.l-t•)Sema •]laciale, r·gratoscopelus mader·ens1s an,j Lah~R.a!JYCtus ~~. w1ch 
ari,Ol1•;J them l~ept•esents :37. 2'h of tota 1 larvae . 

AUGUST: the mQst l~epresentat.i ve larvae col lee ted COI'l'esponds t.o the qenus 
Callionymus, representing 46,5% of the t•)tality of larvae captured . 

OCTOBER: this month l~e,JiStePs lowest abundances of l.a1·vae 21.nd n•:. dominance in 
t.he composition of species is observed, 

NOVEf1BER: ~pl.l__~-~j.Y2.. is the dominant. species appea1·in•;,, rep1~es~nt1ng 

86,.Sl~ Qf t.he larvae collected. 
DECEMBER: the species ~~represent-s 40,2%. MyctQphid la•·vae 

have a.ls•J been important., Pepresent.ing 41'% of all the larvae caught, but- bein•J 
.!:1Y.f_\·'~~!!!_f1:!D.f..!:.~l!:!.!f! ... (:3:3,6;~) t.he most. dor!'tinant. s ecies in this gr·oup, 

Fig. 3.- Monthly ew and 
larvae aWndances. 
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Y -III12 
THE SARDINE AND ANCt¥JVY ICI-ffHYOPLANKrON CAPTURED IN NINE FIXED STATIONS 

LOCATED AT 'BAY OF M<\LAGA, FRG1 f~y TO DECEMBER IN 1977 
J .M. RODRIGUEZ• and J. PEREZ RUBIN° 0 

Insti tuto Espanol de Oceanografia (Espana) 
° Centro Costero de Canarias, Carretera de S. Andres s/n, S/C de 

Tenerife (Espana) 
oo Centro Costero de Fuengirola 1 Puerto Pesquero s/n, Fuengirola, Malaga 

(Malaga) 

The pr·esent. comunication is based on the previously descr·ibed plankt.•:tnlc 
su1·veys of 1977 cal'l'ied out in the bay of Mala•::Ja, 

Table I shows the fftonthly catches c~f Sat~diD_~_J::j_lchal'dUB and ~Dgr_au,Lis 

encpasi_<;olus dul'in·~ the sampling period {May-Decembel'), Peak abundances os 
sal·dine occur· dur·ing Novembel', Whei'eas anct-u:,vy peak abunda.nc~s occur in August, 
Catches of both species have been l'at.her simi laP in the interme•jiate month of 
October. 

JUN-JUL, 

SARDINE 
Eggs 

Eggo 

~269 

Table ·I.- M::nthly catches of 
sardine. (total nuriJer} • 

A total of 419 la1·vae and I ,341 eggs were collected of this species, that 
rep1•esente•j :39,9% and .52,7% >Jf totality of fish species capto..n·ed, 1·espectively. 

A highe1· accumulated abundances •)f larvae all ove1· tt·,e san\plin•;:J pe1·iod is 
1'egist1•ed in the st,S, with 114,6 la1·vae/m2. LQ~~~est values appeared in t-he st,3, 
wich is the deepest station ( 10,2 larvae/m2), 

Rega1•din•;J their egg abun•jances, highest accumulated abundances ;;_!so occur 
in st,.S, with 6.51.9 e•::Jgs/m2 , while the lowest values correspond to st.:3 (1,:3 
eggs/m2). 

Figure l ~~;presents the sar,jine .. s spawning cuPve, sho\.llin'J t-hat. it.··s e'J9S 
are present in the plankton fpon Oct.>Jber to t1ay, while it is cor,>pletely absent 
from June to Au•;Just, A peak spawning period is produced in this area in Noverr.bel' 
(179,.5 eg•Jslm2 and .51,6 lal·vae/m2), 

Figures 2 l< 3 descl'ibes the eg•::J and larval spatial distl'ibution within this 
significant n>ontt-,, Majo1• eg•;)S abundances have been taken dw·ing the Novembel' 
sar1\Dlinq cruise in st.ations which measur·ed supface t.emperatul"'€'5 of aoroximately 
16,8 C» . The supedicial temperatUl•e range >Jf this month is l-5,8-18.7 co (the 
average value was 17. 1 C•)) . 

In a comunication of Garcia li Rubin to the p1·esent.. ICSEM Con,Jress have pointed 
out that in the san\e <•l•)nth, in a 1984 su1·vey, the suped ic ial tempe1•atw·e l'an•::Je 
optimum of 16.6 co to 17,3 co is where mor·e intense sat'dine spawning ha,j been 
detected, 

Fig.l.- Sardine em; and larvae t61lJOral 
«listrilxticn. 

ENGRA!JLIS ENCRA~;ICOLIJS. 

Fig. 4.- ltr>::h:Ny eggs 
and larvae talporal 

distril:uticn. 

Lowe1· densities of the planktonic elements of tt-tis species occur in the 
studie,j a1~ea, in comparision t1:> sar·dine, 

A t•)tal of 1:3 larvae and 1:32 eggs were caught, wich represented 1,2% and 
.5,2% 1'efer1·ed to t.t·,e totality species, respectively, 

Hi>;Jhest accumulated abundances a1·e obtained in st. 6, with 7. 6 la1·vae/m2 and 
4:3,4 e•Jgs/m2, and in st,8 whe1·e ma~:imun accumulated e•;:J•;:J densities of 61 ,I 
e•::J•;Js/m2 have been •)bSel·ved. These inshore stations are located in shall•:,w 
wate1·s. Absence of theil' e>J>::JS have been registered in st,l (50 rnts, ,jeepl and in 
stations sit.uated .:.vel' dept.hs of :::.s mt.s. ot~ mor-e, Howevet", tt-~t~·il .. lai·vae ha.ve 
been observed in all the· stations, re•::Jal'dless thei1· depth, althou9h hi•;Jhel' 
abundances have been located in shallow safl\pl ing stations, 

Fl']UI"e 4 l"epresents the anchovy eggs abundance and laPvae succesion dt..win'J 
the studied yea1 .. ··s per·i•:uj, 

Gal"cia Lo.~ Rubin (19:3.5) observed in an August sui·vey in 19:32, opt.imun 
superficial tempePat.ui·es ran•Je between 20-2:3 co (ma)':imun ,jt?-nsities occuf·in•J 
between 22-:2:3 CO) in the anchovy··s spawnin•J grounds of our· coast-al ~Pea, In the 
same month in 1977, we havt: encountered a r·an•;,e of 19.8-22,7 C0 . St-,9. l"'i•:hest 
in anchovy e•J•;! densities regist-ered 20,2 co, whereas in Oct.obe1~, per·iod in wich 
t.he1"e is a si•]nificant pl"esence Qf this species dul"'ing the sul~vey 1 l"'e•;~ist...ePed a 
mean supel"ficial t.empel'·ature of 2:;: co. Highest values occuJ"' in st,t. u-,at 
l"egistt-Pe•j 22,8 [(:, 

f\EFERENCE:; 

Gafcia,A, & .J ,P ,Hubfn (present volume). Dt•servat1on on sui· face temperatur-e and 
zooplcmctonic t•ioruass l .. t?•;]ist.eted. dui"'il1•.J sal"•jine icht.hyoplanktQn SUJ"ve-ys 

(f·1ar·ch
1 

1982 and Novembei', 19:34) in the fkq·thern Albo1 .. an Sea. coast. 
Ga1•cia,A. l, .J,P,Rubin (198.5), General cha1·acteristics of the nentic 

icht.hyoplankton of the nort.hel"'n sector of the Alb·~l"an Sea. 1n Au~~ust.~1·3~:2. III.-
6enel"'al dist.Pibution of Engl'a'Jlis encl"asicolus, Ra.Rp._~ ~c;:_q_~r,~! int, f1er
i'l~di t. '291 8): 13:3-]:34. 
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RESUME 

ETUDE DES PROPRIETtS GEOCHIMIQUES DE SEDIMENTS DES GRANDS FONDS 

DE L'ATLANTJQUE ET DE LA MffiiTERRANtE PAR DES TECHNIQUES NUCLEAIRES 

P .. GUEGUENIAT 0
, D. B0UST 0

, J.P. ADLOFF 00
, R. GANDON° et R.E. CRANSTON° 00 

o C.E .. A., IPSN, DERS, SERE, Laboratoire de Radioecologie Marine, 
Centre de la Hague, B.P. 270, Cherbourg (France) 

oo Laboratoire de Chimie NuclEiaire, B .. P. 20, Strasbourg (France) 
ooo Environmental Marine Geology, Atlantic Geoscience Centre, Halifax 

(Canada) 

Les travaux consacres a 1 'etude des proprietes geochimiques des sediments des 
grands fonds de l 'Atlantique se sont intensifies avec la mise en place du programme 
Sea Bed qui etudie les consequences, pour la vie marine, d'un eventuel. stockage de 
dechets radioactifs par 5000 - 6000 metres de fond, 15 a 30 sous 1 'interface sediment/ 
eau. C 'est ai nsi qu 'Ameri cains et Canadi ens d' une part, Fram;ai s et Angl ai s d' autre 
part se sont penches respectivement sur le bassin Nord-Americain et la plaine Abyssale 
du Cap Vert. Dans ce travail on examinera ce que peut apporter 1 'utilisation de deux 
techniques noel eaires, l 'effet Mossbauer et l a contamination experimental e par traceurs 
radioactifs ( 54-Mn I I}, a 1 a connai ssance des proprietes geochimiques de sediments re
cueillis sur ces deux sites. Pour elargir le cadre de l 'etude,des sediments des grands 
fonds du golfe de Gascogne (Atlantique) et de l a Medi terra nee (mer Ioni enne) ont ete 
ega l ement consi de res. 

Les app 1 i cations geochimiques de l a spectroscopi e Moss bauer sont i nteressantes _ 
La connai ssance des rapports Fe I !/Fe I II permet en effet d 'obteni r des informations 
a/ sur la precipitation du fer dans la colonne d'eau et sur son evolution lors de la 
diagenese, b/ sur la mineralogie des sediments, c/ sur l 'importance des apports terri
genes. Ai nsi M1 na1 et a 1. ( 1981} ont ~ontre que l a part des apports terri genes ( carac
terises par une forte proportion de Fe +) est importante dans le Pacifique Ouest, faible 
dans le Pacifique Est. Ils ant par ailleurs relie la presence d'une fraction de fer 
super paramagnetique dans une zone du Pacifique Ouest a la presence de materiel d'ori
gine volcanique. 

En Atlantique la situation est tres differente sur les trois sites etudies : 
les rapports Fe Il/Fe III sont compris entre 39-61 % dans le bassin Nord-Americain, 
25 a 36 % dans le Golfe de Gascogne, 7,5 et 9 % au Cap Vert. Sur ce dernier site le 
fer se trouve essentiellement sous forme Fe203 ou Fe O.OH en relation soit avec une 
precipitation du fer importante (colonne d'eau - diagenese} soit avec la presence de 
F e203 dans les aero so 1 s sahariens qui constituent une source importante d' apports 
sol ides dans cette region. En mer Ionienne la presence de fer magnetique n' a pas· permi s 
d 'etab l i r 1 es rapports F e2+ /F e3+. 

Les etudes de fixation du 54-Mn (I I) sur l es sediments marins fourni ssent des 
indications precieuses sur les proprietes d 'oxydation des sediments. Les resultats 
obtenus (fr = l5°C, sediments seches a 50°C, 100 mg de sol ide/ 200 cm3 d'eau de mer 
recuei 11 i e en MancheJ atti rent 1 'attention sur l 'obtention de Ko excepti anne l1 ement 
e 1 eves (l 000 - 10 000) au Cap Vert apres trois jours de contact. 

Ko apres 3 jours : 400 - l 0 000 
equi 1 i bre attei nt apres 3 jours a 7 jours de contact 
1 'evolution du Ko en fonction de la profondeur depend du taux de carbonates 
(20 % a 90 %) qu1 jouent un role nul dans la sorption. 

Bassin Nord-Americain Ko apres 3 jours : 120 - 390 
Ko apres 21 jours : 340 - 600 
pas d'evolution significative en fonction de 1a profondeur 
pas de cinetique de fixation particuliere 

Golfe de Gascogne Ko apres 3 jours : 110 - 150 pour site no 1 
3 jours : 820 - 1200 pour site n° 2 

Ko apres 21 jours : 200 - 700 pour site no 1 
21 jours : 365 - 600 pour site n° 2 

les cinetiques de fixation pour les echanti llons du site n° 
se font selon un mecanisme d'autocatalyse. 

Mer Ioni enne Ko apres 3 jours 160 - 380 
Ko apres 21 jours 700 - 800 
la cinetique de fixation se fait selon un mecanisme d'auto 
catalyse (V/m : 2000) 
pour V/m : 200 1 a vitesse de fixation se fait avec une 
vitesse de reaction du ler ordre. 

Pour expliciter les proprietes des sediments du Cap Vert, on a decompose la 
sorption 54-Mn en etudi ant separement des argi 1 es ( une i 11 ite, une kao 1 i nite, une 
montmorillonite), des carbonates ( ca 1 cite, aragonite, magnesi e) et s11rtout, compte tenu 
des resultats Mossbauer,divers oxydes et hydroxydes de Fe3+ (une goetithe cristallisee, 
une hematite cristallisee, une goethite impure, une hematite du Lac Superieur, des 
preci pites riches en Fe3+ recuei ll is au voi si nage des sources hydrothermal es ... } 
susceptibles de catalyser l 'oxydation du 54-#1 II(Wilson, 1980). Rien dans ces resultats 
(K0/cinetique) ne permet de rendre compte des proprietes des sediments du Cap Vert 
l 'hypothese est emi se, pour ces echanti 11 ons, d' une cat a lyse de 1 'O)<ydati on du 54-Mn2+ 
par 1 e manganese stable present dans l es echanti 11 ons a des teneurs de 1 000 a 2 000 
ppm sur 1 'ensemble de la tranche sedimentaire etudiee (11 metres). Les proprietes 
ainsi decrites sent interessantes dans l 'optique du stockage de dechets : les transu
raniens et le neptunium rencontreront une barriere manganese susceptible de s 'opposer a 
leur migration. 

Minai, Y., Furuta, T., Kobayashi, K., Tominaga, T. (1981). A Mossbauer study of Deep 
Sea sediments. Radiochem. Radioanal. Letters 48/4-4/165-174. 

Wilson, O.E. (1980). Surface and complexation effects on the rate of MnJI oxidation 
in natural waters. Geochimica Cosmochimica acta, 44, 1311-1317. 
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Y-IV2 
NEUTRON ACTIVATION ANALYSIS IN TRACE ELEMENT MEASUREMENTS 

ON MARINE ENVIRONMENTAL SJIMPLE (~1YTIWS GALLOPROVINCIALIS, 

f~A- M - 2 / T~1 - REFERENCE MATERIAU 

Maria SALAGEAN and Ana PANTELICA 

Institute for Physics and Nuclear Engineering, Bucharest (Romania) 

In.tJtoduet.{.on. This work presents the results regarding an inter-
comparison organized by the. IAEA (Laboratory of Marine Radioactivi
ty - Monaco) on the determination of trace elements in mussel tis
sues in order to provide a biological reference material for multi
element analyses and also to verify the performance of the various 
analysis methods of the participating laboratories. 

It is well known that mollusca are able to concentrate 
micropollutants in their tissues from the surrounding sea water and 
therefore can be considered as good indicators of heavy metal pol
lution of the marine environment. 

The Mediterranean mussels - Mytilus galloprovincialis have 
been analyzed. 

ExpeJt.{.men.ta£. By using the instrumental neutron activation method 
the concentration of 28 elements have been determined after a long 
and short irradiation in a VVRS-1 reactor. A l'lulti channel analyser 
connected to a 65 cm3 Ge(Li) detector with 2 keV resolution has 
been used. 

Re.oul.t.o and V.{..ocu.:..o.{.on. In Table 1 are presented the concentration 
values of certified elements with satisfactory (A) or acceptable(B) 
degree of confidence. 

As regards our results for Hg concentration a small comment 
is necessary. The (2.45~0.58)vg.g-1 value initially obtained was 
rejected. We suspect a contamination in our first measurements be
cause a HgCl2 solution has been used as standard. Making use by the 
monostandard method this element has been reanalysed. Our value for 
Hg concentration (1.03+0.11)vg.g-1 is in a good agreement with the 
recommended value. In this case we have a good reason to explain 
our first discrepancy and to improve the method of analysis for 
this element. In Table 2 the information value for the concentra
tions of some element are given. Table 3 presents the meaningless 
values, which cannot be recommended due to the limited number of 
participating laboratories or due to the large discrepancy of the 
values obtained by different methods used. A new revised analysis 
of Al and V hp been performed in our laboratory. The value of 
(191+20)vg.g- was obtained for Al concentration. For V only an up
per Tevel < 3 vg.g-l of concentration has been determined. In 
Table 3 we put the old values in brackets. 

Finally, as one can see from tables 1,2 our results are in 
a good enough agreement with the certified values. 

TABLE 1. Concen.tJta.t.{.on value<> o6 element<> .tha.t ean be ceJt.t.{.6.{.ed 
w.{.th :.a.t.{.<>6ac.toJty (Cla.o<> A) olt acceptable (Cla.o<> B) 
degJtee o6 eon6idence 

Element 

As 
Br 
Ca 
Co 
Cr 
Fe 
Hg 
Mg 
Mn 
Na 
Rb 
Se 
Sr 
Zn 

Unit Con cen
tration 

12.8 
357.8 

14.8 
0.88 
1. 2 5 

256.2 
0.95 
5.94 

67.1 
45.5 

6.96 
2.27 

101.3 
156.5 

Conf1dence 
interval 

11.8-14.4 
304.1-416.7 

13.6- 16.1 
0.75-1.07 
0.95-1.62 

229.2-268.2 
0.85-1.06 
5.22-6.70 

60.7-75.3 
44.0-47.7 

5.30-7·.80 
1.70-2.56 

91.5-106.7 
152.8-166.7 

Our results 

10. 0+1. 9 
353+"20 

15. 6+1. 5 
0.91+0.01 
1.17+0.09 
270+17 

1. 03+0 .11 
5.9 +0.4 
60 .8+6. 5 
43. 6+1. 0 

7. 2+0 .6 
2.0+0.1 
104+6 

152.3I2.7 

Class of 
results 

A 
A 
B 
B 
B 
B 
A 
B 
B 
B 
B 
B 
B 
B 

TABLE 2. In6oJtma.t.{.on value<> [non-eeJtt.{.6.{.ed) 6oJt eoneentJtat.{.on o6 
elemenu 

Element Unit Con centra ti on Confidence Our results 
interval 

Ag ng.g-1 54.2 45.1-62.0 < 80 
Au ng.g-1 15. 5 14.4-16.3 15.5 + 1.9 
Sb ng.g-1 27.0 26.6-29.5 29.5 + 4.9 
Sc ng.g-1 45. 1 42.2-48.0 42. 3~-1. 5 

TABLE 3. ConcentJta.t.{.on value:. o6 eeJttain non eeJt.t.{.6ied elemen.t-6, 
deteJtmined in oult laboJtatoJty 

Element 

Al 
Ce 
Cs 
Eu 
Hf 
La 
Ta 
Te 
Th 
v 

Unit Con centra ti on 

(319~13) 191 + 20 
0.67 + 0.06 

76 + 7 
7.6 + 1.5 

< 50 
0.80 + 0.08 

4.9 + 1.6 
1.6 + 0. 7 

45 + 12 
< 3 ( 3. 6~1. 4) 

Number of 
participating 
1 aboratories 

7 
2 
2 
3 
2 
2 
1 
1 
2 

10 
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INSTRLMENTAL NEUTRON ACTIVATION ANALYSIS OF S0'1E SJIMPLES 

OF AIN-FRANIN GEOTHERMAL WATER, ALGERIA 
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, Iulia I. GEORGESCU 00

, 

Abderrazak MESLI 000 and Sohbi BELLEBIA000 

o Institute for Physics and Nuclear Engineering, MG-6, 
Bucharest (Romania) 

0 o Polytechnical Institute, Faculty of Chemical Engineering, 
Bucharest (Romania) 
Institut National d'Informatique, B.P. 89, Sidi-Bel-Abbes 
(Algerie) 

Su.mmaJty. Samples of sea water, AIN-FRANIN geothermal filtered and non 

filtered water,as well as a sediment rock surrounding this source 

were collected. Samples and standards were irradiated and counted 

using a Ge(Li) detector. Total of 22 elements have been identified: 

Na,Rb,Cs,Br,Ca,Sr,Ba,Sc,Cr,Fe,Co,Zn,As,Ag,La,Ce,Sm,Nd,Eu,Hf,Hg,U. 

MateJtia:l a:nd Method:.. Non filtered sewater, filtered and non filtered 

AIN-FRANIN water samples were evaporated and dryed at 180°C. The white 

crushing rock surrounding the source was also dryed at the same tempe

rature. After crushing the samples in an agath mortar, they were to

gether with the standards irradiated for 76 hours 111 a 1.1x1011 neu

trons/cm2.s flux. Making use of a high resolution Ge(Li) detector,the 

elements identified, are to be seen in Table 1: Na,Rb,Cs,Br,Ca,Sr,Ba, 

Sc,Cr,Fe,Co,Zn,As,Ag,Hg,La,Ce,Sm,Nd,Eu,Hf,U. 

Conclu..oioM: AIN-FRANIN geothermal water, has higher concentration in 

Sr,Sc,Fe,Zn,Cs, than in seawater. The following elements were present 

only in A-Fr water: C.r,Co,Ag,Hf.,Hg. Arsenium was present only in ma

rine water and in the rock surrounding the thermal source, but lack in 

the seawater few Km along the sea at Kristel(l). The presence of Ura

nium signaled for the first time at Kristel in 1984(2), now it is con

firmed its origins in the geothermal source of Ain-Franin. Zn presence 

60-70 vg/1 at A-Fr and 22vg/1 in the seawater, has not been detected 

at Kristel, few Km along the coast (1). 

Natural Uranium has been detected in concentration of 30 vg/1 

in the seawater, while at A-Fr source only 2.3 ~g/1. This can be ex

plained by the accumulation of U little by little in front of devers

ing the source in seawater and the impossibility to diffuse more 

quickly in the surface or the deep layers. 

T A B L 

Sample 

Element 

Na g/l 
Rb v g/ l 
Cs vg/l 
Br mg/l 
Ca g/l 
Sr mg/l 
Ba ~ g/ l 
Sc ~g/l 

Cr vg/i 
Fe mg/l 
Co vg/i 
Zn v g/ l 
As vg/l 
Ag ~g/l 

La vg/l 
Ce ~g/ l 

Sm !lg/l 
N d ppm 

Eu ppb 

Hf vg/l 
Hg vg/l 

vg/l 

marine 
water 
40.24 g/l 
nonfil tered 

13.61!_0.16 

80 :!:. 8 

0.5:!:. 0.1 

15.5 ~ 0.7 

0.61:!:. 0.06 

0.4:!:. 0.1 

< 296 

0.02!_0.06 

filtered 
water 
AIN -FRAN IN 
5.411 g/i 

0. 80:t_O. 02 

32 :!:. 3 

12.1~0.4 

1. 36:t_O. 06 

0.832~0.026 

9.1~1.0 

0.08!_0.03 

2. 3 :!:. 0. 5 
0.48!_0.20 0.14!_0.03 

0.05!_0.03 

22 :!:. 60 :!:. 3 

55 :!:. 34 

4.7:!:. 1.7 

3.8:t_l.7 

< 0.84 

30 ::!:_ 15 

0 .16!_0. 09 

3.8 ~ 0.5 

0.5 ~ 0.3 

0 . .07~0 .04 

0.07~0.04 

0.6 ~ 0.1 

1.8:t_0.8 

nonfiltered 
water 
AIN-FRANIN 
5.415 g/i 

0. 88~0. 02 

32 ~ 5 

12 .4:t_O. 5 
1. 44!_0. 07 

0.786!_0.023 

9.3:!:. 1.0 

86 ~ 40 
0.44!_0.04 

8. 2 :!:. 0. 8 

3.38!_0.15 

0.07!_0.03 

70 ~ 3 

0.27~0.08 

4.1 :!:. 0. 6 

0.7.! 0.3 

0.08!_0.04 

< 0.16 

1.2 ::!:_ 0.2 

2.3:!:. 1.0 

Rock 

(31. 5:t_1.3)ppm 

( 9 :!:. 3) ppb 

(0 .24:t_0.02 )ppm 

(31.1!_0.7)% 

(1861!_190) ppm 

(2.3~1.4) ppm 

(5.4:t_0.5) ppb 

(355!_ 15) ppm 

(9~3) ppb 

(3.1~0.1) ppm 

(0.24:t_0.10)ppm 

(30:t_5)ppb 

(60 :!:. 40) ppb 

(45:t_6)ppb 

(0.6~0.3)ppm 

< 4 ppb 

(0.42:t_0.15)ppm 

The white rock principaly is made of cas.o
4 

about 98% with a 

low mineralization in Sr,Fe,Ba, lanthanides and 0.42 ppm Uranium. 
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Y-IV4 
MODEL CALCULATION OF Pu, flM AND NP SPECIATION IN SEAWATER 

AT VARIOUS REDOX CONDITIONS 

Halka BILINSKI 0
, Gunnar ERIKSSON° 0 and Rinnosuke FUKAI 000 

o Department of Physical Chemistry, "Ruder Boskovic" 
Institute, Zagreb (Yugoslavia) 

00 Department of Inorganic Chemistry, University of Umea, 
Umea (Sweden) 

ooo International Laboratory of Marine Radioactivity, IAEA, 
Musee Oceanographique, Monaco (Principality) 

The present work is a continuation of earlier experimental studies 
of Fukai et al. ( 1981, 1986) in which only simple model calculation 
was performed on plutonium. To get a more complete picture about 
predominant complexes of plutonium, neptunium and americium in sea 
water equilibrium calculation was performed, using computer program 
SOLGASWATER (Eriksson (1979).All major components of seawater have 
been used to prepare the composition matrix and also all available 
equilibrium constants for complex formation. calculation was per
formed at constant value of pH (pH=8.0) and redox conditions were 
changed from p c = 12 to pf. = (-4). 
Speciation of plutonium, neptunium and americium is presented in 
Fig. 1 a, b, c. For plutonium it was found that five -valent species 
Pu02 + pred~inates and it is in equilibrium with hexavalent species 
Pu02 (co

3
)2 - and tetravalent species Pu(OH)4 • According to our earlier 

results fivevalent species will disproportionate to hexa- and 
tetravalent species. 
For neptunium it was found that fivevalent bicarbonate complex 
NpO_.,{HCO ) - is very stable and that americium predominates as 
Amci"'+ id €he threevalent st::!te. At anoxic condition is plutonium 
in threevalent state as PuOH +, neptunium is in tetravalent state 
as Np (OH) - and americium does not change the oxidation state. 
Model calcdlation strongly depends on the validity of used constants, 
results will be compared with recent experimental data in the 
literature and discussed in connection with geochemical cycles 
of these elements . 

LITERATURE: 
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Y-IVs 

THE EFFECT OF MERCURY ON PROTEIN AND CHOLESTEROL SYNTHESIS 
IN THE M.JSSEL ~1YTILUS GALLOPROVINCIALIS 

Tulay ENGIZEK, Betul SOYTURK, Fethi AKSIRAY and Husniye SUNA90GLU 

Radiobiology and Health Physics, Research and Application Center, 
University of Istambul, Faculty of Science, Istambul (Turkey) 

Abstract 
The effect of mercury!s different sublethal 

concentrations on protein and cholesterol levels 
in mussel's "M.ytilus galloprovincialis" hepato
pancreas and foot muscles, measured 10 dayo fol
lowing mercury's adtilinistration, was investiga 1.ed. 
In the foot the levels of protein and cholesterol, 
in comparison to that of hepatopancreas was found 
to be higher. In the control, the average protein 
and cholesterol: l~vels of the foot were 21.32 % 
and 0.856 %, respectively; and in the hepatopanc
reas the same levels were 7.50% and 0.773% res
pectively. HgC12 , at low concentration~ causes an 
increase in protein and cholesterol ievels in both 
the fogt and the hepatopancreas as in comparison 
to the control. In inverce proportion with the in
creasing concentration of HgC12 , the protein level 
decreases in both the foot and the hepatopancreas, 
but this diminished value is still higher· than that 
of the control at the high~st mercury level (1 mg/1) 
used. On the other hand, at this concentration cho
l~sterol's level drops below that of the control. 
Thereby, according to these observa~ions, chronic 
mer0ury poisoning causes an increase in protein and 
cholesterol levels. 
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Y-IV6 
ETUDE DES CONCENTRATIONS EN FE, ZN, Cu, PB ET CD CHEZ NocnwCA sciNTILLANS 

Resume: 

A LA SUITE D'UN PHE:Na>1ENE "D'EAU ROUGE" DANS LA BAlE n'URLA 

Sezginer TUNCER 

Hydrobiology and Water Resources Research Center, 
Ege University, Urla, Izmir (Turkey) 

Nous avons observe le 19 Janvier 1984 a 12 H 30 (heure.locale) un phenomene 
"d 'eau rouge" dans la baie d 'Urla; Celui-ci etant dO. a une espece de 
d1noflagelles ( Noctiluca scintillans) . Un prelevement a ete immooiatement 
effectue ·pqur les dosages des metaux: Fe, CU, Zn, .Pb et Cd. ParallEHement un 
echantillon temoin d 'eau du large a ete etudie. 

Pour comprendre ce phenomene ecologique complexe, nous avons du noter les 
parametres physico-chimiques et mete'orologiques de cette periode. 

Abstract: 
We observed "Red tide" phenomenon at the bay of Urla on January 19,1984 

(local time 'of 12.30 p.m) that occured by Noctiluca scintillans of 
Dinoflagellates. 

The sampling was made to analysis of metals immediately. At the same time, 
offshore sea water samples were analyzed also. 

When determination of this complex ecological phenomenon we attend to 
physico-chemical and meteorological parameters too. 

Ce type d'eau rouge du a Noctiluca scintillans a deja ete observe en 1967 en 
Bretagne par GRALL et LEVEFRE., (l) et 1982 et 1984 par KORAY, ( 2) . Il nous a 
paru interessant d 'etudier les concentrations en metaux lourds a la fois dans 
les organismes et dans le milien, environnant, car peu de travaux de ce genre 
avaient ete effectues jusqu 'a present. 

Notre phenom?me etait tres restreint (0.5 a 1m2) et il n'a dure que 3 heures; 
l 'eau avait une teinte tirant sur l'orange vif. La temperature, le pH et la 
S%<J d'apn1s les travaux de KORAY, 1984 ~taient respectivement de 12 c~ 6. 7 et 
28.2%o . La densite monospecifique de N.scintillans etait au max. de 180.000 
<;:!l: 

Les donnees meteorologiques nous pn!cisent que la premiere quinzaine de 
Janvier a ete tres pluvieuse; 167.40 kg/m2 entre le 5 et 13 Janvier alors que 
les precipitations du mois de Janvier totalisent 247.7 kg/m2. Apres une 
interruption, de 3 jours, la pluie reprend le 17 janvier avec 8.8 kg/m2 en une 
seule Journee et un vent violent de direction nord-sud (Force 8 Beaufort). Le 
18 et 19 le temps est calme et pen nuageux. Quelques heures apr~s l • apparition 
du phemomene, le vent s • est leve et les eaux rouges ont disparu. 

L' etude en laboratoire s 'est fai te sur un echantillon de 20 l. Un fil tre 
papier a permis de recolter 422.5ll g (poids humide) de N.scintillans, Apres 
passage a l 'etuve a l05"c pendant une nuit il ne restait que 15. 769 g (poids 
sec.) 

La mineralisation a ete fal te dans des ballons en pyrex par l • aclde 
nitroperchlorique (2:1) a chauffaqe thermostate sous un refluv Apres 
acidification ( pH=2) 1• eau de mer temoin et l 'eau rouge issue du fil trat ont 
.:;t<f COnservees a -20 • C jusqu 'a analyse des mE{taUX. 

Le dosage des metaux dans l'eau et Pb et Cd Chez N.scintillans s•est fait par 
Spectrophotome.trie d 'absorption atomique Perkin Elmer 360 HGA a 1 'aide d 'un. 
four atomiseur. Un syst<~me Varian Techtron Modele 1250 air-acetylene a ete 
utilise pour etudier le Fe, CU, et Zndans les organismes. Tous les dosages ont 
ete' faits en double et sont presentes dans le tableau suivant. 

Tableau I. Concentrations moyennes en metaux lourds chez N.scintillans 
et dans l'eau. 

Fe Zn Pb c~ Cd 
N. scin tillans 926.9 80.96 29.0 TI.22 2."21 

l'eau de mer 
sous le filtrat 0.530 1.030 1.036 0.180 0.150 
(ppm) 

l 'eau de mer 
temoin 0.510 0.850 1.285 0.140 0.088 
(ppm) 

D'apres le tableau, les concentrations chez N.scintillans de Fe et Zn sont 
plus importantes que celles de Pb, CU et Cd. Mais la teneur en Fe 926.901Jg/g 
(poids sec) est nettement superieure a toutes les autres. 

Les teneurs en metaux dans l'eau temoin et sous le filtrat sont sensiblement 
egales. Pour comprendre ces "eaux rouges" il faudrait faire des predevements 
permenents durant cette periode et prendre note des n~sult;ats obtenUlS 
•ci-dessus. Pour cette raison, il faut considerer cette etude comme 
pnHiminaire. 
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